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Abstract
Purpose  An association of anxiety with surgical outcomes has been suggested, including with open ventral hernia repair 
(OVHR). This study examines the interaction of multiple comorbidities, including anxiety, depression, chronic pain, and 
hernia characteristics with outcomes after OVHR.
Methods  Patients with anxiety were identified in an existing, prospectively collected, data set of OVHR with preoperative 
work-up including CT scans (2007–2018). A patient with a diagnosis or prescription for anxiolytics, anti-depressants, or 
narcotics was considered to have anxiety, depression, or chronic pain, respectively. Hernia characteristics were analyzed 
using 3D volumetric software. Univariate and multivariate analyses were performed to assess for the impact of anxiety on 
surgical outcomes.
Results  A total of 1178 OVHRs were identified. The diagnosis of anxiety (23.9%) was associated with female gender 
(29.1% females vs. 16.9% males, p = 0.002), depression (56.7 vs. 18.8%, p < 0.0001), preoperative chronic pain (43.6 vs. 
26.9%, p < 0.0001), COPD, arrhythmia, history of MRSA, and sleep apnea (p ≤ 0.05 all values). Patients with anxiety had 
larger hernia volume and defect size, and were more likely to undergo component separation, with higher rates of wound 
complication and intervention for pain (p ≤ 0.05 all values). After multivariate analysis controlling for multiple potentially 
confounding factors, the comorbidities of anxiety, depression, and preoperative chronic pain were not found to be signifi-
cantly associated with adverse outcomes.
Conclusions  The diagnosis of anxiety is associated with preoperative comorbidity, surgical complexity, and adverse outcomes 
after OVHR. However, when comorbidities are controlled for, the diagnosis of anxiety, depression or preoperative pain does 
not independently predict adverse outcomes. In this context, anxiety may be considered a marker of patient comorbidity in 
a complex patient population.
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Introduction

The association of psychological diagnosis with outcomes 
after surgery has been an object of study for decades. The 
estimated global prevalence of anxiety is 7.3%–16.2%, 
accounting for the 6th leading cause of disability world-
wide [1-3]. Anxiety disorders share the characteristics of 
excessive fear and apprehension, with related behavioral 

disturbances. Generalized anxiety disorder is characterized 
by over 6 months of excessive and/or persistent worrying 
which causes significant distress or impairment [4]. The 
traits of depression, anxiety, and chronic pain are consid-
ered correlated, with depression and anxiety associated with 
development and persistence of both acute and chronic pain 
[5, 6]. This has important implications for management of 
surgical patients, as these diagnoses may impact postopera-
tive resolution of symptoms. In 1986, Taenzer et al. estab-
lished an association between patient trait anxiety and post-
operative outcomes of anxiety, depression, and chronic pain 
after cholecystectomy [7], a finding which Mertens et al. 
has since repeated [8]. With several publications suggesting 
a connection between diagnoses of anxiety and experience 
of postoperative pain, a patient’s perioperative experience 
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may be influenced by pre-existing diagnoses of depression, 
anxiety and/or chronic pain [9].

Apart from the association of preoperative with postop-
erative psychological diagnosis, the association of preopera-
tive depression and anxiety with morbidity and mortality 
after cardiac intervention has been suggested. After cardiac 
surgery, this includes increased length of stay, persistence of 
post-surgical pain, and higher rates of readmission, morbid-
ity, mortality [10-12]. The causative link of these adverse 
outcomes is not yet elucidated, as differences in outcomes 
persist even after controlling for higher rates of COPD, 
hypertension, tobacco use, and obesity in patients with anxi-
ety [12]. This correlation of anxiety with patient comorbidity 
and adverse outcomes has been occasionally duplicated in 
non-cardiac surgery [13].

In the setting of hernia repair, the association of preopera-
tive symptoms with postoperative pain and quality of life has 
been well established [14-17]. However, few studies have 
investigated the relationship of chronic pain, anxiety, and 
depression with adverse outcomes after surgical interven-
tion. In 2018, Neff et al. established an association of anxi-
ety with longer length of stay and higher readmission rates 
after hernia repair, but this association was not present after 
controlling for multiple confounding comorbidities [18]. 
Here we aim to examine the relationship of preoperative 
psychological diagnoses, specifically anxiety, depression and 
pain, on outcomes after open ventral hernia repair (OVHR).

Methods

A prospective, hernia-specific, institutional database was 
queried for patients undergoing open ventral hernia repair 
(OVHR) from 2007 to 2018. Patients were identified who 
had one adequate preoperative CT scan within 1 year of 
OVHR. Adequate CT scans included the entirety of the 
abdomen, pelvis, and hernia sac. For the purpose of this 
study, a diagnosis of anxiety was defined as an existing 
prescription for anxiolytics for anxiety disorder, or a docu-
mented diagnosis of anxiety in the medical record. Preopera-
tive chronic pain was defined as an existing opioid prescrip-
tion and/or relationship with pain specialist before operative 
intervention. Postoperative intervention for pain was defined 
as referral to a pain specialist and/or procedural interven-
tion such as suture injection or surgery for continued pain. 
Demographics, operative and hernia details, and outcomes 
were reviewed. The outcomes of interest were wound com-
plication, readmission, reoperation, hernia recurrence, and 
percutaneous drain placement, as well as systemic complica-
tions such as pneumonia, reintubation, sepsis, urinary tract 
infection, cardiac dysrhythmias. This study was approved by 
the Institutional Review Board of Carolinas Medical Center.

3D CT measurements

Analysis of CT scans was performed with Terarecon soft-
ware Aquarius, iNtuition Edition version 4.4.13. This three-
dimensional volumetric software outlines the abdominal 
wall and captures intra-abdominal fat volume (IAV), sub-
cutaneous fat volume (SQV), and hernia volume (HV). 
Calculations were performed and corrected by a blinded 
reviewer for each patient. To ensure reviewer accuracy, two 
independent, blinded reviewers measured a subset of 100 
patients and found excellent concordance between results. 
The hernia defect was measured in length and width for each 
patient. Based on prior studies, the abdominal compartment 
was measured from the top of the diaphragm to the superior 
border of the pubic symphysis [19]. The hernia volume (HV) 
was calculated from the top of the hernia sac or defect to the 
bottom of the hernia sac or defect, whichever was greater. 
When the sac overhung the pubic symphysis, it was meas-
ured from the most inferior point. The ratio of hernia vol-
ume-to-intra-abdominal volume was calculated (HV:IAV).

Statistical analysis

Standard statistical methods were utilized to analyze data 
in the SAS® Program version 9.4 (SAS, Cary, NC, USA). 
Means and standard deviations were utilized to describe con-
tinuous variables and counts and percentages were used for 
categorical variables. T-tests and Wilcoxon–Mann Whitney 
tests were used to compare continuous variables. Chi-square 
and Fisher’s exact tests were used to compare categorical 
variables. Statistical significance was set at p ≤ 0.05.

Multivariate analysis was performed to control for poten-
tial confounding factors including BMI, defect size, hernia 
volume, anxiety, sex, asthma, arrhythmia, COPD, depres-
sion, MRSA, preoperative chronic pain, number of previ-
ous surgeries, and case contamination. Variables used in 
multivariate logistic regression were selected based on fac-
tors identified as statistically different between groups in 
univariate analysis (p < 0.05), and factors known to poten-
tially influence operative outcomes based on prior hernia 
studies. The level of significance was set at p < 0.05 for all 
comparisons.

Results

A total of 1,178 OVHR patients were identified who met 
inclusion criteria. Mean age was 58.5 ± 12.4 years, mean 
BMI 34.2 ± 7.7 kg/m2, and 57.8% of patients were female. 
The diagnosis of anxiety was present in 23.9% of patients 
(n = 282), with significant differences in comorbidities 
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between groups. Patients with the diagnosis of anxiety 
were more likely to be female (29.1% females vs. 16.9% 
males), had a higher number of previous abdominal sur-
geries (3.2 ± 1.6 vs. 2.9 ± 1.4, p = 0.002), to have depres-
sion (56.7 vs. 18.8%, p < 0.0001), and to have preoperative 
chronic pain (43.6 vs. 26.9%, p < 0.0001). Patients with anxi-
ety also had higher rates of COPD, arrhythmia, history of 
MRSA, and sleep apnea (Table 1). There was no difference 
in BMI, chronic steroid use, diabetes, or history of tobacco 
use between patients who did and did not have the diagnosis 
of anxiety (Table 1).

Upon review of hernia and CT characteristics, patients 
with anxiety had larger mean defect area (166.6 ± 144.0 vs. 
145.5 ± 133.9 cm2, p = 0.04) and larger mean hernia vol-
ume (1,131.9 ± 1,525.4 cm3, p = 0.05 vs. 912.8 ± 1218.3) 
(Table 2). There was no difference in history of previous her-
nia recurrence, number of prior hernia repairs, subcutaneous 

fat volume, or intra-abdominal volume. In the operating 
room, patients with anxiety were more likely to undergo 
component separation (55.3 vs. 46.3%, p = 0.008), with 
advancement flaps (70.2 vs. 62.5%, p = 0.02). They also 
had higher rates of case contamination, which approached 
statistical significance (30.9 vs. 25.1%, p = 0.06) (Table 3).

After OVHR, patients with anxiety had a higher rate 
of wound complication (38.3 vs. 31.2%, p = 0.03), longer 
length of stay (9.1 ± 9.8 vs. 8.0 ± 6.0 days, p = 0.002), and 
were more likely to require intervention for pain (24.1 vs. 
15.5%, p = 0.009). There was no difference in readmission, 
reoperation, or recurrence, or of systemic complications 
such as pneumonia, reintubation, or septicemia (Table 4).

A multivariate analysis was performed to control for 
the multiple potential confounding factors in this analy-
sis  (Table 5). The comorbidities of anxiety, depression, 
hernia volume, arrhythmia, history of MRSA infection, 

Table 1   Patient characteristics 
and comparison of patients with 
and without anxiety

* Univariate analysis comparing patients with and without anxiety

Comorbidities All No anxiety Anxiety p value*
n = 1178 n = 896 (76.1%) n = 282 (23.9%)

BMI, kg/m2 (mean, SD) 34.2 ± 7.7 33.3 ± 7.7 33.9 ± 8.0 0.32
Age, years (mean, SD) 58.5 ± 12.4 58.8 ± 12.7 58.5 ± 11.2 0.81
No. previous surgeries (mean, SD) 3.0 ± 1.5 2.9 ± 1.4 3.2 ± 1.6 0.002
Female (%) 57.80 53.9 70.2  < 0.0001
Chronic steroid (%) 6.9 6.9 6.7 0.92
Arrhythmia (%) 4.2 3.4 7.1 0.007
COPD (%) 8.4 6.7 13.8 0.0002
Depression (%) 27.8 18.8 56.7  < 0.0001
Diabetes (%) 31.0 30.7 31.9 0.70
History of DVT (%) 12.8 11.4 17.4 0.009
History of MRSA (%) 8.5 6.8 13.8 0.002
History of smoking (%) 15.0 14.1 18.1 0.10
Hypertension (%) 65.3 63.2 71.6 0.01
Hypothyroid (%) 16.6 14.5 23.1 0.0008
Sleep Apnea (%) 14.8 13.6 18.4 0.047
Preop chronic pain (%) 30.5 26.9 43.6  < 0.0001

Table 2   Hernia characteristics 
and comparison of female and 
male patients

* Univariate analysis comparing patients with and without anxiety

Hernia and CT characteristics All No anxiety Anxiety p value*
n = 1178 n = 896 (76.1%) n = 282 (23.9%)

Recurrent (%) 66.0 66.4 64.9 0.64
 No. previous hernia repair (mean, SD) 2.3 ± 2.2 2.3 ± 2.2 2.3 ± 2.1 0.93

Defect area, cm2 (mean, SD) 150.8 ± 136.7 145.5 ± 133.9 166.6 ± 144.0 0.04
 Width, cm (mean, SD) 10.4 ± 5.4 10.2 ± 5.4 11.0 ± 5.5 0.05
 Length, cm (mean, SD) 12.2 ± 6.5 12.0 ± 6.5 12.8 ± 6.5 0.08

Subcutaneous fat, cm3 (mean, SD) 7458.8 ± 3440.6 6641.1 ± 3545.5 6989.4 ± 3645.2 0.13
Intra-abdominal, cm3 (mean, SD) 4250.2 ± 2118.1 4306.4 ± 2120.1 4081.1 ± 2107.0 0.07
Hernia volume, cm3 (mean, SD) 699.9 ± 1303.5 490.2 ± 920.5 1131.9 ± 1525.4 0.05
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and preoperative chronic pain were not found to be signifi-
cantly associated with reoperation, readmission, recurrence, 
wound complication, systemic complications, pneumonia, 
reintubation, septicemia or postoperative intervention for 

pain. Wound complications were found to be associated 
with BMI (OR 1.07, CI 1.05–1.09), female sex (OR 1.41, 
CI 1.02–1.94), COPD (OR 2.74, CI 1.47–4.16), and wound 
contamination (OR 2.13, CI 1.53–2.96). Reoperation for 

Table 3   Operative 
characteristics and comparison 
of female and male patients

* Univariate analysis comparing patients with and without anxiety

Operative details All No anxiety Anxiety p value*
n = 1178 n = 896 (76.1%) n = 282 (23.9%)

Component Separation 48.0 46.3 55.3 0.008
Advancement flaps (%) 64.4 62.5 70.2 0.02
Panniculectomy (%) 33.7 32.4 37.9 0.08
Fascial closure (%) 90.1 90.2 90.4 0.9
Contaminated (%) 26.2 25.1 30.9 0.06
Operative time 202.2 ± 87.9 200.4 ± 85.7 207.7 ± 94.1 0.36

Table 4   Outcomes after open 
ventral hernia repair

* Univariate analysis comparing patients with and without anxiety

All No anxiety Anxiety p value*
n = 896 (76.1%) n = 282 (23.9%)

Length of stay (days) 8.2 ± 7.0 8.0 ± 6.0 9.1 ± 9.8 0.002
Wound complication (%) 32.9 31.2 38.3 0.03
Readmission (30-day) (%) 12.8 12.5 13.8 0.56
Readmission (lifetime for hernia) (%) 21.7 20.8 24.8 0.15
Reoperation (%) 20.3 20.0 21.3 0.64
Recurrence (%) 10.7 10.9 9.9 0.63
Percutaneous drain for seroma (%) 17.2 16.4 19.9 0.18
Intervention for pain (%) 17.6 15.5 24.1 0.0009
Pneumonia (%) 3.2 3.2 3.2 0.97
Reintubation (%) 4.3 3.9 5.7 0.20
Septicemia (%) 1.6 2.5 1.6 0.18
Clavien–Dindo ≥ 3 (%) 34.2 33.2 37.6 0.17
 Clavien–Dindo 3a 6.3 5.8 7.8 0.23
 Clavien–Dindo 3b 18.8 19.1 17.7 0.19

Table 5   Predictors of operative 
outcomes

Multivariate analysis controlling for BMI, defect size, hernia volume, anxiety, sex, asthma, arrhythmia, 
COPD, depression, MRSA, preoperative chronic pain, number of previous surgeries, case contamination
Bold values indicates statistically significant
** OR (CI) odds ratio (confidence interval)

Risk factor Wound complication Reoperation Readmission Recurrence
OR (CI)** OR (CI) OR (CI) OR (CI)

Anxiety 1.01 (0.70–1.45) 0.87 (0.58–1.29) 0.98 (0.67–1.44) 0.85 (0.50–1.46)
BMI 1.07 (1.05–1.09) 1.02 (1.00–1.04) 1.02 (1.01–1.04) 1.01 (0.98–1.03)
Defect Size 1.001 (1.00–1.003) 1.02 (1.01–1.03) 1.00 (1.00–1.002) 1.00 (1.00–1.001)
Female 1.41 (1.02–1.94) 1.05 (0.74–1.48) 1.77 (1.25–2.51) 0.82 (0.52–1.31)
Asthma 1.30 (0.89–1.89) 1.54 (1.03–2.28) 1.29 (0.88–1.91) 1.83 (1.09–3.07)
COPD 2.47 (1.47–4.16) 1.50 (0.89–2.55) 1.86 (1.12–3.10) 0.71 (0.32–1.60)
MRSA 1.36 (0.83–2.24) 1.51 (0.91–2.50) 1.48 (0.90–2.46) 1.02 (0.51–2.05)
Contamination 2.13 (1.53–2.96) 2.18 (1.54–3.08) 1.66 (1.17–2.35) 3.74 (2.38–5.88)
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hernia-related complications was associated with defect 
size (PR 1.02, CI 1.01–1.03) and asthma (OR 1.54, CI 
1.03–2.28). Readmission was associated with BMI (OR 
1.02, CI 1.01–1.04), female gender (OR 1.77, CI 1.25–2.51), 
COPD (OR 1.86, CI 1.12–3.10), and wound contamination 
(OR 1.66, CI 1.17–2.35). Hernia recurrence was also associ-
ated with wound contamination (OR 3.74, CI 2.38–5.88). 

Discussion

This study demonstrates a significant difference in preopera-
tive comorbidity and surgical outcomes between patients 
with and without the diagnosis of anxiety. However, this 
difference does not seem to be directly attributable to the 
diagnosis of anxiety. Patients with anxiety are more likely to 
be female, with the diagnosis of COPD, depression, MRSA, 
sleep apnea, and preoperative chronic pain. They have larger 
hernia volume and defect size, a higher number of previous 
abdominal surgeries, are more likely to have case contamina-
tion, and to undergo component separation and/or advance-
ment flap. In the setting of these significant comorbidities, it 
is unsurprising that patients with anxiety have greater length 
of stay, wound complication, and postoperative intervention 
for pain.

When the potentially confounding comorbidities in the 
anxiety patient population are controlled for, anxiety, depres-
sion, and pain are not found to be independent predictors of 
adverse outcomes after OVHR. These patients are signifi-
cantly more complex, and thus experience adverse outcomes 
at a higher rate. Previous studies have noted this correlation 
of patient comorbidity with anxiety, but have often found a 
persistent association of anxiety with patient outcomes after 
controlling for such comorbidities [10-13].

With 23.9% incidence, this patient population has a 
higher rate of preoperative anxiety than other surgical and 
non-surgical populations. This includes worldwide estimates 
which place the baseline rate of anxiety disorders at approxi-
mately 7.3–16.2% [1, 3], and studies with similar inclusion 
criteria which found a rate of 15.6% in the general surgery 
and hernia population [13, 18]. It is unclear what the source 
of this high rate of anxiety is, though it may be attribut-
able to the significantly comorbid population and the high 
percentage of patients with previously failed hernia repairs 
referred to a tertiary hernia center [20, 21]. As anxiety is 
persistently associated with a more comorbid patient popula-
tion, this study is not structured to examine “cause or effect” 
of this relationship. Anxiety disorder is associated with adr-
energic overproduction of cortisol and other stress hormones 
which do impact immunologic and inflammatory responses 
[22]. We cannot determine whether the chronic stress associ-
ated with anxiety has led to increased patient comorbidity, or 

if chronic illness and/or multiple hospitalizations have led to 
or exacerbated the diagnosis of anxiety disorder.

Although this is a prospective data set, an important limi-
tation of this study is the retrospective nature of data capture 
of anxiolytic medications. This does not capture the treat-
ment duration, compliance, or severity of anxiety disorder 
experienced by the patient, all of which can impact outcomes 
[12]. A similar lack of information is available on the diag-
nosis of depression and chronic pain, as the record of active 
prescriptions and/or diagnosis is presumed to represent the 
patients’ current state at the time of surgery. Finally, the 
outcome of intervention for chronic pain is a high standard, 
and likely does not reflect any continued discomfort or dis-
satisfaction of patients who did not follow-up at this tertiary 
hernia center or did not deem their symptoms worthy of 
pursuit for intervention.

The potential benefits of pre and postoperative interven-
tion for anxiety, chronic pain, and depression in surgical 
patients can extend well beyond psychological well-being. 
The intervention of choice in patients identified as anxious 
in the perioperative setting is cognitive behavioral therapy 
(CBT). CBT is often specifically targeted to management of 
the stressors and outcomes associated with surgery and has 
been demonstrated to improve general and operation-specific 
outcomes in surgical populations. Patients with kinesiopho-
bia after total knee arthroplasty significantly benefit from 
CBT, with decreased kinesiophobia, pain catastrophizing, 
and joint inhibition for over 6 months after intervention 
[23]. After cardiac surgery, CBT has been shown to improve 
quality of life and heart rate variability [24]. Preoperative 
intervention with CBT has been associated with improve-
ment in anxiety, depression, and quality of life, as well as 
readmission and length of stay after prostatectomy, breast 
cancer, and CABG [25-27]. Validated screening tools for 
identification of patients at risk for anxiety and associated 
complications include the State Trait Anxiety Inventory, and 
the Hospital Anxiety and Depression Trial [5, 8, 12, 28, 29]. 
After identification of this higher-risk population, appro-
priate pre and postoperative intervention has the potential 
to improve length of stay, readmission, quality of life, the 
development of chronic pain, and multiple other relevant 
surgical outcomes.

The diagnosis of anxiety and/or use of anxiolytic medica-
tions is associated with increased preoperative comorbidity, 
more extensive surgical intervention, and adverse outcomes 
of wound complications, length of stay, and intervention for 
pain in patients undergoing open ventral hernia repair. How-
ever, when comorbidities are controlled for, the diagnosis of 
anxiety does not independently predict these adverse out-
comes. As the etiology of the observed relationship between 
anxiety and patient comorbidity is not fully elucidated, the 
diagnosis of anxiety may be considered a marker of patient 
comorbidity in a baseline complex population.
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