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Abstract

OBJECTIVES—The purpose of this study was to assess the benefit of primary prevention 

implantable cardioverter defibrillators (ICDs) in women.

BACKGROUND—Clinical trials of primary prevention ICDs enrolled a limited number of 

women.

METHODS—Using a propensity score method, we matched 490 women ≥65 years of age who 

received an ICD during a hospitalization for heart failure in the National Cardiovascular Data 

Registry ICD Registry from January 1, 2006, through December 31, 2007, to 490 ICD-eligible 

women without an ICD hospitalized for heart failure in the Get With The Guidelines for Heart 

Failure database from January 1, 2006, through December 31, 2009. The primary endpoint was 

all-cause mortality obtained from the Medicare Claims Database. An identical analysis was 

conducted in men.

RESULTS—Median follow-up for patients with an ICD was 4.6 years versus 3.2 years for 

patients with no ICD. Compared with women with no ICD, those with an ICD were younger and 

less frequently white. In the matched cohorts, the survival of women with an ICD was 
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significantly longer than that of women without an ICD (adjusted hazard ratio: 0.79, 95% 

confidence interval: 0.66 to 0.95; p = 0.013). Similarly, men with an ICD had longer survival than 

men without an ICD (adjusted hazard ratio: 0.73, 95% confidence interval: 0.65 to 0.83; p < 

0.0001). There was no interaction between sex and the presence of an ICD with respect to survival 

(p = 0.44).

CONCLUSIONS—Among older women with left ventricular dysfunction, a primary prevention 

ICD was associated with a significant survival benefit that was nearly identical to that seen in 

men. These findings support the use of primary prevention ICDs in eligible patients regardless of 

sex.
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heart failure; implantable cardioverter-defibrillator; mortality; primary prevention; women

Randomized clinical trials demonstrating a benefit of primary prevention implantable 

cardioverter-defibrillators (ICDs) comprised only 10% to 30% women (1–4). This lack of 

trial information, in part, led some to question whether primary prevention ICDs are 

beneficial in women; however, ICD recommendations in practice guidelines make no 

distinction between women and men (5,6). Studies have subsequently demonstrated 

substantially lower use of primary prevention ICDs in women seen in clinical practice (7,8). 

This disparity is likely multifactorial and may be in part caused by the lack of definitive data 

on the survival benefit of ICDs in women. Indeed, various retrospective and post-hoc 

analyses of existing trial data have produced conflicting results (9–14).

A Canadian registry–based study of a combined primary and secondary prevention ICD 

population demonstrated a wide sex differential in referrals for ICD but similar survival 

rates among men and women with an ICD (15). In addition, a recent single-center study 

matched men and women with ICDs by propensity score and found that mortality benefit 

was similar (16). Other comparisons of the mortality benefit associated with ICDs between 

men and women have reached similar conclusions (17,18). However, to date, there has been 

no large multicenter analysis comparing survival in eligible women with and without a 

primary prevention ICD. Although ideally one would conduct an adequately powered 

randomized clinical trial to address this specific question, such a trial is highly unlikely 

because of the associated cost and ethical challenges.

Therefore, this analysis of women in the National Cardiovascular Data Registry (NCDR) 

and American Heart Association (AHA) Get With The Guidelines–Heart Failure (GWTG-

HF) database was conducted to examine the survival difference between women with a 

primary prevention ICD and eligible women with no ICD. Indeed, one of the primary goals 

of the NCDR is to determine whether the randomized controlled trial findings can be applied 

to subpopulations of interest, including women (19).
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METHODS

DATA SOURCES

Data for this investigation were acquired from 3 sources: the NCDR ICD Registry, the 

GWTG-HF database, and the Centers for Medicare & Medicaid Services (CMS). The 

NCDR ICD Registry and the GWTG-HF database have been described previously (7,20,21). 

The ICD Registry was launched in 2005 by the American College of Cardiology and the 

Heart Rhythm Society to meet a CMS mandate that requires submission of data on all 

Medicare beneficiaries receiving a primary prevention ICD, but a large majority of 

participating hospitals submit data on all ICD implants. Data are submitted to the ICD 

Registry via a secure website and then undergo rigorous electronic quality checks. Formal 

auditing demonstrates that data within the NCDR accurately represent data from medical 

charts (22). In the most recently available audit data, the raw accuracy of data abstraction for 

the ICD Registry was 91.2%.

The GWTG program began in 2000 as a voluntary data collection and hospital-based quality 

improvement initiative. The HF module originated in March 2005 (23). Data quality is 

monitored via automated checks and site visits to ensure completeness and accuracy; only 

fully participating hospital sites are used in the analyses. Formal auditing of sample records 

showed a very high data quality against medical record sources (24). Quintiles Inc. 

(Durham, North Carolina) serves as the data collection (through their Patient Management 

Tool [PMT]) and coordination center for the AHA/American Stroke Association GWTG 

programs. The Duke Clinical Research Institute (Durham, NC) serves as the data analysis 

center and has an agreement to analyze the aggregate deidentified data for research 

purposes. Data include demographic and clinical characteristics, comorbidities, previous 

therapies and interventions, contraindications to evidence-based therapies, and in-hospital 

outcomes. Data on ICD therapy include whether an ICD was present on admission, was 

implanted during the index hospitalization, or was planned after hospital discharge; 

contraindications to ICD therapy; and any reason documented by a physician for not 

implanting an ICD during the index hospitalization. Patients enrolled in the GWTG-HF 

program have previously been shown to be representative of the Medicare population (25).

Medicare data include inpatient and outpatient claims and the corresponding denominator 

files for 2005 through 2011. We linked the registry data to Medicare claims data using a 

validated method that uses combinations of indirect identifiers (26).

STUDY POPULATION

The ICD group (from the Registry) consisted of all women who received a primary 

prevention ICD during a hospitalization for HF from January 1, 2006, through December 31, 

2007, who were ≥65 years of age and whose primary insurance was Medicare (n = 3,195). 

We excluded records of patients with no documented left ventricular ejection fraction 

(LVEF) (n = 23) and patients with a contraindication to an ICD (n = 1,245), including recent 

onset of HF, recent myocardial infarction or coronary artery bypass grafting, or class IV HF 

symptoms. We further excluded patients with an LVEF >35% (n = 50) and patients who 

received a secondary prevention ICD (i.e., implanted for ventricular fibrillation, spontaneous 

Zeitler et al. Page 3

JACC Heart Fail. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sustained ventricular tachycardia, or inducible sustained ventricular tachycardia on 

electrophysiological testing; n = 79), an ICD with cardiac resynchronization therapy (CRT) 

(n = 1,129), or device replacements (n = 22). After these exclusions, 647 records remained 

from the ICD Registry group.

The initial group without ICDs (from GWTG-HF) included women in the GWTG-HF 

database hospitalized for HF from January 1, 2005 through December 31, 2009, who did not 

receive an ICD and were ≥65 years of age and whose primary insurance was Medicare (n = 

26,273). Patients who received an ICD at any point during the time period containing the 

ICD implants used in this analysis (2006 to 2007) and who were recorded in the Registry 

were counted in the group with ICDs rather than GWTG-HF (n = 6). We excluded from the 

analysis records of patients who had new-onset HF (n = 2,450); patients with no documented 

LVEF (n = 4,603) or whose LVEF was >35% (n = 14,484); patients who left against 

medical advice (n = 17); patients transferred to another acute care facility (n = 119); and 

patients discharged to hospice, a skilled nursing facility, or a rehabilitation center (n = 

1,611). We also excluded records of patients with a contraindication or other reason 

documented by a physician for not receiving an ICD, including recent onset of HF, recent 

myocardial infarction or coronary artery bypass grafting, class IV HF symptoms, and no 

reasonable expectation of survival for at least 1 year (n = 519). After these exclusions, 2,920 

records remained for analysis from the GWTG-HF group.

After the above exclusions, qualifying records were then matched with enrollment files and 

inpatient claims from the CMS data to identify unique patients as described above. These 

files included information on all fee-for-service Medicare beneficiaries 65 years of age or 

older who were hospitalized for a diagnosis of HF (International Classification of Diseases-

Ninth Revision-Clinical Modification 428.x, 402.x1, 404.x1, and 404.x3). Patient data in the 

registries were merged with Medicare Part A inpatient claims, with matching by admission 

and discharge dates, date of birth, sex, and hospital. Of the 3,567 hospitalizations of patients 

≥65 years of age, we matched 3,386 to fee-for-service Medicare claims. Only the first 

hospitalization for each patient among matching records was selected; for patients who 

appeared in both registries, the ICD Registry record was retained. As a result, our analysis 

included 3,171 unique Medicare patients, 496 in the ICD Registry, and 2,675 in GWTG-HF.

The same process was used to obtain a study sample of men. The initial group of men from 

the Registry included all men who received a primary prevention ICD during a 

hospitalization for HF from January 1, 2006, through December 31, 2007, who were at least 

65 years of age and whose primary insurance was Medicare (n = 7,129). Exclusions were 

applied in the same manner as for women (n = 1,373). The initial group of men from 

GWTG-HF included men hospitalized for HF from January 2, 2005, through December 31, 

2009, who did not receive an ICD and were at least 65 years of age and whose primary 

insurance was Medicare (n = 18,976). After exclusions as above, 3,856 records remained for 

men. After matching, 4,527 unique male patients remained, including 1,064 from the 

Registry and 3,463 from GWTG-HF.
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OUTCOMES

All-cause mortality was the primary outcome. Medicare claims data through December 31, 

2011, were used to determine vital status. Patients with no record of death in the claims data 

were considered alive as of December 31, 2011, or the date on which the patient was no 

longer enrolled in Part A and Part B fee-for-service Medicare, whichever came first.

STATISTICAL ANALYSIS

We compared baseline characteristics of women with and without ICDs using the chi-square 

test for categorical variables and the Wilcoxon rank sum test for continuous variables. 

Summary statistics are reported as percentages for categorical variables and as medians and 

25th and 75th percentiles for continuous variables. Any variables with missing values in 

≥15% of patients in either group were excluded from further consideration in the analysis. 

The standardized difference between groups for each variable was defined as the absolute 

value of the difference in group means or proportions, divided by the average standard 

deviation and expressed as a percentage.

Baseline characteristics of patients with and without ICDs were expected to be quite 

different; this was confirmed with preliminary examination of the data. Therefore, a 

matching process was planned and employed using the Rosenbaum and Rubin method to 

derive a set of patients without ICDs similar to the sample of patients with ICDs (the smaller 

group) (27). After accounting for missing values, propensity models were built for men and 

women using baseline characteristics deemed to be potentially clinically significant, then 

patients with ICDs were matched 1:1 to patients without ICDs (Online Appendix).

A Cox proportional hazards model was used to evaluate the association of the presence of an 

ICD with the risk of all-cause mortality among the matched patients. The model included all 

women and men, a term for sex, and a term for the interaction between sex and presence of 

an ICD. The model also contained as covariates all baseline variables used in the matching 

model, to control for any residual confounding, and was stratified by quartile of propensity 

score. A robust sandwich variance estimator was used in the Cox models to account for 

correlation among patients at the same hospital. The proportional hazards assumption for the 

ICD term was assessed and determined to have been met. Risk relationships are expressed as 

hazard ratios (HRs) with 95% confidence intervals (CIs) within the subgroups of women and 

men, derived from the Cox model. The interaction term tests whether these 2 HRs are 

different. Mortality rates at 1 and 3 years are presented both as unadjusted Kaplan-Meier 

estimates and as adjusted rates derived from the Cox model. Differences were declared to be 

statistically significant at p < 0.05, and all statistical tests were 2-sided. For all analyses, 

SAS version 9.2 (SAS Institute) was used.

RESULTS

BASELINE CHARACTERISTICS

The baseline characteristics of patients from the ICD Registry and GWTG-HF database 

(patients without an ICD) before matching are shown in Table 1. Compared with women in 

the group with ICDs, women in the group without ICDs were older and more frequently 
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white. Diabetes, hypertension, and atrial arrhythmias were less common in the group 

without ICDs before matching. The patients with ICDs had a lower LVEF and a lower 

systolic blood pressure. Rates of medical therapy with calcium channel blockers and statins 

also differed between groups.

Baseline characteristics in men for a similar analysis were different before matching (Online 

Table). Men without ICDs were older and more frequently white; they had different 

prevalences of diabetes and hypertension. Rates of medical therapy with calcium channel 

blockers, diuretic agents, and statins also differed between the 2 groups.

After matching, the group characteristics became similar for women and men. Baseline 

characteristics in the matched groups are shown in Table 1 and Online Table, respectively. 

The <10% absolute standardized difference in all included variables indicates that our 

matching was similarly effective for men and women (Figure 1, Online Table). On average, 

matched women were 75 years of age, and most were white. Mean LVEF was 25%, and the 

cause of HF was ischemic in two-thirds of the patients. Most patients were undergoing 

guideline-recommended medical therapy for HF, including beta-blockers (87% vs. 87%) and 

angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (74% vs. 73%). 

The proportions of patients in each group with diabetes, hypertension, and/or history of 

atrial arrhythmia were not different. A similar analysis of baseline characteristics in men 

before and after matching was performed (Online Table). At a significance level of 0.05, no 

measured variable was significantly different between groups for men or women. The c-

index was 0.78 for the propensity model in both men and women.

MORTALITY

During a median follow-up of 4.6 years, 286 matched women with ICDs died, and during a 

median follow-up of 3.1 years, 273 matched women without ICDs died (Table 2). For men 

with ICDs, during a median follow-up of 4.4 years, 582 matched men died, and 601 matched 

men without ICDs died during a median follow-up of 3 years (Table 2). As Table 2 and 

Figures 2 and 3 demonstrate, the mortality difference between the 2 groups of women was 

evident early, with adjusted mortality at 1 year of 21.7% in the patients with ICDs and 

28.3% in the patients without ICDs, and this difference was maintained throughout the 

course of follow-up, with adjusted mortality at 3 years of 44.3% in the group with ICDs and 

54.5% in the group without ICDs (Figures 2 and 3). Overall, the hazard of mortality in 

women with an ICD was significantly lower than that of matched patients without an ICD 

(HR: 0.79, 95% CI: 0.66 to 0.95; p = 0.013). Likewise, men with an ICD (in the ICD 

Registry) had a significantly lower risk of death than matched men with no ICD (in the 

GWTG database; HR: 0.73, 95% CI: 0.65 to 0.83; p < 0.0001) (Table 2). A test for 

interaction suggested no interaction of sex with the presence of an ICD in relation to 

mortality risk (p = 0.44).

Outcomes were examined by age tertile (Table 3). Tertile cutoffs were slightly different for 

men and women, reflecting a small shift in women from patients in their late 60s to patients 

in their 70s. We further tested for a 3-way interaction between sex, age (by tertile), and the 

presence of an ICD in relation to mortality risk. This showed no interaction (p = 0.55).
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DISCUSSION

In this analysis, we found that among older women with depressed LVEF hospitalized for 

HF, implantation of a guideline-supported primary prevention ICD was associated with a 

significant survival advantage, similar in magnitude to that seen in men. The adjusted HR 

for mortality in the group with ICDs compared with the group without ICDs in our study 

was 0.79 for women and 0.73 for men. These adjusted HRs are consistent with results 

observed in randomized clinical trials that support the use of primary prevention ICDs in HF 

patients (1,4). Unlike what was observed in those clinical trials, in our study, the survival 

curves for women with an ICD versus women with no ICD separated early, likely because 

of the higher event rates in our population (1,2). Indeed, the mortality rates in follow-up of 

both groups in this analysis were higher than those seen in randomized clinical trials. There 

are several potential explanations for this finding. All patients in this analysis were 

necessarily identified on the basis of an HF hospitalization, a well-established marker of 

poor health with a related increase in mortality in Medicare beneficiaries (28). In addition, 

the cohorts in our analysis were, on average, more than 10 years older than those studied in 

randomized clinical trials. This is why we looked for an interaction between age, sex, and 

ICD, which was not significant. This high p value supports the conclusion that if an 

interaction exists between age and the presence of an ICD in relation to mortality risk, it is 

consistent across sexes.

The age distribution in our analysis accurately reflects clinical practice. A report of the 

NCDR ICD Registry from 2010 and 2011 revealed that the average age of ICD recipients 

was 67.3 ± 13 years (including adult and pediatric patients). When examined by age decile, 

the largest group was those 70 to 79 years of age, who constituted 30.2% of all those who 

received implants (29). Moreover, patients undergoing primary prevention ICD implantation 

in clinical practice are known to have a higher burden of comorbidities than their 

counterparts in randomized controlled trials, especially when performed in the setting of an 

unplanned hospitalization (30,31). Therefore, the baseline mortality risk in our analysis was 

relatively high compared with that observed in randomized clinical trials, and the 

appropriateness of ICD implantation must be carefully considered on an individual basis.

Retrospective examination of the subgroup of women enrolled in randomized clinical trials 

of primary prevention ICDs has not shown a mortality benefit. A 2009 meta-analysis that 

pooled data from 5 studies with a total of 934 women concluded that women derived no 

mortality benefit from primary prevention ICDs (10). A second meta-analysis of primary 

prevention ICD trials came to a similar conclusion; although the hazard of death was lower 

in women with ICDs, the result was not statistically significant (13). However, subsequent 

retrospective studies and subgroup analyses have contradicted this finding (17,18). Although 

this controversy may have contributed to lower rates of ICD implantation in women relative 

to men in clinical practice (32), higher LVEF and older age in women than men with HF are 

more likely reasons for this difference. Indeed, the benefit of primary prevention ICDs in 

women has generally been assumed, and there has been insufficient equipoise to justify a 

clinical trial that randomizes women to an ICD versus no ICD. In the absence of such a trial, 

comparative effectiveness research such as ours could help inform clinical decision making.
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Clinical trials are frequently underpowered to establish an effect in women. Ideally, the use 

of ICDs in women for primary prevention in HF would be supported by rigorously collected 

data from randomized clinical trials. However, randomized clinical trials establishing the 

benefit of primary prevention ICDs have enrolled insufficient women to establish benefit for 

this subgroup. Reasons for this insufficiency are likely multifactorial, including the fact that 

women are more likely to decline enrollment in clinical trials, and in the case of HF, women 

are less likely than their male counterparts to have reduced LVEF.

STUDY LIMITATIONS

One potential limitation of our analysis is residual confounding by variables not captured in 

our analysis. For example, we could not adjust for hospital setting because of the small 

overlap between GWTG-HF and NCDR-ICD participating hospitals. Additionally, New 

York Heart Association functional class was not available for this analysis. Despite the 

dynamic and subjective nature of this variable, it may be a potential confounder. All 

variables that were available in both datasets that may be surrogates for HF severity were 

included: LVEF, systolic blood pressure, and prior atrial arrhythmias (Table 1). The source 

of data for the non-ICD population was hospitals that participated voluntarily in the GWTG-

HF for quality improvement. As such, patients who qualified for a primary prevention ICD 

but did not receive one may have had a comorbid condition not captured in our analysis that 

made them both at higher risk for mortality and less appropriate for ICD implantation. Also, 

we excluded patients who received a CRT device. Primary prevention ICD trials were 

conducted at a time before CRT was widely implemented, so some patients who would now 

be eligible for CRT were included in those trials. Their exclusion from our analysis may 

result in some selection bias for healthier patients with fewer competing mortality risks. 

Additionally, we relied on a propensity score approach to match groups, which resulted in 

the exclusion of variables with excessive missing values (e.g., blood urea nitrogen and 

creatinine) and patients who were too dissimilar to match, which may have excluded certain 

patients with higher burden of disease (e.g., persons who did not survive to receive an ICD). 

Because this analysis was limited to a Medicare population hospitalized for HF, there is 

reduced generalizability of our findings, especially to younger patients and those in different 

care settings. Thus, our findings may not apply to all women seen in clinical practice. Our 

analysis was based on data collection from the ICD Registry and the GWTG-HF database, 

as well as Medicare coding data. Inaccuracies in data entry or Medicare coding could 

influence our results. Finally, this study could not analyze nonfatal complications of ICD 

device implantation, inappropriate shocks, quality of life, health status, and other outcomes 

that may be important in the evaluation of the use of ICD therapy.

CONCLUSIONS

In this propensity-score matched analysis of eligible older women, those who underwent 

implantation of a primary prevention ICD during hospitalization for HF had a significantly 

longer survival than those who did not receive an ICD. This survival benefit appeared within 

the first year and continued throughout follow-up. The survival of women with an ICD 

closely matched that of men who received this device. Ideally, the benefits of primary 

prevention ICDs in women would be confirmed with a randomized clinical trial, but until 
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such time, these data support the existing ACC/AHA/HRS guideline recommendation for 

ICD use among all eligible patients regardless of sex.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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For an expanded Methods section and a supplemental table, please see the online version of 

this article.
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FIGURE 1. Standardized Differences in Baseline Characteristics of Women Before and After 
Matching
Before propensity score matching, the groups of women with and without an implantable 

cardioverter-defibrillator differed by more than 10% on 9 variables. After matching, these 

groups became more similar, with less than a 10% standardized difference on all included 

variables. (Only variables used in propensity model and matching are included. Values 

imputed for the purpose of the matching process are omitted.) ACE-i/ARB = angiotensin-

converting enzyme inhibitor/angiotensin II receptor blocker; BP = blood pressure; Ca 

blocker = calcium channel blocker; EF = ejection fraction; Hx AF = history of atrial 

fibrillation.
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FIGURE 2. Unadjusted Kaplan-Meier Estimates of Mortality for Women With and Without an 
ICD
The unadjusted cumulative risk of death in women with an implantable cardioverter-

defibrillator (ICD) was less than that of women without an ICD. This difference was evident 

at 1 year and persisted throughout the course of follow-up.
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FIGURE 3. Adjusted Mortality Rates for Women With and Without an ICD
After multivariable adjustment for baseline characteristics listed in Table 1, the cumulative 

risk of death in women with an implantable cardioverter-defibrillator (ICD) was less than 

that of women without an ICD. At 1 year, mortality was 21.7% in the women with an ICD 

and 28.3% in the women without an ICD. At 3 years, adjusted mortality was 44.3% in the 

women with an ICD and 54.5% in the women without an ICD.
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TABLE 2

Results of Mortality Analyses of ICD Use in Eligible Women and Men

Women Men

ICD (Registry) No ICD (GWTG-HF) ICD (Registry) No ICD (GWTG-HF)

N 490 490 983 983

Follow-up duration among survivors, yrs

 Median 4.6 3.1 4.4 3.0

 25th, 75th percentiles 4.0, 5.1 2.0, 4.3 2.5, 5.0 2.1, 4.1

 Minimum, maximum 0.027, 5.8 0.014, 6.9 0.014, 6.0 0.030, 6.6

Total deaths 286 273 582 601

Mortality rate (95% CI) at 1 yr 23.7% (20.1–27.8) 27.4% (23.6–31.6) 22.8% (20.3–25.6) 30.1% (27.3–33.1)

Mortality rate (95% CI) at 3 yrs 46.0% (41.5–50.7) 53.8% (49.1–58.6) 47.0% (43.8–50.3) 56.9% (53.6–60.2)

Mortality rate (95% CI) at 3 yrs among 1-yr 
survivors

29.2% (24.7–34.4) 36.4% (31.1–42.3) 31.3% (28.0–35.0) 38.3% (34.5–42.5)

Adjusted mortality rate at 1 yr 21.7% (21.2–22.2) 28.3% (27.7–28.8) 23.5% (23.2–23.9) 30.5% (30.1–31.0)

Adjusted mortality rate at 3 yrs 44.3% (43.5–45.1) 54.5% (53.7–55.3) 47.3% (46.7–47.9) 57.7% (57.1–58.3)

Adjusted HR (95% CI) for ICD vs. no ICD 0.79 (0.66–0.95) 0.73 (0.65–0.83)

p Value for HR 0.013 < 0.0001

p Value for interaction of sex with ICD 0.44

CI = confidence interval; GWTG-HF = Get With The Guidelines for Heart Failure; HR = hazard ratio; ICD = implantable cardioverter-
defibrillator.
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TABLE 3

Age Tertiles by Sex

Women Men

Tertile Range (yrs) N Tertile Range (yrs) N

65–72 344 65–71 679

73–78 306 72–78 657

79–92 330 79–99 630
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