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BACKGROUND: Studies on intact abdominal aortic aneurysms mainly focus on treated patients, and data on untreated patients
are sparse. The objective was to investigate sex differences among untreated patients regarding rupture and mortality rates
and to determine predictors for these events. Sex-specific causes of death were evaluated.

METHODS AND RESULTS: All patients >40 years diagnosed from 2001 to 2015 (n=32 393) with intact abdominal aortic aneurysms
were identified in national registries; 60% (n=19 569) were untreated. Comorbid loads, crude rupture, and mortality rates were
assessed. Predictors of 5-year rupture and mortality were analyzed in Cox models (sex, age, comorbidities, income, and mari-
tal status). The proportion of men and women with multiple comorbidities was similar. Within 5 years, 798 ruptures occurred
(9.7% women versus 6.9% men, P<0.001). Ruptures were independently predicted by female sex (hazard ratio [HR], 1.23; 95%
Cl, 1.07-1.42; P=0.004), chronic obstructive pulmonary disease (HR, 1.36; 95% ClI, 1.15-1.62; P<0.001), age (HR, 11.49; 95%
Cl, 5.68-23.25 for >80 years; P<0.001), and income (HR, 0.63; 95% CI, 0.53-0.75 for highest tertile; P<0.001). After 5 years,
56.5% women and 50.4% men were deceased. Mortality was not independently predicted by female sex. Rupture was the
third most common cause of death (11.9% women versus 8.7% men; P<0.001). The median time-to-events was 2.8 years.

CONCLUSIONS: A considerable proportion of patients with intact abdominal aortic aneurysms in surveillance remain untreated.
Despite surveillance algorithms, the healthcare system fails to prevent a high number of ruptures, especially among women.
The time-to-event data highlight the urgency to develop more individualized surveillance.
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permanent progressive widening of the infra-

renal aorta and can potentially rupture.! Intact
AAAs affect men and women by a 4 to 6:1 ratio,?
by contrast, the sex difference in the incidence of
ruptured aneurysms (rAAA) is known to be less pro-
nounced (2:1). This suggests that AAAs in women
may to a lesser degree be found or repaired when still
intact.>% Nearly all trend analyses on AAAs are lim-
ited to databases reporting on treated patients and,
thus, the risk profiles of the untreated cohort remain
unexplored.®*7-9 Several patient series that included

An intact abdominal aortic aneurysm (iAAA) is a

treated AAAs have withessed poorer survival among
women.'®~'® This exclusive reporting on treated pa-
tients poses a true challenge for healthcare strate-
gizing and resource allocation. For untreated intact
AAAs, data on risk profiles are limited to surveillance
studies on small AAAs'®'" or single-center experi-
ences'®?" as well as 1 meta-analysis®® depicting the
natural history of noneligible large AAAs. In a real-
world setting at any given vascular clinic, however,
the untreated cohort is heterogeneous and encom-
passes patients at all stages of standard AAA care
flow. Moreover, although survival and rupture-free
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CLINICAL PERSPECTIVE

What Is New?

e This population-based study on 32 393 patients
with intact abdominal aortic aneurysms defines
the high proportion (60%) of diagnosed but un-
treated patients in a nationwide setting.

e Although outcomes of treated women and men
have been extensively studied, the true sex-
specific risks of rupture and death among un-
treated patients in surveillance are unknown; the
rates of both rupture and death were higher for
female patients at all time points up to 5 years
after diagnosis.

e Female sex predicted rupture, but not death.
Ruptures were the third most common cause of
death among both sexes, and the median time
to both rupture and death was 2.8 years.

What Are the Clinical Implications?

e Untreated status is common among men and
women with intact abdominal aortic aneurysms
even after several years of surveillance.

e Despite standardized follow-up algorithms for
all patients, 7 out of 100 men and 10 out of 100
women had a rupture, equaling to a total of 798
ruptures during the first 5 years.

e The relatively short median time-to-events pro-
vides information that could improve the clinical
care trajectory for patients with abdominal aor-
tic aneurysms in surveillance.

Nonstandard Abbreviations and Acronyms

CDR
NPR

cause of death register
national patient register

survival of untreated AAAs have been investigated
in diameter strata,”1820.2223 gex-specific rupture
and mortality rates are lacking.'®?? For the female
patient, the event of rupture is even more detrimen-
tal, as women with rAAA face a higher risk of turn-
down.3#8715.24 \When treated for rAAA, outcomes for
women have been reported to be worse.3625

The nearly quadrupled risk of rupture for female
patients detected in the UKSAT (United Kingdom
Small Aneurysm Trial) including 1167 nonrandomized
patients'” and the RESCAN'® meta-analysis is often
cited. There was considerable interstudy variation to
the crude rupture rates, reflecting the risks of disparate
patient samples.

Accurate risk profiling of men and women with un-
treated iIAAAs is essential in an individualized and safe
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AAA management program and should include factors
besides the maximum aneurysm diameter. The pri-
mary objective of this study was to report possible sex
differences among surveilled but untreated patients
with AAA regarding their rupture and mortality rates
and to identify predictors for these fatal events. The
secondary objective was to determine sex-specific
causes of death.

METHODS

The Swedish Population, Health Care, and
Screening

The Swedish population reached 9.8 million in 2015
(50.0% women; Statistics Sweden?®). The average life
span for men and women is estimated at 80.7 and
84.1 years, respectively. There are 33 hospitals provid-
ing vascular care in the country.?” Hospital registries
thrive on the prevailing policy of mandatory reimburse-
ment, and arterial procedures are performed only
within the public healthcare sector.

A 1-time ultrasound screening program for AAAs
was selectively introduced among elderly men in
2006.%8 National coverage was reached in 2015 for
all 65-year-old men. Of all screening-detected AAAS,
60% to 70% measure less than 40 mm at primary
diagnosis.?-3°

A generalized algorithm with predefined imaging
protocols is used for the surveillance of all patients
irrespective of age, sex, smoking status, and other
patient-level factors. Most vascular services in Sweden
adhere to similar protocols, commonly with ultrasound
imaging (30-39 mm: 2- to-3-year interval, 40—44 mm:
1-year interval, 45—-49 mm: 6-month interval; at 50 mm
women are considered for surgery, >50 mm: 3- to 6-
month interval in men and some women, >55 mm sur-
gical evaluation).

Data Sources and Patient Cohort

The data set contained all unique cases of AAAs
(IAAA and rAAA) per definition of the International
Classification of Diseases, Ninth Revision and Tenth
Revision (ICD-9/ICD-10: 441E/I71.4, respectively, for
intact and 441D/171.3 for ruptured AAAs) in Sweden
between 2001 and 2015 (n=41 222). Swedish vascular
surgeons conform to the 30 mm threshold for AAA di-
agnosis.®! For all individuals, hospital episode data and
outpatient events had been extracted between 1995
and 2015 from the NPR (National Patient Register)
managed by the National Board of Health and Welfare.
Data on the cause of death were extracted from the
Swedish CDR (Cause of Death Registry).%? Patients di-
agnosed between 1995 and 1999 were excluded to
ensure that the index event indeed represented the
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first AAA event, and those diagnosed in 2000 were
excluded in order to collect complete annual data on
income before diagnosis. In total, 32 393 such peo-
ple were identified with a diagnosed iAAA at index.
Patients undergoing treatment during the study pe-
riod were analyzed (n=12 824) with regard to timing
of treatment to ensure a representative population of
untreated patients. Within 5 years, 92.4% and 91.7% of
all electively treated men and women, respectively, had
received treatment.

All patients with rAAA as index diagnosis were
excluded (n=7968) as were patients <40 years at di-
agnosis (n=7). A subset of patients (CDR) with iAAA
as a contributing cause of death (n=854) were ex-
cluded, as person-time at risk for rupture and death
was unknown.

Ruptures that occurred after the index event of IAAA
were identified from the NPR and the CDR (nonfatal
and fatal ruptures). Dates of rupture and death were
collected. Data on comorbidities (both primary and
contributing diagnoses) were extracted from the NPR
through /ICD codes and encompassed all entries up to
5 years before index.

Potential Predictors of Rupture and Death
Age, sex, comorbidities, disposable income, marital
status, and inclusion year were considered as poten-
tial predictors of rupture and death. Comorbidities
were divided into 5 major groups: cardiovascu-
lar/renal, chronic obstructive pulmonary disease
(COPD), malignancies, neurological disorders, and
diabetes mellitus. Cardiovascular/renal was defined
as a composite variable of cardiac and renal dis-
ease (including chronic ischemic heart disease, prior
myocardial infarction, history of coronary artery by-
pass graft surgery and/or heart failure, concomitant
thoracic aortic aneurysm, aortic dissection, and
renal failure). Malignancies include all subtypes of
malignant cancer. Stroke and dementia were classi-
fied as neurological disorders. Hypertension, hyper-
lipidemia, peripheral artery disease, and arrhythmia
were defined as “other” comorbidities. In the ab-
sence of all mentioned target comorbidities, the co-
morbidity status was marked as “none or unknown.”
The 5 comorbidity groups were incorporated into
further analyses and comorbid loads (accounting for
3 of the major groups: cardiovascular disease/renal
failure, COPD, any malignancy) were illustrated by
Venn diagrams.

Patient-specific socioeconomic data were acquired
from the longitudinal integrated database for health
insurance and labor market studies®® managed by
Statistics Sweden. Two variables were studied: an-
nual disposable income and marital status the year
before diagnosis. Disposable income for each patient
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denoted the weighted income based on consumption
units in the household. Next, an income tertile (low,
middle, high) was ascribed to each patient. Patients
were also subdivided according to married (married or
civil union), unmarried (never married or divorced), or
widowed marital status.

The Swedish personal identity number functions as
a person-specific identifier and can be used for link-
age of data from national registries.®* Personal identity
numbers were used by the National Board of Health
and Welfare to retrieve and match individual data and
to assemble the study population.

Causes of Death

Primary causes of death were collected from the CDR
and assessed for patients who died within 5 years after
iIAAA diagnosis. The proportion of deaths related to
each group of underlying causes was recorded and
ranked by sex.

Outcomes

The primary outcomes were aneurysm rupture
(whether fatal or nonfatal) and overall mortality within
5 years of iIAAA diagnosis among untreated men and
women. The secondary outcome was sex-specific
causes of death.

Control Analysis of Diameters in
Outpatient Setting

A complementary retrospective chart analysis was
performed in order to compare AAA diameters of
all women and men under surveillance at a vascular
department. Some 120 women diagnosed with an
AAA between January 2012 and December 2014 and
with follow-up at the Karolinska University Hospital
(Stockholm, Sweden) were consecutively included if at
least 2 imaging examinations were available. Similarly,
men were consecutively included from year 2012 on-
wards: 120 men were identified by July 2013. Details
on patient and aneurysm demographics were ex-
tracted from medical charts.

Ethical Considerations

The study was approved by the Regional Ethics
Committee in  Stockholm (registration number
2015/2108-31/5) and it was conducted in accordance
with the Helsinki Declaration. Informed consent was
not required because of the population-based design
including anonymized data only. The complementary
diameter analysis of outpatients was approved as
a regional student project (2013/1277-31/3). The re-
porting of this paper abides by the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) statement.
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Statistical Analysis

Categorical values are shown as numbers and per-
centages, continuous variables as means with SDs,
or medians with interquartile ranges. The Pearson’s
chi-square test was used for nominal compari-
sons; continuous comparisons used the Student’s
t test or Mann-Whitney U test where appropri-
ate. Distributions were assessed using histograms.
Temporal trends were described by 3-year periods
(2001-2003, 2004-2006, 2007-2009, 2010-2012,
2013-2015).

Crude rupture and mortality rates at 1, 3, and
5 years of follow-up were recorded for patients with
complete follow-up data. Crude survival and sur-
vival free from rupture within 5 years after diagnosis
were analyzed in sex strata using the Kaplan-Meier
method. Cox proportional hazards regression mod-
els were employed to examine the effect of each
predictor on the risk of rupture (regardless of out-
come) and death. Individuals were censored at a
positive outcome (rupture, death). In the model with
rupture as outcome, patients were censored at the
event of non-rupture-related death. In both models,
subjects were censored at 5 years of follow-up or
on December 31, 2015 irrespective of the preced-
ing time at exposure. Confounding was addressed
by adjusting for the following covariates: age (ana-
lyzed in 4 categories: <60, 60-69, 70-79, >80 years),
sex, comorbidity groups, disposable income, marital
status, and inclusion period. The Cox models were
then performed anew after excluding the primary tar-
get group of screening (all 65-year-old men detected
2006 or later). In the cause of death analyses, all pa-
tients deceased within 5 years were included regard-
less of year of index.

Null hypotheses were rejected at a 2-tailed P value
<0.05. The R programming environment version 3.6.3
(R Core Team [2020], R Foundation for Statistical
Computing, Vienna, Austria)®® was used for data pro-
cessing and statistical computing. Quasi-proportional
Venn diagrams were created using the nVenn algo-
rithm and interface provided in the nVennR-package
(version 0.2.1, published 2018-05-11).

RESULTS

Baseline Demographics and Comorbidity
Loads

Of all patients with an identified index event of IAAA
between 2001 and 2015, a majority remained un-
treated at the date of last follow-up (19 569 of 32 393
[60%)]). The proportion of women was lower among
treated compared with untreated patients (17% versus
23%). At baseline, untreated women were on average
3.1 years older compared with men (76.1 [8.5] years
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versus 73.0 [8.5] years, Table S1). Women were over-
represented in the lowest income tertile (52.4% women
versus 29.6% men). Female patients were more often
widowed (40.5% versus 11.5%).

The comorbid loads of untreated men and women
with iIAAAs are shown in Figure 1A and 1B. The pres-
ence of synchronous comorbidities (2 or more) was
equally common among men and women (15.9% for
men versus 15.3% for women, P=0.46). All 3 comor-
bidity groups were present in 1.8% men and 1.9%
women (P=0.64). Women more often suffered from
COPD, whereas single cardiovascular disease was
more common among men. The proportion of patients
with neither major comorbidities (5 groups) nor other
target conditions was 25.9% among men and 23.9%
among women.

Time-to-Event Data

The overall median times to rupture and death
among untreated women and men were 2.80 years
(interquartile range, 1.2-5.0) and 2.84 years (in-
terquartile range, 1.1-5.1), respectively. The dis-
tributions of time to rupture and death were both
positively skewed and similar between the sexes
(P=0.065 for rupture and P=0.068 for death). The
sex-specific cumulative probabilities of both sur-
vival free from rupture and all-cause survival signif-
icantly diverged (P<0.0001 for both, Figure 2A and
2B) with higher risks of rupture and poorer sur-
vival among untreated female patients at all time
points up to 5 years after diagnosis (Figure 2A and
2B; Table 1). The sex discrepancy in overall sur-
vival prevailed in the middle 2 age categories but
was not detected among the youngest (<60 years,
P=0.32) and the oldest (>80 years, P=0.56) pa-
tients (Figure S1).

Rupture and Mortality Rates by Sex

Within 5 years of follow-up, there were 798 (7.7%)
ruptures in the group of untreated patients (Table 1)
corresponding to 22.6 ruptures per 1000 person-
years within 5 years. Among these patients, 69% died
following aneurysm rupture (68% for women versus
70% for men, P=0.57). The cumulative 1-, 3-, and 5-
year rupture rates (Table 1) were higher for women
than men (P<0.001 for all comparisons). At 5 years,
the crude cumulative rupture rate reached 9.7% for
women as opposed to 6.9% for men (P<0.001, crude
rupture rate of 29.6 per 1000 female person-years
versus 20.2 for men). The age distribution of women
with rupture was tilted toward older age categories:
60.5% of the ruptures occurred in women aged 80
or more compared with 55.0% in men (Figure S2).
Young patients (<60 years) constituted only 0.8%
among both sexes.
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Figure 1. The baseline comorbid loads and proportion of patients with synchronous comorbidities for untreated (A) Men

(n=15 020) and (B) Women (n=4549).

The grey scale represents patients with none of the major comorbidity groups nor any other extracted comorbidities. COPD indicates

chronic obstructive pulmonary disease.

More than half (62.0%) of all untreated patients
(n=5424, 56.5% women versus 50.4% men) with com-
plete follow-up data were deceased within 5 years
(Table 1). Again, the overall mortality rates of women
surpassed those of men at all follow-up intervals
(P<0.001 for all comparisons).

Predictors of Rupture and Mortality
Within 5 Years

Female sex predicted rupture after adjusting for con-
founders with a relative risk increase of 23% (95% Cl,
1.07-1.42; P=0.004, Figure 3A and Table S2). An in-
creased hazard of rupture was also captured for pa-
tients with COPD (adjusted hazard ratio [HR], 1.36;
95% ClI, 1.15-1.62; P<0.001). Advancing age indepen-
dently predicted rupture, whereas middle and high in-
come as well as later inclusion periods lowered the risk
(Figure 3A).

Women experienced a higher unadjusted hazard of
death (HR, 1.36; 95% ClI, 1.29-1.43; P<0.001, Table S3).
After adjustments for other demographics, however,
no sex difference was detected in the risk of all-cause
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mortality up to 5 years after diagnosis (adjusted HR,
0.95; 95% CI, 0.89-1.00; P=0.05, Figure 3B). All comor-
bidities independently increased the risk of death.

Sensitivity Analyses Excluding Screened Men
Male person-years accumulated owing to the smaller
aneurysm sizes and, consequently, longer follow-up
times of screening-detected AAAs could imply diluted
risk hazards for men. As sensitivity analyses, the mod-
els were run after excluding all (potentially) screening-
detected AAAs (n=1911). In terms of rupture, the
predictive capacities of female sex (adjusted HR, 1.21;
95% Cl, 1.05-1.39; P=0.009), COPD (adjusted HR,
1.35; 95% Cl, 1.14-1.61; P<0.001), age, and household
income were not markedly affected (no data shown).
Mortality was slightly lower for women in this model
(adjusted HR, 0.94; 95% Cl, 0.89-0.99; P=0.03). Other
hazards of death remained unchanged.

Sex-Specific Causes of Death

Recorded causes of death among untreated patients who
succumbed within 5 years of IAAA diagnosis are outlined
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Figure 2. Kaplan-Meier curves illustrating (A) Survival free from rupture and (B) Overall survival for untreated men and
women with iAAAs up to 5 years after diagnosis.
iAAA indicates intact abdominal aortic aneurysm.

in Table 2. The leading cause of death for both men and
women was cardiac disease (25.2% versus 20.9% for
men and women, respectively; P<0.001). Malignancies
were the second most common underlying cause, with
a larger proportion of deaths due to malignancies among

Table 1.

Crude Cumulative Rupture and Mortality Rates

Within 1, 3, and 5 years by Sex in The Cohort of Untreated
Patients With iAAAs

Total Men ‘ Women ‘ P value*

Rupture

1-y 500 (2.8) 351 (2.6) 149 (3.6) 0.001

3-y 752 (5.3) 495 (4.6) 257 (7.4) <0.001

5-y 798 (7.7) 531 (6.9) 267 (9.7) <0.001
Mortality

1-y 2607 (14.7) 1875 (13.8) 732 (17.5) <0.001

3-y 4754 (33.6) 3384 (31.7) 1370 (39.7) <0.001

5-y 5424 (52.0) 3862 (50.4) 1562 (56.5) <0.001
Complete follow-up

1-y 17 747 (90.1) 13 568 (90.3) 4179 (91.9)

3-y 14131 (72.2) 10 680 (71.1) 3451 (75.9)

5-y 10 429 (53.3) 7666 (51.0) 2763 (60.7)

iAAA indicates abdominal aortic aneurysm.

*X? test.

men. In the third place was ruptured AAAs: 9.6% of all
the deaths within 5 years were ascribed to rAAAs. This
proportion was significantly higher among women (11.9%
versus 8.7%; P<0.001). Overall, 59.8% of the deaths in
the cohort were due to the top 5 causes (Table 2 and
Figure S3). The ICD codes used to extract the causes of
death are listed in Figure S3).

Similar Diameters in Control Analysis

The review of medical records from 240 patients in
an outpatient setting showed similar diameters for
male and female AAAs (41.5 mm for women versus
43.00 mm for men; P=0.21, Table S4). Female patients
were older but had similar comorbidity profiles. The
body size areas were smaller in women resulting in
larger aortic size indices (2.4 versus 2.1; P<0.05).

DISCUSSION

A considerable proportion of diagnosed patients in
surveillance remained untreated in this nationwide
study on patients with intact AAAs during a 15-year
period. Untreated status was even more common
among women, despite similar comorbid loads regis-
tered at diagnosis. Among both women and men, the

J Am Heart Assoc. 2021;10:e019592. DOI: 10.1161/JAHA.120.019592 6
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A
Variable N Hazard ratio P
Sex Men 15015 n Reference
Women 4549 1.23 (1.07, 1.42) 0.004
Age group <60 745 | Reference
60-69 5960 '—l—- 2.02(0.98, 4.15) 0.057
70-79 7348 ;o o— 4.41 (2.18, 8.92) <0.001
>80 5511 —— | 11.49 (5.68, 23.25) <0.001
Period 2001-2003 2435 ! Reference
2004-2006 2620 = 0.81 (0.67, 0.97) 0.020
2007-2009 3641 = E 0.65 (0.54, 0.77) <0.001
2010-2012 5431 | & 0.41(0.34, 0.49) <0.001
2013-2015 5437 | E 0.36 (0.28, 0.46) <0.001
Marital status Married 10703 * Reference
Unmarried 5288 » 0.93 (0.78, 1.10) 0.383
Widowed 3573 - 0.96 (0.82, 1.13) 0.656
Household income Low 6819 * Reference
Middle 6391 u 0.81(0.70, 0.93) 0.004
High 6354 o 0.63 (0.53, 0.75) <0.001
Neurological 19564 - 0.85 (0.62, 1.15) 0.293
Cardiovascular/renal 19564 * 1.01 (0.88, 1.16) 0.876
COPD 19564 EI 1.36 (1.15, 1.62) <0.001
Malignancy 19564 [ ] 0.99 (0.87, 1.14) 0.919
Diabetes mellitus 19564 I'- 0.86 (0.68, 1.08) 0.191
05 1 2 5 10 20
B
Variable N Hazard ratio P
Sex Men 15015 | Reference
Women 4549 i. 0.95 (0.89, 1.00) 0.05
Age group <60 745 [ | Reference
60-69 5960 E L 1.48 (1.20, 1.81) <0.001
70-79 7348 E L |l 3.04 (2.49, 3.72) <0.001
=280 5511 ; & | 6.26 (5.12, 7.65) <0.001
Period 2001-2003 2435 * Reference
2004-2006 2620 | 0.86 (0.80, 0.93) <0.001
2007-2009 3641 | : 0.66 (0.61, 0.71) <0.001
2010-2012 5431 | W i 0.54 (0.50, 0.58) <0.001
2013-2015 5437 |@ | 0.50 (0.45, 0.54) <0.001
Marital status Married 10703 * Reference
Unmarried 5288 | WA (12, 11.25) <0.001
Widowed 3573 EI 1.25(1.18, 1.33) <0.001
Household income Low 6819 — Reference
Middle 6391 | 0.88 (0.84, 0.93) <0.001
High 6354 | | E 0.72 (0.68, 0.77) <0.001
Neurological 19564 | 1.75 (1.61, 1.90) <0.001
Cardiovascular/renal 19564 il 1.32 (1.26, 1.39) <0.001
COPD 19564 i | 1.62 (1.52,1.72) <0.001
Malignancy 19564 H | 1.28 (1.22, 1.35) <0.001
Diabetes mellitus 19564 :I 1.13 (1.01, 1.27) 0.04
0.5 1 2 5

Figure 3. The adjusted associations between baseline demographics and the risks of (A)
Rupture (1016 events) and (B) Death (7231 events) within 5 years of diagnosis among untreated
patients with iAAAs.

- "Five observations excluded because of missing marital status. TAdjusting for all other listed baseline
variables. iAAA indicates intact abdominal aortic aneurysm; and COPD, chronic obstructive pulmonary
disease.
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Table 2. Causes of Death for Untreated Men and Women Deceased Within 5 years of Intact AAA Diagnosis

Rupture and Mortality in Untreated Patients With iAAAs

Overall (7233/19 569)* Men (5168/15 020)* Women (2065/4549)*
Rank CoD % of with 95% ClI % with 95% ClI % with 95% ClI P valuet
1 Cardiac disease 23.9 (22.9-24.9) 25.2 (24.0-26.4) 20.9 (19.2-22.7) <0.001
2 Malignancy 18.0 (17.1-18.9) 20.1 (19.0-21.2) 12.5 (11.1-13.9) <0.001
3 Ruptured AAA 9.6 (8.9-10.3) 8.7 (7.9-9.5) 11.9 (10.5-13.3) <0.001
4 Stroke 4.6 (41-5.1) 4.7 (41-5.3) 4.3 (3.4-5.2) 0.468
4 Chronic obstructive 3.7 (3.3-4.1) 3.3 (2.8-3.8) 4.5 (3.6-5.4) 0.017
pulmonary disease
% of all CoDs 69.5 71.5 64.9

AAA indicates abdominal aortic aneurysm; and CoD indicates cause of death.
*All patients deceased within 5 years included regardless of year of diagnosis.

X2 test.

median time-to-event was unexpectedly short at less
than 3 years for both rupture and death. Ruptures were
independently predicted by female sex, COPD, older
age, and low income. Alarmingly, rupture was the third
most common cause of death among both sexes.
The untreated population at hand is unique and not
easily compared with cohorts of prior AAA literature. It
does, however, resemble a typical patient population
with AAA, confirmed by the distribution of age and
comorbidities and proportion of women.”3738 The
rupture rate of 22.6 (per 1000 person-years) lies within
the range of recorded rates in studies on small (0.73—
11.03)'® and large (26.0-79.0)'822 AAAs. The 3-year
rupture incidence (5.3%) recorded in this study cor-
responds to the cumulative annual estimate of 5.3%
(95% ClI, 3.1-7.5) among noneligible AAAs >55 mm
reported in the meta-analysis by Parkinson et al.??

Window of Opportunity after Diagnosis
Here, the untreated population represents a real-
world setting faced by vascular caregivers globally,
as patients from all steps of management were in-
cluded: those with newly diagnosed AAAs discov-
ered incidentally or by screening, those awaiting
surgery, and patients with continued follow-up de-
spite reaching the treatment threshold.®'2° Yet, the
median times to rupture and death were all shorter
than 3 years with similar distributions for both sexes.
This could be implicative of a “window of opportu-
nity” with greatest potential for individualized surveil-
lance. The notion of 5/100 patients suffering from
rupture within 3 years could also be interpreted as a
marker of adequate clinical decision-making in gen-
eral where patients with large AAAs but low life ex-
pectancy are conservatively managed.

Untreated Women and the Risk of Rupture
At the time of diagnosis, the proportions of patients
with 2 or more coexisting conditions was similar be-
tween the sexes. This contradicts the prevailing view

of more comorbid and frail female patients with AAA,
accounting for sex differences in treatment rates as
noted here and by others34791519-21.24 g5 well as out-
comes after treatment.®'"-'® Ulug et al® summarized
in a recent meta-analysis that among patients with
intact AAAs, 30% of women as opposed to 20% of
men were turned down (pooled odds ratio of 2.27;
95% Cl, 1.21-4.23). By comparison, screening studies
have reported treatment rates of 24-29% within 4 to 5
years®®40 explained by the smaller size of screening-
detected AAAS,28-30

The finding of female sex as a predictor of rupture is
not entirely novel.'8-'85%41 Previously, the impact of sex
on the risk of rupture has been investigated in surveil-
lance studies predominantly including small AAAs,'87
with results indicating a female hazard ratio of 3.0 to
4.5. Therefore, the increased risk of 23% captured
here for women after multivariate adjustments most
likely represents a true excess risk among modern
populations with AAA in surveillance.

It has been noted that female AAAs at any given
diameter represent a more advanced stage of the
disease with higher aortic size indices,3"4243 justify-
ing a specific threshold for repair in women.!”81:39.44
Therefore, in an underserved community,*®°2" AAAs
of women could potentially rupture at an increased
rate before elective repair. This is further supported
by evidence of smaller diameters among ruptured fe-
male AAAsS."¥" In this study, a remarkable proportion
(11.9%) of deceased women had rupture as the cause
of death. Likewise, the proportion dying of rupture was
high (18%) in the UK study with 7 years of follow-up
including 103 ruptures (of which 39 were in women).'”
Brown et al'® used serial measurements to investigate
patients unfit for treatment with AAAs >50 mm. As ex-
pected, the 1-year risks of rupture were higher at 6.6%
(compared with 2.6%) for men and 11.7% (compared
with 3.6%) for women. Among unfit patients, several
studies have reported on mortalities due to rupture'®2°
and rupture rates'®23; however, none provide these
data by sex.
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Registry-based studies cannot disentangle non-
eligibility arising from aneurysm-related and other
reasons, as morphology data are not available within
administrative databases. Likewise, obtained results
rely on similar mean diameters between the sexes.
Whether smaller diameters of female patients could
explain the lower rate of treatment and, less intui-
tively, the higher risk of rupture observed for women
is a pertinent question. Of note, all included men and
women were diagnosed according to the same inter-
national consensus criterion of 30 mm,"*? and no ev-
idence indicates slower growth of female AAAs.'6:45
In this material, 1 single center contributed with
Swedish surveillance data: female AAAs are found to
be of similar caliber as male counterparts yet equal
to higher aortic size indices, corroborating results
from other databases such as the Vascular Quality
Initiative3” and from New Zealand*. In the clinical
setting, a variety of parameters beyond AAA diam-
eter are pivotal for clinical considerations and pre-
operative evaluations, including age, sex, aneurysm
morphology, renal function, concurrent conditions
(cardiac disease, COPD, malignancies), and patient
frailty.

Other Predictors of Rupture

The largest increase in the risk of rupture (36%) apart
from older age was found in patients with COPD.
Although COPD acts as a proxy for smoking in ad-
ministrative data sets, this finding in general cor-
roborates those of previous studies.'®4"46 Current
smoking has been found to approximately double the
risk of rupture.'®* The prevalence and progression
of AAAs have been demonstrated to be inversely
associated with diabetes mellitus'®4” or metformin
prescription.*8-%% Although several attempts to en-
hance our knowledge on the underlying pathophysi-
ological association have been performed, as yet,
few explanations can be found. In terms of the rup-
ture risk, most studies point toward no protective
effect of diabetes mellitus®18:37:4148.51 in line with the
current results. Older age has been reported to pre-
dict rupture by some'®4' but not others."”” Advancing
age could also function as a surrogate variable for
increasing AAA diameters® and biological changes
within the aneurysm wall.! The risk of rupture suc-
cessively decreased by later time periods, possibly
reflecting improvements in AAA and cardiovascular
risk management but most likely also shorter follow-
up times. The predictive capacity of low income at a
patient-specific level could stem from differences in
lifestyle-related factors such as smoking, but it could
also be implicative of surveillance deficiency or less
effective measures of secondary prevention among
socially deprived populations.
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No Sex Difference in Adjusted Overall
Mortality

There is a lack of comparative reports regarding the de-
tected sex discrepancy in the survival of middle-aged
patients (Figure S1). However, parallels can be drawn
between these findings and the reported higher mor-
tality for women in most treated AAA cohorts.'0-1215.37
The sex difference did not persist after multivariate
adjustments, and one can therefore presume that the
few women who do develop an AAA have especially
unfavorable profiles with regard to, for example, socio-
economic factors that generally are difficult to catch
in chart reports.® It could also be that the estimated
comorbid loads are biased by undiagnosed and un-
dertreated conditions that could be more prevalent
among women.

As expected, the measured 3-year survival rate
of 66.4% here exceeds estimates among patients
turned down for treatment (39%'° and 35%32' after
2 years). The detected 3-year survival rate is, how-
ever, poorer than the corresponding rate of 84%
reported by Scott et al’® where patients with any se-
vere comorbidities or short life expectancy (<1 year)
had been excluded.

Strengths and Limitations

This study profits from the population-based design
with high data quality within the NPR®* and minimal
selection bias, but there are also some inherent limi-
tations. Coding errors and misclassification regarding
patient-level factors, treatment status, and outcomes
cannot be excluded, especially as patients diagnosed
during the last period will not have a complete follow-
up of 5 years. This could lead to misclassification of
untreated patients in the case of elective treatment
after the end of the study. However, this misclassifica-
tion is unlikely to have occurred in a sex-dependent
manner. Moreover, because a majority of 60% are un-
treated in the nationwide cohort of iIAAAs (32 393 pa-
tients) — combined with the median time to treatment
of 1.6 years - this limitation is unlikely to influence sex
differences observed in this material.

It is not possible to obtain verified causes of death
for population-based samples. In Sweden, the autopsy
rate has been declining and was relatively low at 15%
for men and 7% for women in 2014.%2 The quality of
and potential sex differences in therapeutic strategies
for comorbidities such as hypertension and hyperlip-
idemia could not be evaluated in this data set. Finally,
register-based analyses cannot adjust for aneurysm
size data. The median diameter of female AAAs could
be smaller and this introduces the possibility of un-
derestimating the impact of female sex on the risk of
rupture. On the other hand, female AAAs have been
observed to rupture at smaller diameters.'"37
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CONCLUSIONS

For the first time, the entire cohort of untreated AAAs
from all stages of surveillance was included in an at-
tempt to address the paucity of data for untreated
women and men. This study reveals that even after
years of surveillance, most women and men will remain
untreated. Still, untreated status is often overlooked in
trend analyses and care trajectories within the field of
AAA. The short median times to rupture and death
among over 19 500 untreated patients may imply a
window of opportunity for improved AAA surveillance.
Women, elderly people, and patients with COPD or
low income were found to be at the greatest risk of
rupture. Despite a functioning surveillance service, the
healthcare system still fails to prevent a high number of
fatalities caused by AAA. These findings strongly ad-
vocate individualized surveillance policies for high-risk
patients and patients with complicated risk-benefit as-
sessments, at least for the first 3 years after diagnosis.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline demographics of men and women with untreated iAAAs 2001-2015.

Age

Mean age (SD)

<60 (n; %)

60—-69 (n; %)

70-79 (n; %)

>80 (n; %)

Comorbidity groups
None or unknown (n; %)
Cardiovascular/renal (n; %) *
Neurological (n; %) T
COPD (n; %)

Diabetes mellitus (n; %)
Malignancy (n; %)
Other (n; %) *
Household income
Low (n; %)

Middle (n; %)

High (n; %)

Marital status ®
Married (n; %)
Unmarried (n; %)
Widowed (n; %)

Year of diagnosis
2001-2003 (n; %)
2004-2006 (n; %)
2007-2009 (n; %)
2010-2012 (n; %)
2013-2015 (n; %)

All =19 569

73.7 (8.6)
746 (3.8)
5963 (30.5)
7349 (37.6)
5511 (28.2)

4974 (25.4)
5846 (29.9)
1122 (5.7)
2476 (12.7)
2260 (11.5)
5845 (29.9)
9700 (49.6)

6824 (34.9)
6391 (32.7)
6354 (32.5)

10 703 (54.7)

5288 (27.0)
3573 (18.3)

2436 (12.4)
2621 (13.4)
3642 (18.6)
5432 (27.8)
5438 (27.8)

Men = 15 020 (77%)

73.0 (8.5)
587 (3.9)
5138 (34.2)
5500 (36.6)
3795 (25.3)

3921 (26.1)
4667 (31.1)
873 (5.8)
1699 (11.3)
1788 (11.9)
4601 (30.6)
7311 (48.7)

4442 (29.6)
5011 (33.4)
(5567 (37.1)

9246 (61.6)
4038 (26.9)
1731 (11.5)

1714 (11.4)
1848 (12.3)
2716 (18.1)
4402 (29.3)
4340 (28.9)

Women = 4549 (23%)

76.1 (8.5)

159 (3.5)

825 (18.1)
1849 (40.6)
1716 (37.7)

1053 (23.1)
1179 (25.9)
249 (5.5)
777 (17.1)
472 (10.4)
1244 (27.3)
2389 (52.5)

2382 (52.4)
1380 (30.3)
787 (17.3)

1457 (32.0)
1250 (27.5)
1842 (40.5)

722 (15.9)
773 (17.0)
926 (20.4)
1030 (22.6)
1098 (24.1)

* Any of the following: cardiac disease, thoracic aortic aneurysm, aortic dissection, renal failure

T Stroke and/or dementia

*Any of the following: arrythmia, hypertension, hyperlipidaemia, PAD

§ 5 (0.0) men missing.

iAAA = intact abdominal aortic aneurysm, SD = standard deviation, COPD = chronic obstructive
pulmonary disease, PAD = peripheral artery disease



Table S2. Unadjusted and adjusted associations between baseline demographics and the
risk of rupture (1016 events) within 5 years among untreated patients with iAAAs. Significant
adjusted risks are highlighted. *

Unadjusted Adjusted
HR 95% Cl P HR 95% Cl P

Sex
Men Ref Ref Ref Ref Ref Ref
Women 1.81 1.59-2.06 <0.001 1.23 1.07-1.42 0.004
Age groups
<60 Ref Ref Ref Ref Ref Ref
60-69 1.69 0.82-3.48 0.152 2.02 0.98-4.15 0.057
70-79 4.96 2.46-10.00 <0.001 4.41 2.18-8.92 <0.001
>80 14.16 7.05-28.46 <0.001 11.49 5.68-23.25 <0.001
Comorbidity groups
Cardiovascular/renal 0.96 0.84-1.10 0.586 1.01 0.88-1.16 0.876
Neurological 0.85 0.63-1.15 0.295 0.85 0.62-1.15 0.293
COPD 1.43 1.20-1.70 <0.001 1.36 1.15-1.62 <0.001
Diabetes mellitus 0.72 0.58-0.91 0.005 0.86 0.68-1.08 0.191
Malignancy 1.06 0.93-1.21 0.393 0.99 0.87-1.14 0.919
Household income
Low Ref Ref Ref Ref Ref Ref
Middle 0.66 0.58-0.76 <0.001 0.81 0.70-0.93 0.004
High 0.35 0.30-0.41 <0.001 0.63 0.53-0.75 <0.001
Marital status
Married Ref Ref Ref Ref Ref Ref
Unmarried 0.82 0.69-0.96 0.016 0.93 0.78-1.10 0.383
Widowed 1.94 1.68-2.24 <0.001 0.96 0.82-1.13 0.656
Period
2001-2003 Ref Ref Ref Ref Ref Ref
2004-2006 0.82 0.68-0.98 0.027 0.81 0.67-0.97 0.020
2007-2009 0.62 0.52-0.74 <0.001 0.65 0.54-0.77 <0.001
2010-2012 0.31 0.26-0.38 <0.001 0.41 0.34-0.49 <0.001
2013-2015 0.28 0.22-0.35 <0.001 0.36 0.28-0.46 <0.001

* Five observations excluded due to missing marital status.



Table S3. Unadjusted and adjusted associations between baseline demographics and the
risk of death (7231 events) within 5 years among untreated patients with iAAAs. Significant
adjusted risks are highlighted. *

Unadjusted Adjusted
HR 95% ClI P HR 95% Cl P

Sex
Men Ref Ref Ref Ref Ref Ref
Women 1.36 1.29-1.43 <0.001 0.95 0.89-1.00 0.054
Age groups
<60 Ref Ref Ref Ref Ref Ref
60-69 1.28 1.05-1.58 0.017 1.48 1.20-1.81 <0.001
70-79 3.32 2.73-4.05 <0.001 3.04 2.49-3.72 <0.001
>80 7.16 5.88-8.72 <0.001 6.26 5.12-7.65 <0.001
Comorbidity groups
Cardiovascular/renal 1.33 1.27-1.40 <0.001 1.32 1.26-1.39 <0.001
Neurological 1.83 1.69-1.99 <0.001 1.75 1.61-1.90 <0.001
COPD 1.85 1.74-0.96 <0.001 1.62 1.52-1.72 <0.001
Diabetes mellitus 1.08 0.95-1.21 0.235 1.13 1.01-1.27 0.041
Malignancy 1.40 1.33-1.47 <0.001 1.28 1.22-1.35 <0.001
Household income
Low Ref Ref Ref Ref Ref Ref
Middle 0.75 0.72-0.80 <0.001 0.88 0.84-0.93 <0.001
High 0.44 0.41-0.46 <0.001 0.72 0.68-0.77 <0.001
Marital status
Married Ref Ref Ref Ref Ref Ref
Unmarried 1.05 0.99-1.11 0.085 1.19 1.12-1.26 <0.001
Widowed 1.98 1.87-2.09 <0.001 1.25 1.18-1.33 <0.001
Period
2001-2003 Ref Ref Ref Ref Ref Ref
2004-2006 0.91 0.85-0.98 0.015 0.86 0.80-0.93 <0.001
2007-2009 0.68 0.64-0.73 <0.001 0.66 0.61-0.71 <0.001
2010-2012 0.47 0.44-0.50 <0.001 0.54 0.50-0.58 <0.001
2013-2015 0.44 0.40-0.48 <0.001 0.50 0.45-0.54 <0.001

* Five observations excluded due to missing marital status.



Table S4. Demographics and AAA diameters in 120 women and 120 men under surveillance
at outpatient vascular clinic.

Median age
Smoking

Ever

Never
Comorbidities
Hypertension
Diabetes mellitus
Cardiac disease
Stroke/TIA

COPD

Medical treatment
Antiplatelet agents
Statins

Body size & Aortic morphology

Weight (kg)
Height (m)

Aortic diameter (mm)

BMI (kg/m?)
BSA (m?)
AS| (cm/mz)

Total = 240
78 (45)

189 (81.5)
43 (18.5)

186 (77.5)
59 (24.6)
90 (37.7)
34 (14.2)
60 (25.0)

170 (70.8)
142 (59.2)

75 (85)
1.72 (0.58)
42 (37)
26 (25)
1.9 (3.7)
2.2(3.7)

Men =120
76 (42)

95 (81.2)
22 (18.8)

95 (79.2)
34 (28.3)
48 (40.3)
21 (17.5)
26 (21.7)

88 (73.3)
78 (65.0)

85 (65)
1.78 (0.37)
43 (37)
27 (20)
2.0 (3.3)
2.1(3.7)

Women =120

79 (43)

94 (81.7)
21 (18.3)

91 (75.8)
25 (20.8)
42 (35.0)
13 (10.8)
34 (28.3)

82 (68.3)
64 (53.3)

65.5 (75)
1.64 (0.34)
41.5 (30)
24 (25)
1.7 (3.7)
2.4 (3.5)

Variables summarized by medians with interquartile range or percentages for categorical

variables.

AAA = abdominal aortic aneurysm, BMI = body mass index, BSA = body surface area, ASI =
aortic size index, GFR = glomerular filtration rate (ml/min), TIA = transient ischemic attack,

COPD = chronic obstructive pulmonary disease.

p
<0.05

0.91
0.87

0.64
0.23
0.43
0.20
0.30

0.48
0.08

<0.05
<0.05
0.21
<0.05
<0.05

<0.05



Figure S1. Time to death for untreated men and women with iAAAs presented in the four
age groups of A) <60 years B) 60-69 years C) 70-79 years D) >80 years.
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Figure S2. Age distributions of untreated men and women with rupture within 5 years after

diagnosis.

* All patients with rupture within 5 years included regardless of year of diagnosis.
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Figure S3. Top 5 causes of death among untreated men and women deceased within 5
years of iAAA diagnosis.
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CoD Cardiac disease Malignancy rAAA Stroke COPD

ICD codes for CoDs in untreated cohort Cardiac disease = 120-125X, 142-143, 150, 111.0,
113.0 Malignancy = CX rAAA = 171.3 Stroke = 161X, 163-164X, 169X COPD = J44X

CoD = cause of death, COPD = chronic obstructive pulmonary disease, rAAA = ruptured abdominal
aortic aneurysm, ICD = International Classification of Diseases



