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Abstract

Objective: To investigate the incidence of women with breast implants in 1964–2017

Patients and Methods: All women with breast implants in Olmsted County, MN between 

January 1, 1992 and December 31, 2017 were identified, and a comprehensive review of 

individual medical records was performed, adding to a previously identified cohort of women with 

breast implants in 1964–1991. Incidence rates were calculated and were age- and sex-adjusted to 

the US white female 2010 population.

Results: In 1992–2017, 948 women with breast implants were identified, totaling 1696 Olmsted 

County, MN women with breast implants in 1964–2017. Overall incidence was 63.3 (60.2, 66.4) 

per 100,000 women, but incidence varied significantly over time. Women in 1964–1991 were 

more likely to have implants for cosmetic reasons and more likely to have silicone implants 

compared to the 1992–2017 cohort. The overall standardized mortality rate was 1.17 (95% CI 

0.99–1.38) in 1964–1991 and 0.94 (95% CI 0.66–1.29) in 1992–2017. In 1992–2017, breast 

reconstruction patients had a significantly elevated risk of implant rupture and implant removal 

versus breast augmentation patients.

Conclusion: The incidence of breast implants among women in Olmsted County, MN has varied 

drastically over the past five decades, with significant changes in the trends for implant type and 

reason. The findings of this study may provide further insight regarding how risks associated with 

implants may vary over time.

Introduction

Despite 60 years of breast implant availability in the US, the epidemiology of breast 

implants has not been well examined and remains poorly understood overall. Only a handful 
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of studies have attempted to estimate the prevalence of women with breast implants, all 

conducted prior to the 1992 Food and drug Administration (FDA) moratorium restricting 

silicone implant use [1–3]. In the modern era, most available data regarding breast implants 

comes from annual statistics reports of the American Society of Plastic Surgeons (ASPS) 

[4]. While these reports provide insight into the number of breast procedures performed 

each year, they are insufficient for deriving meaningful epidemiological data. In addition, 

no published study has attempted to estimate the incidence of breast implants among US 

women nor have previous reports been able to clearly elucidate how the trends in reason 

for breast implant or implant type have varied over time. Therefore, the purpose of this 

population-based cohort study is to address this gap by examining the incidence of breast 

implants from 1964 to 2017, considering essentially the entire period of breast implant 

availability in the US. In addition, this study assesses how trends in breast implant type and 

reason have shifted over time, as well as how this relates to rupture, removal, and mortality 

outcomes.

Materials and Methods

Data Source

The population of Olmsted County, Minnesota serves as an excellent data source for 

investigating the epidemiology of breast implants due to the resources of the Rochester 

Epidemiology Project (REP). REP is a centralized medical record linkage system that 

provides ready access to records from all health care providers in the local area, uniquely 

enabling long-term population-based studies [5]. Institutional review board approval from 

Mayo Clinic and Olmsted Medical Center was obtained for this study.

Study population

All individuals with a breast implant procedure or diagnosis code between January 1, 1991 

and September 30, 2018 were identified. Medical records were then individually reviewed, 

and patients with first-time implants placed between January 1, 1992 and December 31, 

2017 were included in the study. Those who were not residents of Olmsted County, MN at 

the time of implant placement were excluded.

Implant type was classified as silicone, saline, or combined (i.e., dual-lumen implants with 

silicone and saline). Reason for implant was classified as cosmetic (e.g., breast hypoplasia, 

congenital breast asymmetry), breast cancer, prophylactic, or other/unknown. For patients 

who had more than one breast implant procedure, implant type and reason were classified in 

accordance with the first breast implantation.

This 1992–2017 cohort extended a previously identified cohort of Olmsted County, MN 

women with breast implants in January 1, 1964 to December 31, 1991 [6]. Combined 

implants were included in the silicone category for this cohort. Women in both cohorts 

were followed until death, migration, or last medical record. Throughout the manuscript, 

“women” refers to individuals assigned female at birth.
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Statistical analysis

Descriptive statistics were used to summarize the data. Chi-square and rank sum tests were 

used to compare characteristics between time periods. Age- and sex-specific incidence rates 

were calculated using the number of incident breast implantations as the numerator and 

REP census population counts as the denominator, adjusted to the US white female 2010 

population. To calculate 95% confidence intervals (CI), it was assumed incidence followed 

a Poisson distribution. Poisson regression models with smoothing splines were used to 

estimate trends in implant incidence over time. Annual incidence rates were illustrated using 

3-year centered, moving averages.

Mortality risk was determined using the Kaplan-Meier method. Standardized mortality ratios 

(SMR) and 95% CI were computed by comparing the observed number of deaths to the 

expected mortality for women of the same age and calendar year using Minnesota life tables. 

For the 1992–2017 cohort, cumulative incidence of first implant rupture and first implant 

removal were calculated (by individual, not by implant), adjusting for the competing risk of 

death and implant removal (rupture analysis only). Associations between implant ruptures 

and removals with implant reason, type, age, and calendar year were assessed using Cox 

proportional hazard models. Analyses were performed using SAS version 9.4 and R version 

4.0.3 (R Foundation for Statistical Computing).

Results

A total of 951 individuals with breast implants in 1992–2017 were identified. Of these 

individuals, three were assigned male at birth and were omitted. Adding to the 748 

women in 1964–1991, a total of 1696 Olmsted County, MN women were identified with 

a confirmed breast implantation in 1964–2017.

Table 1 shows the baseline characteristics of women with breast implants. Women with 

breast augmentations were notably younger than women with implant-based reconstructions 

(IBR) for cancer or prophylaxis (cosmetic (mean, SD): 32.5±8.0 years; cancer: 50.6±10.6 

years; prophylactic: 41.9±9.5 years). Women in both cohorts were more likely to have 

silicone implants and implants for cosmetic reasons, but this trend was less pronounced in 

later decades (1964–1991: 84.5% silicone/combined, 71.0% cosmetic; 1992–2017: 57.5% 

silicone/combined, 53.6% cosmetic). Among women with breast augmentations in 1992–

2017, implants were predominantly saline (65.9%), in comparison to those with IBRs during 

the same period, where most implants were silicone only (cancer: 77.1%; prophylactic: 

68.4%). In addition, 79% of IBR patients underwent two-stage reconstructions utilizing 

tissue expanders, with increased use of tissue expanders in the latter half of the study period 

(45% in 1992–2004 vs. 88% in 2005–2017).

Incidence of breast implants

The overall incidence of breast implants in 1964–2017 was 63.3 (95% CI 60.2–66.4) 

per 100,000 women (age-adjusted to US white female 2010 population). Incidence was 

highest in women aged 25–34 years (117.2 per 100,000) (Table 2). Incidence of breast 

implants peaked in the late 1970’s and 1980’s before dropping rapidly in the 1990’s (Figure 
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1a). Rates remained low until the early 2000’s when incidence steadily increased before 

plateauing around 2005, staying fairly consistent through the end of the study.

Incidence of breast implants by implant reason

The earliest cases of breast implantation in our study (1960’s) were for cosmetic reasons, 

with incidence increasing year after year for nearly a decade after 1970 (Figure 1b). Around 

1979, just as cosmetic implants reached an all-time high, the incidence of implants for 

cancer began climbing for the first time, eventually peaking and briefly overtaking as the 

top reason for implants around 1987. At the end of the 1964–1991 cohort, both cosmetic 

and cancer implant rates dropped rapidly, reaching extreme lows by 1993. However, the 

incidence of cosmetic implants recovered soon after, while implants for cancer remained low 

for over a decade. Around 2005, trends shifted once again as breast augmentations began 

decreasing and implants for cancer began increasing, eventually converging in 2008–2009. 

Since then, cancer remained the top reason for breast implants with increased margins over 

time, while the incidence of cosmetic implants continued to drop, reaching the lowest rates 

in over 20 years by the end of the study. Apart from the 1970’s, implants for prophylaxis 

remained the least common reason for breast implantation.

Incidence of breast implants by implant type

Silicone implants were more popular than saline implants throughout 1964–1991 (Figure 

1c); incidence grew rapidly in the 1970’s, peaking around 1980, but fell only a few 

years later. As the popularity of silicone implants waned, the incidence of saline implants 

grew, briefly surpassing silicone around 1990. However, rates for both types dropped soon 

thereafter. Saline use recovered quickly, overtaking as the top implant type for many years, 

before declining again around 2005. Around this time, silicone incidence, which had been 

significantly low for over a decade, began increasing and once again became the more 

popular implant type around 2007. Silicone use remained high through the end of the study, 

while saline use continued to drop, maintaining near-zero levels since 2010. In 2010–2017, 

only 4 women received saline implants.

Risk of mortality

The overall SMR for women with breast implants was 1.12 (95% CI 0.96–1.29) (Table 

3). Mortality risk was slightly greater in 1964–1991 vs. 1992–2017 (SMR 1.17, 95% CI 

0.99–1.38 vs. SMR 0.94, 95% CI 0.66–1.29), with a notably elevated risk among women 

who had implants for cancer in the earlier cohort vs. the later cohort (SMR 2.01, 95% CI 

1.59–2.51 vs. SMR 1.17, 95% CI 0.78–1.68). Cosmetic and prophylactic implant patients 

exhibited decreased mortality risks in both cohorts, particularly in 1992–2017 (cosmetic: 

SMR 0.66, 95% CI 0.27–1.36; prophylactic: SMR 0.40, 95% CI 0.05–1.45).

Risk of first implant rupture

In 1992–2017, risk of first implant rupture increased from 3.1% (95% CI 2.2–4.6) at 5 years 

to 15.9% (95% CI 12.1–20.8) at 20 years post-implant. IBR patients had a significantly 

elevated rupture risk vs. breast augmentation patients (cancer: hazard ratio [HR] 3.25, 95% 

CI 1.55–6.81; prophylactic: HR 3.99, 95% CI 1.86–8.53). Rupture risk for cancer and 
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prophylactic patients at 15 years was 18.7% (95% CI 12.8–27.4) and 23.5% (95% CI 13.8–

40.0), respectively, compared to 6.3% (95% CI 4.3–9.4) for cosmetic implants (Figure 2a). 

Risk of rupture by implant type did not reach significance (p=0.92); risk at 15 years was 

9.6% (95% CI 7.0–13.2) for saline, 14.5% (95% CI 7.5–28.1) for silicone, and 38.6% (95% 

CI 25.9–57.6) for combined (Figure 2b). There were no associations between rupture risk 

and calendar year or age at implant.

Risk of first implant removal

Of the 948 implant patients in 1992–2017, 209 had their first implant(s) removed during 

the available follow-up period, with 67% undergoing immediate implant exchange, 11% 

undergoing delayed implant replacement, and 22% opting for no implant replacement 

following removal. Risk of first implant removal increased from 13.2% (95% CI 11.1–15.6) 

at 5 years to 35.3% (95% CI 30.3–41.2) at 20 years post-implant, with a significantly 

increased risk among IBR patients vs. augmentation patients (cancer: HR 3.38, 95% CI 

2.19–5.24, p<.001); prophylactic: HR 4.26, 95% CI 2.68–6.76, p<.001). Removal risk for 

cancer and prophylactic patients at 15 years was 45.2% (95% CI 37.3–54.7) and 55.9% 

(95% CI 42.6–73.2), respectively, compared to 14.4% (95% CI 11.2–18.5) for cosmetic 

patients (Figure 2c). Risk of removal was not significantly different across implant types 

(p=0.78). Risk of removal at 15 years was 20.4% (95% CI 16.5–25.2) for saline, 45.0% 

(95% CI 30.6–66.1) for silicone, and 50.4% (95% CI 36.9–68.8) for combined (Figure 2d). 

There were no associations between removal risk and calendar year or age at implant.

Reasons for implant removal

Reasons contributing to implant removal were either functional or cosmetic, with 

some removals involving multiple complications in one or both categories. Functional 

complications included pain/discomfort (29.2%), capsular contracture (29.7%), rupture/

deflation (26.3%), infection/wound dehiscence/inflammation (13.9%), and breast cancer/

prophylaxis (5.3%). Cosmetic complications, such as asymmetry or malposition, played a 

role in 50.7% of removals. There were 18 patients who had implants removed for unknown 

reasons or reasons unrelated to the above complications (e.g., request to remove implants 

with textured coating or to change implant size with no other complications). Patients 

with combined or saline implants were more likely to have rupture listed as a reason for 

removal than patients with silicone implants (combined: HR 1.94, 95% CI 0.55–6.86; saline: 

HR 1.70, 95% CI 0.64–4.53). Cancer and prophylactic patients were more likely to have 

infection, wound dehiscence, or inflammation listed as a reason for removal than cosmetic 

patients (p=0.010; HR: 16.60, 95% CI 1.98–138.92).

Discussion

Incidence of breast implants

To our knowledge, this is the first study to investigate the incidence of breast implants 

in the US over nearly the entirety of their existence. Overall, the variation in incidence 

correlates with notable changes in the perceptions and policies of breast implants over 

the years (Supplementary Figure 1). In the 1980s, anecdotal reports linking silicone breast 

implants with systemic conditions may account for the fluctuating rates seen during this 
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time. In 1992, the FDA placed a moratorium on the use of silicone implants for breast 

augmentations [7], reasonably corresponding to a significant drop in incidence. However, 

implant rates began to increase around 2000 despite no changes to the FDA policy, and 

when the moratorium was lifted in 2006, incidence for implants of all types and reasons 

remained largely unchanged, never again reaching the high rates seen in the late 1970’s and 

1980’s. Possible explanations for these trend variations are further discussed in the following 

sections.

Incidence of breast implants by reason

While implants for cosmetic reasons initially dominated, the incidence of IBR for cancer 

began increasing around 1980, likely related to advancements that increased the utility 

of implants in reconstructions (e.g., tissue expanders, dual-lumen implants) [8, 9]. In 

addition, breast cancer incidence increased in the 1980s due to an increase in mammography 

screenings [10].

Following the drop in incidence in the early 1990’s, seemingly spurred by increased media 

attention and impending FDA action, cosmetic implant use recovered quickly while IBR for 

cancer remained low for over a decade. Perhaps, women with a recent cancer history were 

more wary of the controversies surrounding implants and thus less likely to seek IBR. The 

sustained low incidence also corresponds with a near 13% drop in invasive breast cancer 

rates in 1999–2004 [11]. However, incidence of IBR for cancer began increasing around 

2004, reaching all-time highs in recent years. The explanation behind this marked growth 

is likely multifactorial. First, the Women’s Health and Cancer Rights Act, implemented in 

1998, required insurance payers to cover breast reconstruction following mastectomy [12]. 

As a result, IBR grew 11% per year from 1998 to 2008 [13]. Importantly, this growth 

coincided with an increase in bilateral mastectomies [13], as it was found that women with 

a bilateral mastectomy were more than twice as likely to seek reconstruction than women 

with a unilateral mastectomy [14]. The increased preference for bilateral mastectomy may 

be linked to patient overestimation of future cancer risk and desire to achieve “peace 

of mind” [15–17]. Another factor fueling the rise in IBR has been the shift away from 

autologous breast reconstruction, likely attributable to declining reimbursements for these 

more complicated procedures [18–22].

In contrast to the rise in IBR, breast augmentation rates continually declined in the last 

10–15 years of the study. Considering the steadily increasing US population, ASPS data is 

concordant with this finding [4]. The decline in breast augmentations may be related to the 

increase in obesity among Americans, as women with a higher body mass index may be less 

likely to undergo breast augmentation [23–28] and may also be poorer candidates for breast 

procedures due to an increased risk of complications [29–31]. In addition, reports on the 

connection between breast implants and anaplastic large cell lymphoma, first noted in 1997 

[32], have continued to surface [7, 33–37], likely precipitating the decline in recent years.

Incidence of breast implants by type

Except for the era covered by the FDA moratorium, the incidence of silicone implants was 

greater than saline for the majority of the study. Despite the controversy of silicone implants, 
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they tend to mimic the consistency and weight of natural breast tissue better than saline 

[38, 39]. Surgeon preferences have likely also played a role, as one study found the second 

most important factor in a patient’s decision between silicone and saline was the physician’s 

explanation of the differences [40].

Risk of mortality

SMR was elevated in 1964–1991 vs. 1992–2017, seemingly due to the increased mortality 

among cancer patients in the earlier cohort. This aligns with expectations, as US breast 

cancer mortality improved considerably between the two eras with an estimated 30% 

decrease from 1980 to 2014 [41]. The mortality benefits seen among cosmetic and 

prophylactic women may be linked to healthier lifestyles or higher socioeconomic status 

[42, 43]. Overall, the variation in mortality risk more likely reflects differences in the 

populations of women with implants over time rather than differences in the safety of 

implants.

Risk of implant rupture

Consistent with prior reports [44–51], cumulative risk of implant rupture at 5 years was 

3.1%, with a higher risk among IBR vs. augmentation patients. A major factor leading 

to implant rupture is iatrogenic damage during operations [52], and given IBR patients 

have a known increased risk of reoperation [28, 45, 47, 49–51, 53], this may explain their 

elevated rupture risk. Although the differences did not reach significance, patients with 

combined implants appeared to have an increased risk of rupture vs. those with silicone 

and saline implants. With one exception, all women with combined implants were cancer or 

prophylactic patients. Therefore, rupture risk for combined implants may be inflated due to 

their near-exclusive use in IBR or vice versa.

Risk of implant removal

Consistent with prior reports [28, 45, 46, 48, 49, 54], cumulative risk of implant removal at 

5 years was 13.2%, with a higher incidence among IBR vs. augmentation patients. Given 

the elevated rupture risk among IBR patients, the increased risk of removal is not surprising. 

Although the difference was nonsignificant, removals of saline implants were lower than 

silicone and combined implants, but again, this may be confounded due to the relationships 

between implant type and reason.

Reasons for implant removal

Cosmetic complications contributed to over half of implant removals, which was expected 

given appearance issues can accompany a host of functional implant complications. In prior 

studies [45, 47, 49, 55–58], request for implant size/style change was a top reason for 

implant removal. In our study, patients rarely requested reoperation to change implant size/

style without also citing an objective functional or cosmetic concern, potentially suggesting 

it may be easier for women (and/or their surgeons) to justify reoperation on the basis of 

addressing a complication.

Capsular contracture and rupture are two significant complications of breast implants, 

as they often necessitate reoperation or implant removal; prior studies reported similar 
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frequencies of these complications leading to explantation [47, 51, 59]. Patients with 

removal of saline implants were more likely to have rupture as a reason for removal 

than patients with removal of silicone implants, likely due to saline ruptures being more 

readily detectable. IBR patients with removals were more likely to have infection, wound 

dehiscence, or inflammation as a removal reason than cosmetic patients, which is concordant 

with previous reports [28, 31, 45, 47–49, 53, 60, 61].

A notable strength of this study includes the usage of REP to identify all cases of 

breast implants in Olmsted County, followed by verification via comprehensive medical 

record review, eliminating referral bias. However, this study is not without limitations. The 

population of Olmsted County is predominately white and most procedures took place 

at Mayo Clinic, an academic medical center, potentially limiting generalizability to more 

diverse populations and other providers, respectively.

In conclusion, this study documents the changes in breast implant incidence among women 

from 1964 through 2017, emphasizing the shifting trends in implant reason and type. The 

results may provide further insight regarding how risks of adverse outcomes associated with 

implants may vary, as discrepancies more likely indicate differences in the populations of 

women with implants over time rather than differences in the safety of implants. Lastly, this 

study provides a foundation for future research, as the identified cohort may be used for 

subsequent analyses investigating outcomes associated with breast implants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ASPS American Society of Plastic Surgeons

REP Rochester Epidemiology Project

CI confidence interval

IBR implant-based reconstruction

HR hazard ratio

SMR standardized mortality ratio
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Figure 1. 
Trends in age-adjusted breast implant incidence over time (a), by reason for implant (b), and 

type of implant (c). Silicone group includes silicone only and combined implant types.
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Figure 2. 
Cumulative incidence of first implant rupture by implant reason (a) and by implant type 

(b) in 1992–2017. Cumulative incidence of first implant removal by implant reason (c) and 

by implant type (d) in 1992–2017. Incidence for combined implants is shown separately; 

silicone incidence includes silicone implants only.
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Table 1.

Characteristics of Olmsted County, MN women with breast implants in 1964–2017

1964–1991 (n=748) 1992–2017 (n=948) 1964–2017 (n=1696) p value

Race/ethnicity, n (%) <0.001a

 American Indian 3 (0.4) 3 (0.3) 6 (0.4)

 Asian/Hawaiian/Pacific Island 9 (1.2) 45 (4.8) 54 (3.2)

 Black 0 (0.0) 8 (0.9) 8 (0.5)

 Hispanic/Latino 10 (1.4) 30 (3.2) 40 (2.4)

 White 710 (96.9) 821 (88.1) 1531 (92.0)

 Other/Mixed 1 (0.1) 25 (2.7) 26 (1.6)

 Unknown 15 16 31

Age at implant (years), mean (SD)

 All women 34.9 (10.5) 41.4 (12.4) 38.5 (12.0) <0.001a

  Cosmetic 30.8 (6.9) 34.3 (8.7) 32.5 (8.0) <0.001a

  Cancer 49.1 (11.0) 51.2 (10.3) 50.6 (10.6) 0.066a

  Prophylactic 39.7 (7.7) 43.9 (10.5) 41.9 (9.5) 0.007a

Type of implant, n (%) <0.001b

 Saline 116 (15.5) 398 (42.5) 514 (30.5)

 Silicone/Combinedc 632 (84.5) 539 (57.5) 1171 (69.5)

 Missing 0 11 11

Reason for implant, n (%) <0.001b

 Cosmetic 531 (71.0) 508 (53.6) 1039 (61.3)

 Cancer 125 (16.7) 339 (35.8) 464 (27.4)

 Prophylactic 92 (12.3) 99 (10.4) 191 (11.3)

 Other / Unknown 0 (0.0) 2 (0.2) 2 (0.1)

a
Kruskal-Wallis p-value

b
Chi-Square p-value

c
Includes silicone only and combined implant types. In 1964–1991, these were collected as a single category. In 1992–2017, these were collected 

separately (498 silicone only and 41 combined).
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Table 2.

Age-specific incidence rates of Olmsted County, MN women with breast implants in 1964–2017

Age N Incidence per 100,000 (95% CI)

14–24 167 30.4

25–34 615 117.2

35–44 444 103.5

45–54 289 79.3

55–64 130 47.0

65–74 43 22.2

75–84 8 6.1

85+ 0 0.0

Total 1696 63.3a(60.2, 66.4)

a
Age-adjusted to US white female 2010 population
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Table 3.

Risk of mortality among Olmsted County, MN women with breast implants

1964–1991 (n=748) 1992–2017 (n=948) 1964–2017 (n=1696)

Length of follow up (years), median (IQR) 30.8 (10.5, 37.0) 10.8 (5.7, 16.3) 14.4 (6.3, 30.0)

Number of deaths, O/E 148 / 126 38 / 41 186 / 167

SMR (95% CI) 1.17 (0.99, 1.38) 0.94 (0.66, 1.29) 1.12 (0.96, 1.29)

 Cosmetic, O/E 45 / 57 7 / 11 52 / 68

  SMR (95% CI) 0.79 (0.57, 1.05) 0.66 (0.27, 1.36) 0.77 (0.57, 1.01)

 Cancer, O/E 79 / 39 29 / 25 108 / 64

  SMR (95% CI) 2.01 (1.59, 2.51) 1.17 (0.78, 1.68) 1.69 (1.38, 2.03)

 Prophylactic, O/E 24 / 30 2 / 5 26 / 35

  SMR (95% CI) 0.81 (0.52, 1.20) 0.40 (0.05, 1.45) 0.75 (0.49, 1.10)

a
O/E, observed number of deaths / expected number of deaths; SMR, standardized mortality ratio
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