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Abstract

Background. Patients with depression are more susceptible to cardiovascular illness including
vascular surgeries. However, health outcomes after vascular surgery among patients with
depression is unknown. This study aimed to investigate associations of depression with post-
operative health outcomes for vascular surgical patients.
Methods. A retrospective observational study was conducted using data from a large mental
healthcare provider and linked national hospitalization data for the same south London
geographic catchment. OPCS-4 codes were used to identify vascular procedures. Health out-
comes were compared between those with/without depression including length of hospital stay
(LOS), inpatient mortality, and 30 day emergency hospital readmissions. Predictors of these
health outcomes were also assessed.
Results. Vascular surgery was received by 9,267 patients, including 446 diagnosed with depres-
sion. Patients with depression had a higher risk of emergency admission for vascular surgery
(odds ratio [OR] 1.28; 1.03, 1.59), longer index LOS (IRR 1.38; 1.33–1.42), and a higher risk of
30-day emergency readmission (OR 1.82; 1.35–2.47). Patients with depression had higher
inpatient mortality after adjustment for sociodemographic status (1.51; 1.03, 2.23) but not on
full adjustment, and had longer emergency readmission LOS (1.13; 1.04, 1.22) after adjustment
for sociodemographic factors and cardiovascular disease. Correlates of vascular surgery hospi-
talization among patients with depression included admission through emergency route for
longer LOS, inpatient mortality, and 30-day hospital readmission.
Conclusion. Patients with depression undergoing vascular surgery have substantially poorer
health outcomes. Screening for depression prior to surgery might be indicated to target
preventative measures.

Introduction

Depression has a high prevalence among patients with cardiovascular disease (CVD), including
coronary heart disease and peripheral arterial disease (PAD) [1, 2]. This association is in part
thought to be mediated by the hyperactivity of the immune system’s inflammatory response,
whereby chronic inflammation is associated with a greater risk of future cardiac events and
mortality [3, 4]. PAD is independently associated with increased pro-inflammatory markers in
people with depression, and is in itself associated with higher mortality risks [5–7]. Considering
the potential need for vascular surgery in PAD, individuals with depression have been found to
have greater post-operative pain for surgical procedures in general, which in turn has been
associated with decreased patient satisfaction and increased pulmonary and cardiac complica-
tions, increased mortality and morbidity, and a greater likelihood of developing chronic pain
[8–11]. Furthermore, inadequate self-health monitoring has been suggested in people with
depression compared to those without mental disorders. For example, it is reported that
individuals with depression may only decide to seek medical advice when their illness has
progressed significantly, andwhen they do, theymay be less likely to follow the recommendations
offered to them by clinicians [12, 13]. This poor communication between clinicians and patients
may also result in treatment being delayed even further [12]. Additionally, people with depres-
sion may adopt unhealthier habits such as smoking or excessively drinking alcohol; habits that
are potentially related to their mental health difficulties [14].
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Overall, the combination of predisposing mechanisms and
inequalities in healthcare receipt increases the risk of patients with
depression having poorer health outcomes following vascular sur-
gery. For example, PAD patients with depression have been
described as being at increased risk of severe progression of PAD
symptoms, increased mortality, increased re-intervention, and fail-
ure rates following peripheral revascularization, and a greater
likelihood of requiring major amputations [15–18]. Overall, higher
mortality rates have been observed following cardiac or vascular
surgeries, for patients with serious mental illnesses with affective
symptoms, such as bipolar disorder, post-traumatic stress disorder
[19, 20] and major depressive disorder, suggesting that depressive
mood episodes are particularly associated with this risk. Addition-
ally, psychiatric comorbidities such as anxiety have been associated
with greater post-operative mortality and morbidity, post-surgical
cardiac complications, and an increased risk of hospital admissions
[21, 22]. Whilst evidence an increased mortality risk has been
described in patients with depressive symptoms following cardio-
vascular surgery, post-operative health outcomes more generally
have received relatively little investigation. Furthermore, previous
participant samples have had relatively limited generalizability.
Other factors found to be associated with poorer surgical outcomes,
and therefore important to account for in investigations, have
included cessation of psychotropic medication prior to surgery
[23], lower household income [24], hypertension, older age, female
gender, African American ethnicity [25], and substance abuse such
as cannabis use [26, 27] and opioid use [28]. Furthermore, there is a
need to take into account the different vascular surgical procedures
most commonly received and/or recommended in healthcare
guidelines [29].

Therefore, this study aimed to quantify standardized admission
ratios (SARs) for vascular surgery in patients with diagnosed
depression, and to compare a broad range of post-operative health
outcomes between patients with depression and general population
counterparts. A secondary aim was to investigate predictors of
health outcomes following vascular surgery including four surgery
categories to compare findings for such patients: Aortic/visceral,
endovascular, Major vascular, Peripheral endovascular and Other,
in accordance with The National Institute for Health and Care
Excellence (NICE) guidelines [29].

Methods

Study setting and data source

A retrospective observational study was conducted using data from
the South London and Maudsley NHS Foundation Trust (SLaM)
Biomedical Research Centre Case Register which extracts data from
a mental healthcare provider (SLaM) serving a defined geographic
catchment of around 1.3 million residents in Lambeth, Lewisham,
Southwark, and Croydon boroughs of south London [30]. The
Clinical Record Interactive Search (CRIS) application was devel-
oped in 2007–2008 with National Institute for Health Research
funding to provide de-identified copies of SLaM’s electronic health
record [31] for research purposes, and has been subsequently
enhanced through natural language processing applications using
Generalized Architecture for Text Engineering software, extracting
information from text fields [30]. Data are currently archived in
CRIS on over 500,000 cases with a range of mental disorders, CRIS
has been linked with data from a variety of sources including
national Hospital Episode Statistics (HES), and the database

(including linkages) has full approval for secondary analysis
(Oxford Research Ethics Committee C, reference 18/SC/0372).
The study described here was covered by this database approval.

Sample

Using the linkage betweenCRIS andHES, patients were ascertained
who had vascular surgical procedure andwhowere living in SLaM’s
catchment between 1st January 2007 and 31st March 2018. Vascu-
lar surgery procedures were identified fromHES using the OPCS-4
codes outlined in the Supplementary Table S1. Using these data two
cohorts were created.

Initially, all patients who had vascular surgery procedure resid-
ing in SLaM catchment boroughs were identified (n=10,824). The
few patients who had missing data related to age and gender were
excluded (n=86), followed by exclusion of patients who were aged
under 18 at the time of vascular surgery (n=336). This left 10,402
adults who had received vascular surgery in this cohort. Out of this
number, 1,581 patients had received mental health assessment or
care from SLaM prior to the first instance of vascular surgery.
Cohort 1 comprised patients who had received a diagnosis of
depression (defined as ICD-10 codes F32 or F33; n=446), and
Cohort 2 comprised the remainder of adults living in the SLaM
catchment area who had no contact with SLaM (n=8821).

Once the cohorts were assembled, the types of vascular surgery
were classified into four groups, in accordance with NICE guide-
lines [29]: “Aortic/visceral Endovascular,” “Major open vascular,”
“Peripheral Endovascular,” and “Other.” This was to reflect differ-
ences in morbidity anticipated to be associated with different
vascular procedures and to allow appropriate comparison of
post-operative health outcomes.

Measurements

The index date for defining exposure and confounding variables
was the first date of admission to hospital for vascular surgery
during the surveillance period. At the index date, demographic
status was ascertained for patients, including age at vascular pro-
cedure, gender, ethnicity (White and non-White), marital status
(cohabiting or non-cohabiting), and index of multiple deprivation
(IMD 2015) statistics which include measures of income, employ-
ment, education, skills and training, health and disability, crime,
barriers to housing and services and living environment for each
patient’s neighborhood (UK Lower Super Output Area with pop-
ulation between 1,500 and 2,000) at the time of index date.

Furthermore, Health of the Nation Outcome Scales (HoNOS)
item scores and dates were extracted in the year preceding the
index date, and the most recent scores were included for analyses.
HoNOS are routinely administered in UK mental health services
to measure clinical and functional status, and include items
related to agitation self-injury, substance abuse, cognitive func-
tion, physical health, hallucinations, depressed, relationship, daily
living, living conditions, and occupational status, with severity
measured on 5-point Likert scales. For our analysis score of 0 and
1 is defined as no problem and score 2, 3, 4 is defined as having a
problem.

Other recorded psychiatric comorbidities, derived from struc-
tured diagnosis, were also measured in the year preceding the index
date including: (a) mental and behavioral disorders due to psycho-
active substance use (ICD-10 diagnosis F10–F19); (b) dementia
(F00, F01, F02, F03); (c) neurotic, stress-related, and somatoform
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disorders (F40–F48); (d) eating disorders (F50); (e) disorders of
adult personality and behavior (F60–F69).

Medications taken by participants 1 year before the index date
were identified in CRIS, extracted through natural language pro-
cessing, and use of the following were ascertained: antipsychotics,
antidepressants, antihypertensives (any), hypnotics, alpha blockers,
antihypertensives, analgesics, anxiolytics and hypnotics, beta
blockers, calcium channel blockers, diuretics, angiotensin II recep-
tor antagonists (Sartans), antidiabetes medication, and anticoagu-
lants. Subclasses of antihypertensives were not extracted in this
study.

Hospital admission information was obtained within the year
prior to the index date and CVD related admissions were identified
through ICD-10 diagnosis data: (a) ischemia and coronary heart
disease (I20–I25); (b) arrhythmia (I44–I49); (c) heart failure (I50);
(d) diabetes (E08–E13); (e) hypotension (I95–I99); (f) hypercho-
lesterolemia (E78); (g) hypertension (I10–I15). The following phys-
ical disability-related hospital admissions were ascertained based
on first listed discharge diagnosis: (a) urinary tract infections
(UTIs) (N39); (b) osteoporosis (M80–M85); (c) visual disturbance;
(d) syncope or collapse (R50–R69).

Emergency hospital admissions were identified using “admis-
sion methods” codes 21–24 and 28 as per NHS data dictionary
definition [32]. Elective admissions were defined from codes 11–13.

The following health outcomes were measured during the index
vascular surgery hospital spell:

1. Type of hospital admission for vascular surgery (emergency or
elective; odds ratio [OR]).

2. Length of hospital stay (LOS) for vascular surgery from date of
admission to date of discharge (incidence rate ratio (IRR) from
Poisson regression models).

3. Patient mortality following vascular surgery, as identified
through HES (OR).

The following outcomes were measured after the index admission
in people who were alive at discharge:

4. Readmission to hospital as an emergency within 30 days fol-
lowing discharge (OR).

5. LOS for emergency readmission as outlined in outcome 4, from
the date of admission to date of discharge (IRR from zero-
inflated Poisson regression models).

Statistical analysis

Vascular surgery SARs adjusted for age and gender were ascer-
tained for patients with depression (Cohort 1) who were admitted
to hospital for vascular surgery either via an elective or emergency
route and compared against all adults who had received vascular
surgery. When calculating SARs, all adults who had vascular sur-
gery, consisting of the SLaM catchment population (Lambeth,
Southwark, Lewisham, and Croydon residents) was used as the
standard reference population. SAR for vascular surgery was cal-
culated between 2007 and 2018 covering an average of 98,106
annual adults (age 18 and over) residing in the SLaM catchment
area (ONS population estimations). Out of this initial catchment
population, 374,332 residents were in contact with SLaM services
and 67,558 adults were diagnosed with depression. Out of this
sample of patients with depression, those who underwent vascular
surgery were ascertained and included in SAR calculation in com-
parison to those all adults who had vascular surgery in the SLaM
catchment population. Indirect age and gender standardization

method was used to measure SAR by ascertaining age/gender on
admission for the catchment population, and generating expected
admission rates from the known age/gender structure of the catch-
ment population.

Next, post-operative health outcomes were compared between
patients with depression and the general population comparison
cohort. Logistic regression analysis and subsequent OR calculations
were carried out to investigate associations with admission to
hospital via an elective or emergency route, presence or not of
inpatient mortality, and whether the patient was readmitted to
hospital via emergency route within 30 days of discharge. IRRs
from Poisson regression analyses were calculated to investigate
factors associated with LOS for the index admission, and zero-
inflated Poisson regression analyses were used for LOS for an
emergency hospital admission within 30 days. Outcomes were
incrementally adjusted for sociodemographic factors, CVD and
physical disability-related hospital admissions and final models
adjusted for emergency hospital admissions. Next, multivariable
analyses were carried out to investigate factors associated with
vascular surgery outcomes in patients with depression. Two out-
comes were measured: LOS (IRR) and inpatient mortality (OR).
Finally, multivariable analyses investigated predictors of health
outcomes during emergency readmission to hospital within 30 days
after discharge for patients with depression. Two outcomes were
investigated: odds of emergency hospital admission within 30 days
after index discharge (OR) and LOS for emergency hospital admis-
sion within 30 days after index discharge (IRR).

All regression analyses used backward elimination, starting with
all candidate variables from unadjusted analysis, testing the dele-
tion of each variable, deleting the variable (if any) whose loss gives
the most statistically insignificant deterioration of the model fit
(with elimination on the basis of a p-value greater than 0.10), and
repeating this process until no further variables can be deleted
without a statistically significant loss of fit. Akaike’s Information
Criteria (AIC) and Bayesian information criteria (BIC) were used to
determine the model fit. If AIC/BIC scores were within about 10 of
each other, the difference between the two models was considered
marginal. Both AIC and BIC were presented in each table. Further-
more, recommended robust standard errors [32] were obtained for
the parameter estimates to control for mild violation of underlying
assumptions and independent variables which were autocorrelated
were eliminated during this process. All statistical analyses were
carried out using STATA 13 software.

Results

Table 1 describes the sociodemographic, psychiatric, physical
health, and medical characteristics of the two cohorts. Of the total
sample population of 9,267 participants, 95.2% were comprised of
the general population in the SLaM catchment area without mental
health diagnoses and 4.8% patients had been diagnosed with
depression. The cohort of patients with depression had higher
proportions of emergency admissions for vascular surgery
(46.5%) and fewer elective admissions (53.5%), compared to the
comparison cohort of patients in the general population (33.5 and
66.5% for index vascular surgery hospitalizations, respectively).
Patients in the comparison cohort were slightly older (62.3 years)
compared to patients with depression (59.4 years). Relatively more
patients with depression were female (52.6%) as compared with the
general population (44.9%). Of the people undergoing vascular
surgery, those in the depression cohort were more often white
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Table 1. Characteristics of the study cohort compared with general population.

Characteristics General comparison population (n = 8,821)a Patients with depression (n = 446) p-Value

Mean (SD) age 62.3 (17.0) 59.4 (17.7) <0.001b

Female gender 3962 (44.9) 235 (52.6) <0.001c

Non-white ethnicity 4361 (49.4) 124 (27.7) <0.001c

Mean neighborhood IMD score (SD) 29.2 (10.9) 29.6 (11.0) 0.45b

HoNoS problems

Agitation problems 35 (7.8)

Self-injury problems 46 (10.3)

Substance abuse problems 32 (7.2)

Cognitive problems 61 (13.7)

Physical health problems 234 (52.4)

Hallucinations 21 (4.7)

Depressed 168 (37.6)

Relationship problems 87 (19.5)

Daily living problems 141 (31.5)

Living conditions problems 54 (12.1)

Occupational problems 96 (21.5)

Psychiatric comorbidities before vascular surgery

Mental and behavioral disorders due to psychoactive substance use (F10–F19) 24 (5.4)

Dementia 14 (3.1)

Neurotic, stress-related and somatoform disorders (F40–F48) 29 (6.5)

Disorders of adult personality and behavior (F60–F69) 21 (4.7)

Psychiatric medication before vascular surgery

Antipsychotics 70 (15.7)

Antidepressants 200 (44.7)

Anxiolytics and hypnotics 88 (19.7)

Physical health medication

Anticoagulants 41 (9.2)

Antidiabetics 26 (5.8)

Analgesics 78 (17.5)

Antihypertensives 88 (19.7)

Hospital admissions prior to vascular surgery

Previous physical disability-related admissions

Syncope and collapse 560 (6.3) 154 (34.5) <0.001c

Osteoporosis 135 (1.5) 35 (7.8) <0.001c

UTIs 204 (2.3) 89 (19.9) <0.001c

Previous CVD hospital admissions

Arrhythmia 1060 (12.0) 96 (21.5) <0.001c

Ischemia and coronary heart disease 1571 (17.8) 132 (29.5) <0.001c

Hypertension 4129 (46.8) 270 (60.4) <0.001c

Hypotension 287 (3.3) 61 (13.6) <0.001c

Diabetes 2028 (23.0) 157 (35.1) <0.001c

Heart failure 479 (5.4) 63 (14.1) <0.001c

Hypercholesterolemia 1633 (18.5) 141 (31.5) <0.001c
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(52.6%) than those from the comparison cohort (44.9%). Area level
deprivation score measured by IMD 2015 was not statistically
significant between patients with depression and general popula-
tion. Patients with depression were more likely to have had hospital
admissions related to physical disabilities, particularly syncope
(34.5% of patients with depression and 6.3% of the general popu-
lation) and UTIs (19.9% of patients with depression compared to
2.3% of the general population), as well asmore hospital admissions
related to CVD.

In terms of type of surgery, the comparison cohorts were similar
with respect to sub-groups (aortic/visceral endovascular, major
open vascular, peripheral endovascular, and other) with the highest
proportion undergoing peripheral endovascular surgeries, apart
from “other” surgeries. Emergency and elective vascular surgery
SARs for patients with depression were 3.30 (95% CI: 2.88, 3.78)
and 1.79 (95% CI: 1.55, 2.00) respectively, thus showing higher
likelihoods of both emergency and elective admissions compared to
those expected from the general population.

Table 2 displays analyses of post-operative health outcomes
following vascular surgery for the two cohorts, successively
adjusted for covariates. In summary, patients with depression were
more likely to be admitted to hospital for index vascular surgery via
an emergency route than elective route as compared to the general
population and had a 38% longer index LOS. Furthermore, patients
with depression also had higher odds of emergency readmission to
hospital within 30 days of discharge from index hospitalization;
however, longer 30-day hospitalizations, were no longer significant
when adjusted for physical disability related hospital admissions
and emergency vascular hospitalization. Similarly, higher inpatient
mortality after adjustment for age, gender, ethnicity, and IMD
score, was no longer significant when further adjusted for CVD
and physical disability related hospital admissions and emergency
vascular hospital admissions.

Table 3 summarizes post-operative vascular surgical outcomes
for patients with depression compared with the general population,
categorized by type of vascular surgery (all adjustments are sum-
marized in Supplementary Table S2). After adjusting for socio-
demographic, physical, and CVD related confounding factors,
patients with depression who had aortic/visceral endovascular
surgery demonstrated significantly higher ORs for emergency read-
missions within 30 days, had a 33% longer LOS for the index
vascular hospital admission and also a 34% longer LOS for
30-day readmissions, as compared with the general population
cohort. Patients with depression who had major open vascular
surgery had 24% longer LOS for index vascular surgery compared
with general population cohort. Patients with depression who
received peripheral endovascular surgery had higher odds of both
emergency hospital admission for the index vascular surgery and
30-day emergency readmission as well as a 47% longer LOS for the
index vascular surgery; however, on the other hand the case group
had a 23% shorter LOS for the 30-day hospital readmission, as
comparedwith the general population cohort. Among patients with
depression who underwent “other” vascular surgery, a 10% longer
LOS for the index episode was found as compared with the general
population cohort.

Table 4 displays factors associated with post-operative health
outcomes for patients with depression (univariate and multivariate
models are available in Supplementary Table S3 for index hospital-
izations and Supplementary Table S4 include univariate and multi-
variate models for 30-day hospital readmissions). Factors associated
with emergency index hospitalization for vascular surgery included
White ethnicity, having cognitive problems and having a previous
hospital admission related to UTI. Factors predicting increased LOS
for vascular surgery included admission via the emergency route,
White ethnicity, higher neighborhood deprivation, having agitation
problems, having cognitive problems, having daily living problems,

Table 1. Continued

Characteristics General comparison population (n = 8,821)a Patients with depression (n = 446) p-Value

Type of vascular surgery

Aortic/visceral endovascular 900 (10.2) 33 (7.4) 0.06c

Major open vascular 1362 (15.4) 59 (13.2) 0.21c

Peripheral endovascular 2782 (31.5) 146 (32.7) 0.60c

Other 3777 (42.8) 208 (46.7) 0.12c

Post-operative outcomes

Outcomes during vascular surgery

Method of admission for vascular surgery

Elective 5868 (66.5) 239 (53.5) <0.001c

Emergency 2953 (33.5) 208 (46.5) <0.001c

Mean (SD) vascular surgery spell length (days) 5.5 (11.6) 11.8 (20.2) <0.001b

Inpatient mortality 421 (4.8) 30 (6.7) 0.06c

Outcomes within 30-days discharge from vascular surgery

Had emergency hospital admission 689 (7.8) 73 (16.3) <0.001c

Mean (SD) LOS (days) for emergency hospital readmission 9.4 (17.1) 10.1 (18.8) 0.40b

Abbreviations: CVD, cardiovascular disease; IMD, index of multiple deprivation; LOS, length of hospital stay; UTI, urinary tract infection.
aOnly included patients without any contacts with South London and Maudsley NHS foundation Trust residing in four catchment boroughs.
bp-Value was obtained using t-test for mean difference between general comparison population and patients with depression.
cp-Value was obtained using chi squared test with one degree of freedom for difference between general comparison population and patients with depression.
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having neurotic, stress-related, and somatoformdisorders, receiving
antipsychotics, antidepressants, and analgesic medication, having
previous hospital admissions related to UTIs and previous CVD
related hospital admissions related to arrhythmia, ischemia, and
coronary heart disease, hypotension, diabetes, or heart failure. Fac-
tors associated with fewer number of days spent in hospital for
vascular surgery included non-white ethnicity, hallucinations/delu-
sions, substance abuse problems, and living conditions problems
(as rated on the HoNOS), having dementia, receiving medication
such as anxiolytics and hypnotics and antihypertensives, having
previous hospital admissions due to syncope, osteoporosis, or
hypercholesterolemia. Inpatient mortality was associated with
admission via the emergency route and having previous hospital
admissions relating to arrhythmia.

Considering subsequent hospitalization (Table 4) emergency
hospital readmissions within 30 days of discharge following vas-
cular surgery were associated with emergency route index admis-
sion, presence of mental and behavioral disorders due to
psychoactive substance use and previous hospital admissions
due to syncope and collapse or hypercholesterolemia. LOS for
emergency 30-day readmissions was positively associated with
male gender, agitation problems, being depressed, having occu-
pational problems, taking antidepressants, and previous hospital
admissions related to UTI’s, while it was negatively associated
with self-injury problems, mental, and behavioral problems due to
psychoactive substance use, disorders of adult personality, and
behavior, and having previous hospital admissions relating to
syncope and heart failure.

Table 2. Regression analyses of post-operative vascular surgery outcomes for patients with depression compared with those from the general population.

Index vascular surgery hospitalization Subsequent readmission

Adjustments
OR for emergency route of

admission IRR for LOS
OR for mortality during

index admission
OR for emergency readmission

within 30 days
IRR for LOS of 30-day

readmission

Univariate
(unadjusted)
(n = 9,267)

1.72 (1.42, 2.08), <0.001 2.16 (2.10, 2.22),
<0.001

1.44 (1.00, 2.11), 0.05 2.31 (1.78, 3.00), <0.001 1.13 (1.05, 1.22), <0.001

Model 1a

(n = 9,267)
1.81 (1.50, 2.20), <0.001 2.27 (2.21, 2.34),

<0.001
1.59 (1.08, 2.34), 0.02 2.46 (1.89, 3.21), <0.001 1.15 (1.07, 1.24), <0.001

Model 2b

(n = 9,262)
1.71 (1.41, 2.08), <0.001 2.23 (2.16, 2.29),

<0.001
1.51 (1.03, 2.23), 0.04 2.43 (1.86, 3.18), <0.001 1.15 (1.07, 1.25), <0.001

Model 3c

(n = 9,262)
1.36 (1.10, 1.68), 0.01 1.78 (1.72, 1.83),

<0.001
1.04 (0.68, 1.60), 0.85 2.05 (1.55, 2.72), <0.001 1.13 (1.04, 1.22), <0.001

Model 4d

(n = 9,262)
1.28 (1.03, 1.59), 0.04 1.27 (1.23, 1.32),

<0.001
0.73 (0.45, 1.17), 0.19 1.79 (1.32, 3.43), <0.001 1.02 (0.92, 1.12), 0.78

Model 5e

(n = 9,262)
1.38 (1.33, 1.42),

<0.001
0.87 (0.55, 1.38), 0.56 1.82 (1.35, 2.47), <0.001 0.97 (0.88, 1.07), 0.53

Abbreviations: IRR, incidence rate ratio; LOS, length of hospital stay; OR, odds ratio.
aModel 1 (adjusted for age and gender).
bModel 2 (adjusted for model 1 + ethnicity and IMD score).
cModel 3 (adjusted for model 2 + CVD hospital admission).
dModel 4 (adjusted for model 3 + physical disability related hospitalization).
eModel 5 (adjusted for model 4 + emergency vascular hospital admission).

Table 3. Post-operative vascular surgery outcomes for patients with depression compared with those from the general population by type of vascular surgery
OR/IRR (95% CI), p-Value.

Index vascular surgery hospitalization Subsequent readmission

Type of vascular
surgery

OR for emergency
route of admission$ IRR for LOS*

OR for mortality during
index admission*

OR for emergency readmission
within 30 days*

IRR for LOS of 30-day
readmission*

Aortic/visceral
endovascular
(n = 933)

1.36 (0.89, 2.84), 0.74 1.33 (1.18, 1.50), <0.001 0.94 (0.10, 8.54), 0.95 2.42 (1.02, 6.72), 0.05 1.34 (1.02, 2.03), 0.04

Major open
vascular
(n = 1,420)

1.04 (0.62, 1.78), 0.62 1.24 (1.15, 1.33), <0.001 0.89 (0.25, 3.09), 0.85 1.10 (0.48, 2.51), 0.82 0.79 (0.61, 1.02), 0.07

Peripheral
endovascular
(n = 3,984)

1.32 (1.01, 1.87), 0.05 1.47 (1.41, 1.53), <0.001 0.66 (0.37, 1.18), 0.16 2.32 (1.52, 3.55), <0.001 0.77 (0.67, 0.88), <0.001

Other (n = 2,925) 0.75 (0.49, 1.16), 0.20 1.10 (1.01, 1.20), 0.04 1.51 (0.39, 5.81), 0.55 1.47 (0.80, 2.70), 0.22 0.95 (0.74, 1.22), 0.69

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; LOS, length of hospital stay; OR, odds ratio.
$adjusted for age, gender, ethnicity, IMD score, CVD hospital admission, physical disability related hospitalisation
*Adjusted for age, gender ethnicity, IMD score, CVD hospital admission, physical disability related hospitalisation and emergency vascular hospital admission
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Table 4. Multivariate analysis showing predictors of health outcomes during vascular surgery spell and during emergency readmission to hospital within 30 days
after discharge from hospital after vascular surgery spell for patients with depression.

Index vascular surgery hospitalization Subsequent readmission

Predictors

OR for emergency route of
admission during index
hospitalizationa (n = 265) IRR for LOSa (n = 256)

OR for mortality
during index
admissiona

(n = 443)

OR for emergency
readmission within
30 daysa (n = 443)

IRR for LOS of
30-day

readmissiona

(n = 338)

Index admission-admitted to
hospital via emergency
route

5.09 (4.61, 5.63), <0.001 15.15 (3.48,
65.95), <0.001

1.99 (1.15, 3.43), 0.01

Sociodemographic characteristics

10 year increase in age at
hospital admission

Male gender 0.36 (0.15, 0.88),
0.01

1.70 (1.40,
2.08), <0.001

Non-white ethnicity 0.51 (0.30, 0.86), 0.01 0.80 (0.73, 0.88), <0.001

10-unit increase in IMD 1.05 (1.01, 1.09), 0.02

HoNoS problems

Agitation problems 1.15 (1.00, 1.32), 0.05 1.61 (1.01,
2.57), 0.05

Self-injury problems 0.41 (0.3, 0.58),
<0.001

Substance abuse problems 0.84 (0.72, 0.99), 0.03

Cognitive problems 1.99 (1.04, 3.80), 0.04 1.47 (1.33, 1.62), <0.001

Hallucinations 0.50 (0.40, 0.61), <0.001

Depressed 1.67 (1.35, 2.06),
<0.001

Daily living problems 1.45 (1.34, 1.58), <0.001

Living conditions problems 0.83 (0.74, 0.93), <0.001

Occupational problems 2.30 (1.8, 2.95),
<0.001

Psychiatric diagnosis

Mental and behavioral
disorders due to
psychoactive substance use
(F10–F19)

2.52 (1.01, 6.50), 0.05 0.34 (0.23,
0.50), <0.001

Dementia 0.67 (0.57, 0.78), <0.001

Neurotic, stress-related and
somatoform disorders (F40–
F48)

1.33 (1.16, 1.52), <0.001

Disorders of adult
personality and behavior
(F60–F69)

0.12 (0.04,
0.31), <0.001

Psychiatric medication before vascular surgery

Antipsychotics 1.15 (1.02, 1.29), 0.02

Antidepressants 1.11 (1.01, 1.22), 0.03 1.98 (1.62,
2.41), <0.001

Anxiolytics and hypnotics 0.67 (0.59, 0.75), <0.001

Physical health medication

Analgesics 1.21 (1.09, 1.33), <0.001

Antihypertensives 0.78 (0.70, 0.86), <0.001

Previous physical disability-related admissions

Syncope and collapse 0.88 (0.81, 0.95), <0.001 1.74 (1.02, 2.98), 0.04 0.62 (0.52,
0.74), <0.001
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Discussion

This study investigated admission rates and post-operative health
outcomes of vascular surgery for patients with depression com-
pared to the general population, and to estimate key predictors of
these outcomes. The primary investigation found a significantly
raised SAR for emergency as well as elective hospital admissions for
patients with diagnosed depression compared to the general pop-
ulation living in the same catchment area, therefore suggesting a
greater risk to cardiovascular health for patients with depression,
consistent with previous research [1, 2, 33]. Patients with depres-
sion also had a higher likelihood of emergency rather than elective
index admission, a longer index hospital LOS for vascular surgery
and a higher risk of 30-day emergency hospital readmission, after
taking into account a wide range of potential confounding factors.

Considering health outcomes measured at the index hospitali-
zation, patients with depression were significantly more likely to
have been admitted via an emergency route and then also stayed in
hospital for longer. However, although inpatient mortality rates
during index hospitalization were greater for patients with depres-
sion, this did not differ significantly to general public counterparts
in fully adjusted analyses. This suggests that higher post-operative
mortality for patients with depression is at least partly accounted
for by the physical health comorbidity present in this population,
whereas this does not account for emergency admission and LOS
outcomes. Determining predictors of each outcome can be helpful
in identifying underlying correlates that may explain different
outcome profiles. Predictors including white ethnicity, having cog-
nitive problems and having previous UTI related hospital admis-
sions were associated with both emergency index admission and
index hospital LOS. It is plausible that depression is associated with
cognitive problems and poorer lifestyle habits, resulting in UTI’s,
which might explain the increased risk for vascular surgery

outcomes. Furthermore, factors associated with inpatient mortality
include emergency admission and previous arrhythmia-related
admissions, which were also associated with index LOS.

Considering further hospitalization, patients with depression
were significantly more likely to have emergency readmissions,
although the LOS for these readmission episodes did not differ
significantly between patients with depression and the general
population in fully adjusted models, thus suggesting that comor-
bidity might account for observed differences, similar to index
inpatient mortality as an outcome. Previous research suggests that
risk factors associated with 30-day readmission due to infections
following lower extremity vascular procedures include longer LOS,
previous infections, anemia, and included UTI infections
[34]. Findings in our cohort of people with diagnosed depression
indicate that emergency 30-day hospital readmission is associated
with emergency index admission, and that longer readmission LOS
is associated previous UTI-related admissions, supporting previous
findings. Diabetes diagnoses at index hospitalization was associated
with longer index LOS in the present study, yet predicted emer-
gency 30-day readmission in previous findings [34]. Differences in
predictors for LOS between the index and readmission hospitali-
zations warrant further research, ideally with more information
than could be gathered here on inpatient pathways of care and on
aftercare provided in the periods between hospitalization episodes.

The impact of depression on vascular surgery outcomes may
also depend on the type of vascular procedure. In the present study,
we categorized four broad types of vascular surgery: aortic/visceral
endovascular, major open vascular, peripheral endovascular, and
other vascular. Patients with depression did not differ from the
general population in the types of vascular procedures that were
carried out; however, in terms of post-operative health outcomes,
patients with depression undergoing endovascular procedures had

Table 4. Continued

Index vascular surgery hospitalization Subsequent readmission

Predictors

OR for emergency route of
admission during index
hospitalizationa (n = 265) IRR for LOSa (n = 256)

OR for mortality
during index
admissiona

(n = 443)

OR for emergency
readmission within
30 daysa (n = 443)

IRR for LOS of
30-day

readmissiona

(n = 338)

Osteoporosis 0.72 (0.64, 0.82), <0.001

UTIs 2.59 (1.39, 4.83), <0.001 1.41 (1.29, 1.54), <0.001 2.03 (1.67,
2.48), <0.001

Previous CVD hospital admissions

Arrhythmia 3.54 (1.59, 7.86), <0.001 5.29 (2.12,
13.21), <0.001

Ischemia and coronary heart
disease

1.65 (1.49, 1.82), <0.001

Hypertension 0.29 (0.11,
0.71), <0.001

Hypotension 1.42 (1.27, 1.58), <0.001 2.45 (1.02,
6.58), 0.04

Diabetes 1.15 (1.07, 1.25), <0.001

Heart failure 1.86 (1.70, 2.04), <0.001 0.68 (0.52,
0.89), 0.01

Hypercholesterolemia 0.69 (0.62, 0.76), <0.001 2.39 (1.39, 4.10),
<0.001

Abbreviations: CVD, cardiovascular disease; IMD, index of multiple deprivation; IRR, incidence rate ratio; LOS, length of hospital stay; OR, odds ratio; UTI, urinary tract infections.
aMultivariate analysis adjusted for each other variables.
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longer index LOS, readmission LOS, and emergency readmission.
In comparison, although index LOS was significantly longer for
patients with depression, other outcome risks were not as pro-
nounced for major open vascular procedures. The key difference
between these types of procedures is that the endovascular pro-
cedures are markedly less invasive than the major open proce-
dures. Due to the more complex nature of the surgeries, major
open procedures inherently pose a greater risk for physiological
insult, resulting in longer LOS, greater post-operative complica-
tions or pain, and other challenges. As the standard recovery
processes for these procedures are generally more complex, the
implications for patients with depression may not be as observ-
able, or at least not in the current study sample. For less invasive
procedures, post-operative recovery is not as debilitating and so
patientsmay be recognized as safe for dischargemuch sooner than
for major open procedures. In these instances, the detrimental
implications of depression may be more discernible following
surgery. For example, post-operative pain, decreased treatment
adherence, and risk lifestyles [8–14] might result in the observed
increased likelihood of emergency readmission and longer LOS.
The implications for index and readmission emergency hospital-
ization, as well as index and readmission LOS should definitely be
considered for patients with depression undergoing any type of
vascular surgery.

This study does have several limitations. First, our findings are
observational and drawn from routine electronic health records
and so causal inferences cannot conclusively be drawn. Second,
data were not available on detailed post-operative monitoring and
care, although previous research has reported higher rates of hos-
pital readmissions following less adequate inpatient care and post-
operative complications [35, 36]. Similarly, volume of surgeries and
surgeon training also have implications for patient prognosis [37]
but could not be taken into account. Third, findings on outcomes
and predictors were limited to patients from a single site and
catchment, and further evaluation is required to establish wider
generalizability. Finally, data extracted had some limitations in
scope; for example, we did not collect information on different
types of antihypertensives.

Overall, the naturalistic, large scale data used in this study, based
on an ethnically diverse, varied population were key strengths over
some of the more selected samples investigated to date, and to our
knowledge, this study is the first of its kind to assess the associations
betweenmental health and vascular surgery outcomes on this scale.
Further research, particularly involving more detailed information
on inpatient and outpatient care, is needed to determine why these
risks to patients with depression might have been observed,
whether these risks actually differ between types of vascular pro-
cedures and if these findings are replicated with othermental health
conditions. The findings have potentially major implications for
pre-operative assessments in patients being selected for vascular
surgery or requiring this as an emergency. In this respect, we
recommend that patients are screened for depression, particularly
if the patient is undergoing endovascular procedures, that the
implications for their recovery and prognosis are considered, and
that interventions are developed and evaluated to improve equality
of care and outcomes.
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