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Introduction
At least 15% of patients with diabetes mellitus will develop a foot ulcer 

during their lifetime. [1] Over half of the 100,000 annual major amputations 
in the United States are related to complications of diabetes mellitus. [2] Type 
2 diabetes mellitus is a pandemic. [3,4] More curiously, despite the large 
health care costs associated with these wounds and subsequent amputations, 
preventive care is often an afterthought. [3,5,6] Further, specific populations 
may benefit from targeted measures. Prevention of Amputation in Veterans 
Everywhere (PAVE) is a program born of the Veterans Health Administration 
(VHA). The PAVE program is a directive that was originally developed in 

Abstract
Background: Over half of the 100,000 lower extremity amputations 
in the United States every year are related to complications of diabetes 
mellitus, yet mental health and/or depression are not routinely addressed 
as an underlying contributor. To prevent amputations, the Veterans Health 
Administration (VHA) utilizes the PAVE program which classifies risk 
(FRS) as normal(0), low(1), moderate(2) or high risk(3) for amputation. 
We hypothesized that PAVE FRS 2 and 3 Veterans would have a higher 
prevalence of depression compared to PAVE FRS 0 Veterans.

Methods: We conducted a retrospective cohort study involving Veterans 
with type 2 diabetes mellitus. We developed logistic regression models 
with several explanatory variables (age, race, sex, BMI, A1c, PAVE FRS) 
and a diagnosis of depression as the outcome. 

Results: 148 patients met our inclusion criteria. Among the explanatory 
variables, only PAVE FRS 2 (OR 5.07;p=0.001; 95%CI 1.87,13.72) and 
PAVE FRS 3 (OR 9.85;p=0.002;95% CI 2.25,43.18) were significant. Of 
note, the PAVE FRS 2 includes Veterans with a foot deformity and/or 
neuropathy but not a history of a DFU or amputation.

Conclusions: PAVE FRS 2 and 3 Veterans had greater odds of having a 
documented diagnosis of depression. There was no significant difference in 
the prevalence of depression between PAVE FRS 2 (no DFU or amputation) 
and PAVE FRS 3 Veterans (DFU, amputation). Given that depression is 
among the most treatable mental disorders and can occur prior to a DFU 
and/or amputation, we proposed a modified threatened limb classification 
system that accounts for depression in the Veteran population (WIfI’D).
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1993. The directive has had seven iterations since then, with 
each one building on the experiences and improvements of 
the program. It has been wildly successful as over the course 
of three decades, the amputation rates among Veterans have 
decreased significantly. PAVE outlines the scope of care 
provided to Veteran patients who are at risk for limb loss and 
includes an amputation risk score classification system and 
a care referral pathway. [7] The risk score, otherwise known 
as foot risk score (FRS), is determined by screening diabetic 
Veterans for loss of protective sensation, lower extremity 
ischemia, foot ulceration (or history of ulceration), end stage 
renal disease, physical deformities, and other comorbidities. 
[8] Veterans are scored by risk stratification for amputation 
as normal (FRS 0), low (FRS 1), moderate (FRS 2) or high 
risk (FRS 3). Additionally, the program mandates a timely 
referral to a foot care specialist when the patient is found 
to be at increased risk for amputation (which equates to an 
FRS 2 or 3) and timely referral to a mental health team to 
provide support to patients.  The causes of diabetic foot ulcers 
(DFUs) in Veterans are multifactorial. [9] In many cases, the 
complications of type 2 diabetes mellitus are preventable. 
[4,5,10] While poor diet and lack of exercise are common 
culprits, depression is associated with emotional eating/
poor diet, lack of compliance, self-isolation, poor sleep, lack 
of exercise, and substance abuse. [11–19] Many of these 
depression-related associations can result in diabetic foot 
complications. [11–19] The diabetic foot – pain – depression 
cycle (also called the Saint Mariam Baouardy Cycle), was 
first described by Brooks et al at the 19th Annual Desert 
Foot Limb Salvage Conference in 2022 as an underlying 
causal mechanism between these variables; further, this 
cycle illustrates how depression and pain can contribute to 
diabetic foot complications. [20] Despite numerous wound 
classification systems existing in the literature, depression and 
overall mental health status is not addressed as an underlying 
contributor to threatened limbs, diabetic foot ulcers, and other 
diabetic foot complications. [21] As healthcare continues to 
shift in the United States to more population-specific and 
customized preventive measures, [22] it is unknown if DFU 
and other wound classification systems should as well. The 
Veteran population has unique comorbid, socioeconomic, 
and psychosocial challenges, including mental health 
issues secondary to traumatic experiences. [23,24] These 
traumatic experiences can impact Veterans for months, 
years, decades, and sometimes their entire lives. [23,24] 
In this study, we aim to determine associations between 
a diagnosis of depression and the PAVE FRS among the 
Veteran population. Secondarily, we aim to produce a 
Veteran-specific threatened limb classification system for this 
population. We hypothesize that Veterans with a PAVE FRS 
2 (moderate risk of amputation but no DFU history or prior 
amputation) and PAVE FRS 3 (DFU history, ESRD, Charcot 
neuroarthropathy, or amputation level of the lower extremity) 
will have greater odds of a diagnosis of depression compared 

to the PAVE FRS 0 (normal risk). Further, we hypothesize 
that there will be no statistically significant difference 
between PAVE FRS 2 and PAVE FRS 3 Veterans in terms of 
the prevalence of depression.

Methods
Research Design

We obtained expedited approval from the Dorn VA 
Medical Center’s Institutional Review Board for retrospective 
cohort study design. We reviewed all charts of patients who 
required the PAVE screening seen in the podiatry clinic of the 
primary author in April of 2023. Patients without a diagnosis 
of type 2 diabetes mellitus were excluded. Our goal a priori 
was to review at least 140 charts. The outcome of interest 
is a documented diagnosis of depression. Our explanatory 
variables were PAVE FRS score (0,1,2,3), BMI (Obese [BMI 
30+] or not obese [BMI <30]), age (65+ or younger than 65), 
HbA1c (Less than 6.5%, 6.5% to 8%, above 8%), sex, and 
race.

Statistical Analysis
We developed simple logistic regression models to 

identify the odds of a PAVE patient having a diagnosis of 
depression. To adjust for confounding, we aimed to develop a 
multiple logistic regression model that included explanatory 
variables that achieved p<0.1 with simple logistic regression. 
Further, we used Fisher’s Exact Test to determine if there was 
a significant difference between the prevalence of depression 
between PAVE FRS 2 and PAVE FRS 3 Veterans. We 
analyzed the data using STATA v15.1 (College Station, 
TX). In the multivariate model, statistical significance was  
pre-defined at p<0.05.

Results
Descriptive Results

 One-hundred forty-eight Veterans’ charts were reviewed 
from the month of April 2023. The outcome of interest, 
specifically depression, was broken down by the PAVE FRS 
in Figure 1. Twenty-eight Veterans were classified as PAVE 
FRS 0, fifty-two as PAVE FRS 1, fifty-one as PAVE FRS 2, 
and seventeen as PAVE FRS 3. Ninety-eight patients were 
Black or African American, forty-eight were White, and 
two “preferred not to say.” Twelve were female while 136 
were male. Fifty-two patients were under the age of 65 while 
ninety-six were seniors (age 65+). Sixty patients had a BMI 
less than 30 while 88 were obese. Eighty-three patients had a 
diagnosis of depression listed in their chart while 65 did not.

Statistical Results
The only explanatory variable in the univariate analysis 

with p<0.1 was the “PAVE foot risk score.” In the logistic 
regression model, PAVE FRS 0 (normal risk) was used 
as the referent group. The Pseudo R-square was 0.0906 in 
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compared to Veterans with a PAVE FRS 0 designation. 
Patients with a PAVE FRS 3 have either had a history of a 
DFU, an amputation, severe peripheral arterial disease with 
loss of protective sensation, Charcot disease with a lasting 
foot deformity, or chronic kidney disease stage 4 or 5. 
Patients with a PAVE FRS 2 have decreased (or absent, in 
some cases) protective sensation, no severe peripheral arterial 
disease, no ulceration, and no severe chronic kidney disease 
(chronic kidney disease less than stage 4). Most patients with 
diabetic neuropathy without ulceration fall into the PAVE 
FRS 2 category; many of these patients routinely see podiatric 
physicians for preventative foot care.  Further, there was no 
significant difference between the PAVE FRS 2 and PAVE 
FRS 3 Veterans in terms of the prevalence of depression. The 
WHO has acknowledged depression as a leading cause of 
global disease burden. [25] It currently affects approximately 
280 million people, [26] costing $326.2 billion in 2018 for 
adults in the US alone, [27] and continues to increase in 
prevalence over time on a global scale. [28] Known depression 
symptoms such as decreased physical activity are known to 
contribute to subsequently higher incidence of comorbidities 
such as metabolic syndrome and cardiovascular disease, 
[29, 30] physical health multimorbidity, [31] and diabetes. 
[18] Additional behavioral contributors to high physical 
comorbidities with depression may include stress, lack of 

the logistic regression model. Veterans with a PAVE FRS 
1(low risk) did not have a statistically significant difference 
(p=0.227) in having a diagnosis of depression compared to 
Veterans with a PAVE FRS 0; however, Veterans with a 
PAVE FRS 2 (moderate risk) had greater odds (OR 5.07; 
p=0.001; 95% CI 1.87, 13.72) of having a diagnosis of 
depression in their medical record compared to Veterans with 
a PAVE FRS 0.  Further, Veterans with a PAVE FRS 3 (high 
risk) had even greater odds (OR 9.85; p=0.002; 95% CI 2.25, 
43.18) of having a diagnosis of depression in their medical 
record compared to Veterans with a PAVE FRS 0. 

Prevalence of Depression between PAVE foot risk 
scores (FRS) 2 and 3 Veterans

The Fisher’s Exact Test statistic value was 0.527, 
indicating the prevalence of a diagnosis of depression 
between PAVE FRS 2 (no DFU history) and PAVE FRS 3 
(DFU history, amputation, etc.) was not significantly different 
between the two groups.

Discussion
Our retrospective cohort study of 148 Veterans treated 

in a VHA podiatry clinic found that Veterans with PAVE 
FRS 2 and 3 had increased odds, statistically significant and 
clinically meaningful, of having a diagnosis of depression 
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Figure 1: Percentage of VA PAVE patients with a Depression Diagnosis by PAVE Foot Risk Score (FRS)

Pave Score No diagnosis Depression diagnosis  Total
0 19 9 28

1 28 24 52

2 15 36 51

3 3 14 17

Total 65 83 148
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hygiene, and poor nutrition. [32,33] These are behaviors 
also known to impact wound healing [32,34-38] and to 
increase the risk of adverse events in diabetic populations. 
[19] Various treatment options are recommended to manage 
depression, with options multifaceted and mechanistically 
diverse. [11,39,40] Certain treatments are known to convey 
physical benefits that may allay mechanisms by which 
depression affects wound healing. [41, 42] Importantly, 
multiple forms of depression treatment have been shown to 
be cost-effective, and while a combination of psychotherapy 
and pharmacotherapy has been shown to be a superior 
treatment option, either treatment alone can also be effective. 
[43-45] Efficacy of treatment options for the management of 
depression may be influenced by comorbidities and vice versa, 
rendering a comprehensive approach to treatment necessary to 
optimize care. [46]. The number of Veterans seeking mental 
health care is growing, and depression, accounting for 9% 
of all ambulatory military health network appointments, [24] 
remains one of the most prominent mental health conditions 
in the military.  Not only can military-service in and of itself 
contribute to the incidence of depression, but deployment 
and combat are both also associated with increased risk of 
depression. [24] While older populations of Veterans may not 
be at greater risk of depression compared to non-veterans, 
[23] depression among the Veteran population and Veterans’ 
access to mental health clinicians remains a public health 
concern.  For example, studies conducted by the Department 
of Veteran Affairs (VA) using Veteran data have found that 
Veterans with depression have a 40% higher risk of heart 
attack. [47] Additionally, many Veterans with depression 
may have unrecognized psychological comorbidities [12] 
and a higher risk of a myriad of physical comorbidities. [12] 
Multiple treatment options for depression in Veterans are also 
recommended by the VA or used at VA facilities. [48-50] 
Diabetes prevalence among Veterans is also of great concern; 
according to the VA Office of Research and Development, 
nearly 25% of VA patients have diabetes, [51] far higher than 
the prevalence seen in the general population. [9] Notably, 
risk of multimorbidity increases each year after the age of 25 
in Veterans with the greatest disparity between Veterans and 
non-Veterans occurring from ages 35-44, during which the 
former cohort is 50% more likely to report multimorbidity. 
[52] Multimorbidity is known to follow an S-shape pattern 
with aging. [53,54] Further, there is specific imperative to 
address multimorbidity in Veterans because multimorbidity 
has also been identified as a global health burden and a priority 
for health research. [55] VA initiatives such as the Translating 
Initiatives for Depression into Effective Solutions (TIDES) 
project emphasize the value of utilizing collaborative, 
evidence-based approaches to depression management 
and provide guidelines for collaboration between primary 
care and mental health specialists. [56] Early recognition 
and comprehensive treatment in cases of multimorbidity is 
essential. [56,57] Although comprehensive classification 

tools have been successfully implemented to enable earlier 
recognition in a variety of healthcare contexts, there is 
currently no comprehensive classification tool for diabetic 
wounds that incorporates the influence of depression. [58–60]  
Due to the multifaceted mechanisms by which depression 
influences wound healing, [18] mediating mechanisms 
such as comprehensive approaches to classification and 
treatment of wounds given comorbid depression are not only 
recommended, [32,46] but may offer a plethora of benefits to 
patients, care providers, and insurance providers alike: earlier 
and more accurate recognition of impaired wound healing 
or potential for impaired wound healing, [61]  prevention 
of adverse outcomes, [62] subsequently lowered treatment 
burden and cost of care, [57] and improved clinical outcomes. 
[62–64] Additionally, utilizing a wound classification 
tool that incorporates depression may allow providers to 
recognize and more effectively address depression-related 
treatment plan non-adherence, a key problem in diabetic 
wound care. [61,64-66] Comprehensive foot care and patient 
education to treat foot ulcers is known to be a cost-saving 
intervention, and multi-component interventions are known 
to be very cost-effective. [67] Both interventions may be 
more effectively implemented by providers given the insight 
from a comprehensive wound classification tool.  In patients 
with multimorbidity, combined interventions incorporating 
patient-level and provider-level components have been shown 
to not only be cost-effective, but to also promote beneficial 
physical conditions and outcomes. [68] Thus, beyond cost-
savings, improved classification tools may allow for both 
improvement of current interventions and development 
of new interventions at multiple levels of care to improve 
outcomes.  

WIfI’D: A Population-specific Classification System 
for Veterans

Despite Cole-King and Harding establishing the link 
between depression and wound-healing in 2001, many 
wound and threatened limb classification systems do not 
adequately recognize the importance of wellbeing and 
mental health. [21,69] Therefore, we propose “WIfI’D,” a 
mind-body approach to the classification of threatened limbs 
in the Veteran population; it is a modified version of The 
Society for Vascular Surgery’s WIfI (Wound, Ischemia, Foot 
Infection) Threatened Limb Classification System. [70] WIfI 
is used by clinicians to predict the risk of amputation at one 
year and to determine the need for limb revascularization. 
In this modified classification system, the four pillars of risk 
stratification for multidisciplinary amputation prevention and 
wound healing are: Wound, Ischemia, foot Infection, and 
Depression (Figure 2). 

Overcoming Schemata: Normalizing Depression 
Screening

We recommend that all patients with a diabetic foot 
ulcer should also be concomitantly screened for depression. 
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The Merit-based Incident Payment System (MIPS) outlines 
screening for depression as quality measure #134 given 
its potential benefits and low cost. [71] The Patient Health 
Questionnaire-9 (PHQ-9) is a nine-question self-reporting 
tool used to screen for depression; [72,73] Traditionally, 
PHQ-9 scores of 5, 10, 15, and 20 represented mild, moderate, 
moderately severe, and severe depression, respectively; [73] 
Podiatric physicians and surgeons are qualified to screen 
for depression and ensure a timely referral when necessary. 
[20] The appropriate referral will often be to a mental health 
provider such as a psychiatrist or clinical psychologist; 
however, certain patients may prefer discussing their 
mental health with their established primary care provider 
(i.e., primary care physician, physician assistant, nurse 
practitioner) as it may be easier for them to “open up” to a 
provider who already has their trust. [74] Every VA hospital 
can devise referral strategies best suited to serve its Veteran 
population; of note, the PAVE program is often the first step 
in the development of a multidisciplinary case management 
system for diabetic foot complications. [75] We recommend 
that multidisciplinary amputation prevention/limb salvage 
teams have a mental health provider, such as psychiatrist 
or clinical psychologist, as a team member. There have 
been numerous studies demonstrating the effectiveness of a 
multidisciplinary approach to the diabetic foot.

Applying Polyvagal Theory to Wound Healing
While vagus nerve stimulation has been utilized to 

treat depression, polyvagal theory takes it a step further 
with an innovative scientific perspective in studying 
neurophysiology. [76,77,78,79,80] First proposed by 
Stephen Porges, the polyvagal theory acknowledges that 
feelings of safety emerge from internal physiological states 
regulated by the autonomic nervous system. [76,77] Feelings 
of safety reflect a core fundamental process; by respecting 
human need to feel safe as a biological imperative linked to 
survival, we respect our phylogenetic heritage. [76,77] When 
there is no threat of perceived-danger, humans can remain 
in a state of social engagement, calmness, mindfulness, and 
trust. [76,77] Of note, “Building Trust” is an initiative of 
the ABIM Foundation which notes that “trust” is associated 
good health-related outcomes (and mistrust is associated 
with poor outcomes). [74,81] Further, when the autonomic 
nervous system is in a state of safety, humans have 
increased resistance to infection, better immune response, 
rest, and circulation to non-vital organs including the skin 
and the lower extremity. [77, 81] In summation, this is 
the ideal physiological state for patients with DFUs to be 
in as opposed to a state of perceived danger (i.e., fight or 
flight) which can result in increases in blood pressure, heart 
rate, and adrenaline. [77,81] Further, humans in this state 
can experience decreases in insulin activity, digestion, and 
immune response. [77,81] Limberg et al in 2022 further 
highlighted the dynamic interplay between central and 
peripheral mechanisms during hyperinsulinemia to increase 

Figure 2: The Four Pillars of Multidisciplinary Amputation Prevention and the proposed WIfI’D classification system
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sympathetic nervous system activity and maintain blood 
pressure in insulin-sensitive adults. [82,83]

Limitations
The Veteran population in one state may not be reflective 

of the entire American Veteran population. Further, our 
sample size (n=148) limits the generalizability of our results. 
Additional research into polyvagal theory and its implications 
for wound healing and amputation prevention are warranted. 
Further studies are needed to validate the inclusion of 
depression/mental health in the WIfI Classification System; 
however, we believe that multidisciplinary intervention and 
management of diabetic foot complications based on the 
effective and systematic combination of these components 
will contribute to the prevention and treatment of this patient 
population and improve their prognosis. Education may be 
also key to further reduce schemata and alter behavior around 
depression screening practices. [84]

Conclusion
Veterans with PAVE FRS of 2 and 3 had greater odds of 

having a diagnosis of depression compared to Veterans with 
a PAVE FRS of 0 (“normal risk”). There was no statistical 
difference in the prevalence of depression in PAVE FRS 2 
patients (no ulceration and no amputation) and the PAVE 
FRS 3 Veterans (i.e., amputation, history of ulceration, and/
or current ulcer). The gap between the need for treatment for 
mental disorders and its provision is wide all over the world.  
Mental disorders remain an area of concern because of their 
high prevalence. Given that depression is among the most 
treatable mental disorders with some of the most deleterious 
effects, early recognition is critical. Depression has been 
associated with a lack of compliance, self-isolation, failure 
to keep appointments, and hopelessness - and none of these 
associations are conducive to the prevention of amputations 
in Veterans everywhere (PAVE) and wound-healing.  We 
therefore recommend that all Veterans with DFUs be 
screened for depression. Should this screening be positive, 
then consideration should be made to refer the patient for a 
mental health assessment for possible treatment. In addition, 
we propose a modified WIfI classification system which 
can help Veterans and clinicians overcome the schemata 
associated with the depression diagnosis and screening, and 
ultimately optimize their clinical management.
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