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ABSTRACT

Background Abdominal aortic aneurysm (AAA) is a
potentially life-threatening disease but the high mortality
rate is linked to high age and comorbidity pattern.
Depression is associated with increased mortality in the
general population and individuals with cardiovascular
diseases, but this is sparsely studied for AAA. The aim was
to examine the prognostic impact of depressive symptoms
on all-cause mortality in individuals with AAA and compare
with findings in a general population of the same age and
risk profile.

Methods Population-based prospective study including
36616 participants (52.1% women) from the Trendelag
Health Study in Norway. A total of 9428 individuals died
during a median follow-up of 10 years at ages 60-90
years. Depressive symptoms were defined by a Hospital
Anxiety and Depression Scale-Depression score >8. Data
on AAA diagnoses and death were obtained from medical
records and national registers. HRs from Cox proportional
hazard regression models are reported.

Results A total of 4832 (13.2%) individuals reported
depressive symptoms, whereas 583 (1.6%) AAAs were
identified. The adjusted hazard of death was 2.66 times
higher in persons with AAA compared with the general
population (95% Cl 2.39 to 2.97). Qverall, there was

no significant adverse effect of depressive symptoms

in individuals with AAA (HR 1.15;95% Cl 0.88 to 1.51),
whereas an increased risk was seen in the general
population (HR 1.23;95%Cl 1.17 to 1.30).

Conclusion The overall risk of death was considerably
higher in individuals with AAA compared with a general
population of the same age and risk profile. Depressive
symptoms did not significantly influence the risk of death
in the AAA group.

INTRODUCTION

Abdominal aortic aneurysm (AAA) is a local-
ised widening of the abdominal aorta that
often is asymptomatic and undiagnosed.’
The most feared complication of an AAA is
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» The results from this study are based on data from
a large and population-based prospective study in
Norway.

» The general population served as comparison group
when evaluating the prognostic impact of depres-
sive symptoms on all-cause mortality in individuals
diagnosed with abdominal aortic aneurysm (AAA).

» The risk estimates were adjusted for potential con-
founders, such as age, sex, smoking, coronary heart
disease, diabetes, body mass index, hypertension
and civil status.

» All AAA cases were verified based on a certified
hospital diagnosis, but due to the lack of ultrasound
measurement in Norwegian Trgndelag Health Study,
the prevalence of AAA in the general population may
have been underestimated.

» Data on depressive symptoms and comorbidity pat-
terns were self-reported.

rupture, a life-threatening bleeding associated
with fatal outcome if untreated.! To prevent
deaths from a ruptured AAA, an early diag-
nosis and treatment in due time is essential.
AAA is in general a late onset disease, that is
associated with an unfavourable comorbidity
pattern and high mortality rates.”® Screening
of men aged 65 years or older seems to reduce
the risk of deaths related to AAA by up to
30%-40%."" whereas the effect on all-cause
mortality is less clear.® Nonetheless, mortality
rates in patients that have undergone surgery
for AAA have been found to be higher than
for patients with other cardiovascular diseases
(CVDs).” '’ High mortality in patients diag-
nosed with AAA has been linked to high
age and unfavourable comorbidity patters,

BM)

Nyrgnning LA, et al. BMJ Open 2022;12:2049055. doi:10.1136/bmjopen-2021-049055 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8869-0493
http://orcid.org/0000-0002-6782-0586
http://dx.doi.org/10.1136/bmjopen-2021-049055
http://dx.doi.org/10.1136/bmjopen-2021-049055
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-049055&domain=pdf&date_stamp=2022-02-13
http://bmjopen.bmj.com/

including death from CVDs and other smoking-related
diseases. Many individuals diagnosed with AAA live with
an asymptomatic aneurysm or undergo elective surgery,
and eventually die from other causes.'' Very few previous
studies have compared the overall mortality in individuals
diagnosed with AAA to a general population of the same
age and with the same risk profile.

Depression is associated with increased mortality in the
general population.'* Moreover, depression is common in
patients with CVD' and is independently associated with
increased cardiovascular morbidity and mortality.? '*'* In
two recent large prospective, population-based studies,
depression was associated with increased risk of AAA.'® 7
AAA and depression have both been associated with low-
grade inflammation."*'® Hence, inflammation could be a
common risk factor that may explain the observed asso-
ciation between AAA and depression. Alternatively, the
inflammation process evolves on the pathway between
depression and the risk of AAA. Previous studies have
suggested that inflammation may increase the risk of
rupture by triggering a more rapid growth of the aneu-
rysm.'? 2 If depression, as a proxy for low grade inflam-
mation, influences both the risk and progression of AAA
development, an adverse prognostic impact of depres-
sion may be particularly pronounced in individuals with
AAA. An adverse effect of depression on mortality rates in
patients with other CVDs has been established,' * 1® 2173
but few previous studies have examined the prognostic
impact of depression in individuals with AAA. More-
over, we are not aware of any previous studies that have
compared with findings in a general population.

The main aim of this study was to examine whether the
prognostic impact of depressive symptoms on all-cause
mortality in individuals diagnosed with AAA differed from
the established adverse effect in the general population.
Moreover, we investigate whether there was an overall
difference in all-cause mortality between individuals diag-
nosed with AAA and the general population of the same
age and with the same risk profile.

METHODS

This is a prospective population-based cohort study, based
on data obtained from the Norwegian Trgndelag Health
Study (HUNT). The study was performed following the
Strengthening the Reporting of Observational Studies in
Epidemiology checklist for cohort studies (online supple-
mental material).

The HUNT study

HUNT is a large and ongoing multiphase population-
based health study of people aged 20 years or older
conducted in the county of Nord-Trgndelag in central
Norway.** The databank contains extensive information
about a wide variety of demographics and health-related
topics. Data on depressive symptom was introduced in the
second HUNT survey (HUNT?2).

Study population

This study population includes 36 616 individuals (52.1 %
women) who participated in HUNTZ2 and/or HUNT3
and had available data in HUNT on depressive symptoms.
Median age at the first participation in HUNT was 58.6
years (range 40.6-89.8 years). The unique personal iden-
tification number was used to link data on AAA diagnoses
(International Statistical Classification of Diseases and
Related Health Problems codes 9 and 10) and death with
data from the HUNT study.

Patient and public involvement

This study has no direct contact with patients or the
public. The study uses deidentified data from the HUNT
study.

Primary outcome and follow-up period

The primary outcome in this study was all-cause mortality.
The Norwegian Cause of Death Registry was used to
acquire information on dates of death. Each individual
was considered to be at risk of death from the age of 60
years, or from the date of first HUNT participation at a
higher age, until date of death, reaching the age of 90
years, or closing date of the study (31 December 2014).
The lower and upper age limits were defined due to few
deaths before the age of 60 years and few individuals
with AAA at risk above the age of 90 years. Median age
at start of follow-up was 60 years (range 60.0-89.8 years)
and median follow-up time was 10 years (1.1days to 20
years). At the end of the study period, the median age was
73 years (range 60-90 years). Among the 36616 individ-
uals included in the study (51.2 % women), 9428 (44.0 %
women) died during follow-up.

Ascertainment of AAA

Information on the diagnosis of AAA in the period 1995
through 2014 was obtained from local hospital registers
(in-hospital and outpatient). An indicator variable for
whether or not a person had been diagnosed with AAA
was defined according to codes 441.3—4 and 171.3—4 in
the ninth and tenth editions of the International Classifi-
cation of Diseases (ICD 9/10 codes). All AAA diagnoses
were manually verified using patient charts.

Assessment of depressive symptoms

The Hospital Anxiety and Depression Scale (HADS) was
used to assess the degree of depressive symptoms. HADS is
a self-report questionnaire developed to evaluate patients
in somatic care and aims to measure levels of anxiety and
depression symptoms during the preceding week. The
questionnaire consists of two separate subscales ranging
from 0 to 21: the HADS Anxiety and HADS Depression
(HADS-D). Only the HADS-D score was used in this study.
A HADS-D score =8 was defined as having depressive
symptoms. A cut-off at 28 (HADS-D >8) gives a specificity
of 0.79 and a sensitivity of 0.83 compared with a clinical
evaluation of depression.” *°
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Demographic and clinical factors

Information on potential confounders was assessed
through responses on self-reported questionnaires and
clinical examinations. Sex and civil status (categorised as
living alone or with other) were assessed through question-
naires. Hypertension (yes, no) was defined as systolic blood
pressure >140mm Hg, diastolic blood pressure >90 mm
Hg (average of second and third measurements) or use of
antihypertensive medication (self-reported). Body mass
index (BMI) was calculated as weight/ height2 (kg/ m?),
and divided into four categories (<25, 25-30, 30-35 and
>35kg/m”). Coronary heart disease (CHD, yes, no) was
defined as a composite variable of self-reported history of
myocardial infarction or angina pectoris. Diabetes (yes,
no), smoking status (never, past, current) were defined
according to questionnaire responses.

Statistical analysis

Descriptive statistics at start of follow-up are presented as
mean (SD), median (IQR) and/or as frequencies (%),
according to nature of the data. Survival analyses with
attained age as time scale in the follow-up period were
carried out to evaluate the prognostic impact of HADS-D
and AAA. The Kaplan-Meier approach was applied to
calculate the expected proportion of non-survivors
(proportion of deaths) at different ages for AAA (yes,
no), and for combined categories of the HADS-D score
(<8, 28) and the indicator variable for AAA (yes, no). The
log-rank test was applied to compare the overall survival
between the groups. In addition, the Nelson-Aalen esti-
mate of the cumulative hazard function is presented.
The shape of the curves in these plots is informative with
respect to changes in hazard with increasing age in each
exposure group. Age-adjusted and multivariable adjusted
HR for death with 95% CI were calculated as estimate
of relative risk of death in a Cox proportional hazard
(PH) regression model. A multiplicative interaction
term between HADS-D and AAA was added to evaluate
whether the association between depressive symptoms
and all-cause mortality differed for persons with and
without AAA. HUNT participants without a diagnosis
of AAA were considered representative for the general
population. HR values adjusted for age only (time-scale),
and with additional adjustment for sex, BMI category,
smoking, CHD, diabetes mellitus, hypertension and civil
status are presented. In the analyses of the overall asso-
ciation between AAA and mortality, we also adjusted for
depressive symptoms. A backward stepwise procedure
was applied to evaluate the individual contributions from
single factors in the change from age-adjusted to multi-
variable adjusted HR-values, and to search for signs of
potential overfitting and/or collinearity problems. The
PH assumption for each covariate in the Cox PH regres-
sion model was visually evaluated in log-minus-log plots.
Online supplemental analyses stratified for adjustment
factors that showed signs of deviation from the PH assump-
tion were performed. Predicted survival plots based on the
Cox PH regression model are also presented. Individuals

with missing values on HADS-D (12.6 %) or other covari-
ates were excluded from the analyses (complete case anal-
ysis, n=34 464).

Time-varying exposure factors
Except for sex, all prognostic factors were treated as
time-varying covariates in the Cox PH regression model,
allowing a shift in exposure categories with increasing age
for individuals who participated in two HUNT surveys.
The covariate values at start of follow-up were defined
according to values obtained at the HUNT participa-
tion closest in time before the age of 60 years or at the
first HUNT participation at an older age. In the Kaplan-
Meier survival analyses, the ‘at risk’ category was defined
according to the most recent registered value of the expo-
sure factor during follow-up. The indicator variable for
AAA was 0 (not present) until date (age) of diagnosis
(recoded to 1, that is, present). The diagnosis of AAA
could occur either before, after or between two HUNT
participations, depending on age at diagnosis and age
at participation in a HUNT survey. A total of 27 individ-
uals (2women) had been diagnosed with AAA at start of
follow-up from the age of 60 years, whereas an additional
556 individuals (149women) were diagnosed during the
follow-up.

All statistical analyses were performed using Stata
(VIC.16.1). A p<0.05 was considered significant (two-
sided tests).

RESULTS

The distribution of the demographic and clinical char-
acteristics of the study population at start of follow-up is
presented in table 1. A total of 583 (1.6 %) individuals
(432 men, 151women) had a diagnosed AAA, and 4
832 (13.2%) individuals reported depressive symptoms
(HADS-D =8). The proportion with a HADS-D score =8
was higher in individuals with than without a diagnosed
AAA (table 1). Compared with persons without AAA
(considered representative for the general population),
individuals with AAA were more often men (74.1 vs 48.4
%), current smokers (57.5 vs 35.5%) and reported more
CHD (27.4 vs 8.9 %) and hypertension (72.5 vs 57.5 %).
Moreover, a larger proportion in the AAA group was
obese (4.7 vs 3.0 %), but no significant association with
BMI category was found.

All-cause mortality in individuals with AAA and in the general
population

A Kaplan-Meier failure plot, with estimated proportion of
deaths at different ages, for individuals with and without
a diagnosed AAA, and Nelson-Aalen estimates of the
cumulative hazard function, are shown in figure 1. Indi-
viduals with AAA died at a younger age compared with
the general population (log rank test, p<0.001; median
age at death 73.0 vs 85.2 years). In the Cox PH regression
model adjusted for age only, the hazard of death in indi-
viduals with AAA was more than three times the hazard of
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Table 1 Demographic and clinical characteristics at start of follow-up, total and by AAA

Total population AAA No AAA
Characteristics n (%) n (%) n (%) P value
Total 36616 (100) 583 (100) 36033 (100)
Sex <0.001
Men 17883 (48.8) 432 (74.1) 17451 (48.4)
Women 18733 (51.2) 151 (25.9) 18582 (51.6)
Age at measured HADS-D <0.001
<60 20843 (56.9)
60-69 9550 (26.1)
70-79 5254 (14.3)
>80 969 (2.4)
HADS-D <0.001
<8 31784 (86.3) 477 (81.8) 31307 (86.9)
>8 4832 (13.2) 106 (18.2) 4726 (13.1)
Smoking <0.001
Never 12890 (35.9) 53 (9.2) 12837 (36.4)
Past 12738 (35.5) 192 (33.5) 12546 (35.5)
Current 10260 (28.6) 12546 (35.5) 9931 (28.1)
BMI 0.26
<25 11198 (30.8) 177 (30.7) 11021 (30.8)
25-29 17349 (47.8) 280 (48.5) 17069 (47.7)
30-35 6107 (16.8) 103 (17.8) 6004 (16.8)
>35 1679 (4.6) 17 (3.0) 1662 (4.7)
CHD 3347 (9.2) 423 (27.4) 160 (8.9) <0.001
Hypertension 21124 (57.7) 423 (72.5) 20701 (57.5) <0.001
Diabetes 1746 (4.8) 23 (4.0 1723 (4.8) 0.09
Civil status 0.35
Cohabiting 26650 (72.9) 443 (76.0) 26207 (72.8)
Living alone 9913 (27.1) 140 (24.0) 9773 (27.2)

Missing data among those with valid HADS-D (n=36616): Smoking, n=728 (2.6%) BMI, n=283 (0.8%), CHD, n=23 (0.06%), systolic and
diastolic blood pressure, n=154 (0.4%), hypertension, n=9 (0.02%), diabetes, n=84 (0.2%), civil status, n=53 (0.14%).

Missing data on HADS-D, n=5259 (12.6%).

AAA, Abdominal Aortic Aneurysm; BMI, body mass index; CHD, coronary heart disease; HADS-D, Hospital Anxiety and Depression Scale-

Depression.

death in the general population (table 2, HR 3.39, 95 %
CI 3.01 to 3.78). The difference was less pronounced in
the multivariable analysis, but the hazard remained more
than twice as high in the AAA group (table 2, HR 2.66,
95 % CI2.39 to 2.97).

Prognostic impact of depression in individuals with AAA and
in the general population

At all ages, the estimated proportions of deaths were
higher among individuals with than without depressive
symptoms (HADS-D >8 vs >8), both in individuals diag-
nosed with AAA and in the general population (figure 2).
Median age at death in individuals with and without
depressive symptoms in the AAA group was 70.8 and 73.6

years, whereas the corresponding numbers in the general
population were 83.7 and 85.3 years.

In the age-adjusted Cox PH regression analysis, the
adverse effect of depressive symptoms in individuals with
AAA was rather similar to the association seen in the
general population (table 2, HR for HADS-D >8vs <8 of
1.28 in both groups). In the analyses adjusted for age,
sex, smoking, CHD, diabetes, BMI, hypertension and civil
status (table 2) the HR value for HADS-D was closer to
unity and no longer statistically significant in individuals
with AAA (HR 1.15, 95%CI 0.88 to 1.51), whereas an
adverse effect remained in the general population (HR
1.23, 95%CI 1.17 to 1.30). The difference in these esti-
mates (1.15 vs 1.23) did not reach statistical significance
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Nelson-Aalen cumulative hazard estimates
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Figure 1
abdominal aortic aneurysm.

(p, test for interaction=0.62). The adjustment factors that
contributed the most to the reduced strength of the asso-
ciation with depressive symptoms were CHD, BMI and
smoking. There was no single factor that explained all
the flattening of the risk estimate or led to very imprecise
estimates.

HR values (multivariable adjusted) for combined cate-
gories of HADS-D and AAA, using a common reference
group, to allow for a direct comparison of relative risk
across all subgroups, are shown in figure 3. The adverse,
though weak association with depression appeared to be
rather similar in individuals with and without AAA in this
analysis. The prognostic impact of AAA was considerably
more pronounced than the prognostic impact of depres-
sive symptoms.

Kaplan-Meier failure plot and Nelson-Aalen cumulative hazard estimates in subgroups defined by AAA (no, yes). AAA,

Age-dependent effects

The Kaplan-Meier failure plot, as well as the Nelson-
Aalen cumulative hazard plot (figure 2), indicated a more
pronounced negative prognostic effect from depressive
symptoms in AAA individuals younger than 70 years.
No such age-dependent effect of depressive symptoms
was seen in the general population (figure 2). The age-
dependent pattern was confirmed in the log-log-plot
used to evaluate the PH assumption in the Cox regres-
sion model (online supplemental figure 1). The age-
dependent pattern in the AAA group remained in the
analyses adjusted for potential confounders, as illustrated
in the predicted survival plots based on a multivariable
adjusted Cox-PH regression models stratified on HADS-D

Table 2 HR with 95% CI of death for AAA (yes vs no) and for depressive symptoms (HADS-D >8vs <8) in subgroups defined

by AAA (yes, no)*

Age adjusted Multivariable
No of deahts HR (95% CI)* HR (95% CI)t
AAA
No 9078 1.00 1.00
Yes 350 3.39 (3.01 to 3.78) 2.66 (2.39-2.97)
HADS-D
Individuals with AAA
<8 283 1.00 1.00
>8 67 1.28 (0.98 to 1.69) 1.15 (0.88-1.51)
Individuals without AAA
<8 7430 1.00 1.00
>8 1648 1.28 (1.21 t0 1.36) 1.23 (1.17-1.30)

P value, interaction

0.90 0.62

Depressive symptoms were defined as a HADS-D score >8.
*Based on Cox PH regression model with attained age as time scale.

TAdditional adjustment for sex, coronary heart disease, diabetes mellitus, body mass index-category, smoking, hypertension, civil status. HR for AAA
also adjusted for HADS-D. Complete case analyses: Number of individuals, n=34464.
AAA, abdominal aortic aneurysm; HADS-D, Hospital Anxiety and Depression Scale-Depression; HR, hazard ratio.
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Figure 2 Kaplan-Meier failure plot and Nelson-Aalen cumulative hazard estimates in subgroups defined by HADS-D (<8and
>8) and AAA (no, yes). AAA, abdominal aortic aneurysm; HADS-D, Hospital Anxiety and Depression Scale-Depression.

and AAA to allow for deviation from the PH assumption
(figure 4). HR values are not calculated for stratification
variables in the Cox PH model, and insufficient amount of
data at the youngest ages in certain subgroups, precluded
an age-specific analysis. Thus, age-specific HR values for
HADS-D (=8vs <8) in subgroups defined by AAA (no, yes)
cannot be reported.

Log-log plot also indicated deviation from the PH
assumption for BMI category. Additional analyses using
BMI category as a stratification variable in the Cox regres-
sion model did not notably impact the HR values for our
main study variables (AAA and HADS-D).

DISCUSSION

In this large, population-based prospective study, the
overall risk of death was more than twice as high in indi-
viduals with AAA compared with a general population
at the same age and same risk profile. There was no

4.00
HR =3.10 (2.42-3.98)
HR = 2.70 (2.39-3.05) ARA "
3 —————
%
E
S,
v 200
I
T
Q
7]
2 HR = 1.23 (1.17-1.30)
) NoAAA ﬂr,,,,,,,,-,.
Ref.group "””77””””””}”
1.00@———
HADS-D < 8 HADS-D > 8

Figure 3 Hazard ratio with 95% confidence interval for
the combined categories of AAA (No, Yes) and HADS-D (<8,
>8), using a common reference group (no AAA, HADS-D <8),
plotted on logarithmic scale (base 2). The HR values are
calculated in a multivariable adjusted Cox pH regression
model. AAA, Abdominal Aortic Aneurysm, HADS, Hospital
Anxiety and Depression Scale.

clear adverse effect of depressive symptoms on all-cause
mortality in individuals diagnosed with AAA after adjust-
ment for potential confounders, whereas a negative prog-
nostic effect remained in the general population. At ages
<70 years, however, there was a tendency towards a more
pronounced adverse effect of depressive symptoms in
individuals with AAA. This finding was uncertain due to
the low number of deaths before the age of 70 years.

Predicted survival plot, stratified cox model

---- HADS-D28 r
HADS-D< 8 =

60 70 80 90

Attained age (years)

Figure 4 Predicted survival plots based on a Cox PH
regression model stratified for HADS-D and AAA (combined
categories) to allow for an age-dependent effect. Curves are
calculated for reference categories of adjustment factors
(sex, BMI category, smoking, CHD, diabetes mellitus,
hypertension and civil status). Complete-case analyses.
AAA, abdominal aortic aneurysm; BMI, body mass index;
CHD, coronary heart disease; HADS-D, Hospital Anxiety and
Depression Scale-Depression; PH, proportional hazard.
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The finding of a substantially higher mortality in indi-
viduals with vs without AAA is consistent with a recent
study reporting markedly lower overall long-term survival
in patients undergoing successful AAA repair as compared
with age-adjusted and sex-adjusted mortality rates in
the general population.”” An unfavourable comorbidity
profile commonly seen in AAA patients, including other
CVDs, as well as smoking, is probably a contributing
factor to the high crude mortality rates in individuals with
AAA.® In our study, however, the relative risk estimate
remained high also after adjusting for factors associated
with both AAA and increased mortality, such as sex, CHD,
diabetes and smoking. We are not aware of any previous
studies that have compared mortality in individuals with
AAA with a general population of the same age and also
same level of other risk factors. Most previous studies
have almost exclusively been restricted to patients that
have undergone surgery for AAA or patients deemed
unfit for surgery.?” *=*! This study included both surgi-
cally untreated and treated AAA patients, but we did not
distinguish between these subgroups in the analyses due
to lack of information on this issue.

To our knowledge, no previous studies have exam-
ined whether depressive symptoms on mortality differ
in patients with AAA compared with a general popu-
lation. The results from the this study did not confirm
our initial hypothesis that a negative prognostic impact
of depressive symptoms may be stronger in individuals
with AAA compared with a general population. On the
contrary, there was no clear association between depres-
sive symptoms and mortality in the AAA group. The lack
of association could relate to the low number of individ-
uals with both AAA and depressive symptoms. However,
we did observe a slightly more pronounced adverse effect
of depressive symptoms in individuals diagnosed with
AAA before the age of 70 years, whereas no such age-
dependent effect was seen in the general population.
This pattern may relate to the fact that some risk factors
for AAA, such as a high number of pack years (smoking)
and unfavourable heredity patterns have been reported
to be more common in young compared with older AAA
patients.” We did adjust for smoking habits, whereas data
on heritability was not available. Due to the low number
of individuals in these age groups, these results must be
interpreted with caution and confirmed in other studies.

The biological mechanisms behind the increased
mortality rates in individuals with AAA are yet to be clari-
fied. Inflammation seems to be an important part of both
the AAA pathogenesis and growth,” ** which may relate
to impact from noxious stimuli such as cigarette smoke,
low density lipoprotein cholesterol and hypertension.”
With increasing age, competent repair cells are not always
available, artery repair fails and the inflammatory state
increases.' Previous studies have shown that depression
is associated with low-grade chronic inflammation.' ** *
Moreover, a negative impact from inflammatory processes
on mortality in patients with CVDs and concurrent
depression has been suggested.”” Our finding indicating

that depressive symptoms might worsen the prognosis in
younger, but not in older individuals diagnosed with AAA
might be somewhat contradictory. On the other hand, it
is possible that individuals who develop AAA at a younger
age have faster aneurysm growth that is more susceptible
to a growth-enhancing effect from depression, potentially
mediated by inflammation.

Strengths and limitations

A major strength of our study is that the results are based
on data from a large, population-based, prospective study.
The HUNT population is a validated and well-defined
homogeneous cohort that represents the general popu-
lation in Norway. Data on risk factors were assessed at the
individual level for all study participants, enabling tight
adjustment for age (l- year intervals, time scale in the
survival analyses), sex and other potential confounders
when estimating HR values. Repeated measurements
of the exposure factors made it possible to update the
risk set by use of time-varying covariates. This analytic
approach reduces potential misclassification bias in the
risk estimates. However, not all the individuals included
in our study had participated in HUNT more than once,
which is a limitation. The amount of missing data for the
covariates was low. All AAA cases were verified based on
a certified hospital diagnosis and dates of death were
obtained from national registers with compulsory record-
ings. It is, however, likely that there was some underdiag-
nosis of AAA cases. The HUNT study does not include
ultrasound examinations of the abdominal aorta. The
observed 1.6% crude prevalence of AAA in our study
is, however, in line with the expected rate at the time.®
Unless a potential underdiagnosis of AAA differ by value
of HADS-D, the risk estimates will not be biased. Some
limitations must be considered. Most data on covariates
were self-reported, including symptoms of depression,
cardiovascular comorbidities and smoking, potentially
leading to information bias. Symptoms of depression were
assessed through self-reported questionnaires and not by
a psychiatric diagnostic interview. We had no information
about antidepressant use. The low number of individuals
with severe depressive symptoms in our study popula-
tion could be a result from recruitment bias. Individuals
with severe depression might not adhere to screening
programmes or attend population-based studies to the
same extent as non-depressed individuals. However, such
recruitment bias would likely bias our results towards the
null hypothesis.

CONGCLUSION

In this population-based prospective study, there was no
significant prognostic impact of depressive symptoms on
mortality in individuals with AAA, whereas an increased
risk was seen in the general population. Our results
revealed a hitherto unreported higher all-cause mortality
in individuals with AAA compared with a general popula-
tion of the same age and same risk profile. More studies
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with larger AAA cohorts are needed to explore the rela-
tion between depression, AAA and mortality and a poten-
tial heterogeneity across age groups.
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