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Abstract

Peripheral neuropathy (PN) and peripheral arterial disease (PAD) are life-limiting comorbidities among adults with
lower-limb loss that may not be adequately addressed in current care models. The objective of this study was to
evaluate underreporting of PN and PAD among adults with lower-limb loss. We conducted a secondary analysis of a
cross-sectional dataset of community-dwelling adults with unilateral lower-limb loss seen in an outpatient Limb Loss
Clinic (n=196; mean age=156.7 = [4.4years; 73.5% male). Individuals participated in standardized clinical examinations
including Semmes-Weinstein monofilament testing to assess for PN and pedal pulse palpation to assess for PAD.
Bivariate regression was performed to identify key variables for subsequent stepwise logistic regression to discern
risk factors. Clinical examination results indicated 16.8% (n=33) of participants had suspected PN alone, 15.8%
(n=31) had suspected PAD alone, and 23.0% (n=45) had suspected PN and PAD. More than half of participants
with clinical examination findings of PN or PAD failed to self-report the condition (57.7% and 86.8%, respectively).
Among adults with lower-limb loss with suspected PN, participants with dysvascular amputations were at lower risk
of underreporting (odds ratio [OR]=0.2, 95% CI: 0.1-0.6). For those with suspected PAD, those who reported more
medication prescriptions were at lower risk of underreporting (OR=0.8, 95% CI: 0.7-1.0). Adults with lower-limb
loss underreport PN and PAD per a medical history checklist, which may indicate underdiagnosis or lack of patient
awareness. Routine assessment is highly recommended in this population and may be especially critical among individuals
with non-dysvascular etiology.
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What do we already know about this topic?
Comorbid conditions, such as peripheral arterial disease and neuropathy, are associated with poor health outcomes and
increased mortality following lower-limb loss.

How does your research contribute to the field?

Our findings indicate that self-report medical history is unreliable for detecting peripheral arterial disease and peripheral
neuropathy, which suggests either lack of patient awareness or underdiagnosis, of which both are concerning given these
comorbidities increase the patient’s risk for a second amputation.

What are your research’s implications toward theory, practice, or policy?

Comorbidity status is a critical factor when developing a treatment plan post-amputation, so healthcare practitioners
should incorporate comorbidity screening in their clinical examinations of patients with lower-limb loss rather than rely-
ing on patient-reported medical history.
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Introduction

Self-management of chronic health conditions is closely
linked to quality of life.! Self-management of one’s health-
care is encouraged with a patient-led, rather than practitio-
ner-led, team model, where the patient is equipped with the
knowledge and support to assume the primary leadership
role.? For the patient to be actively involved in their care
team, they must have comprehensive knowledge of their past
health history and current health status, including comorbidi-
ties, medications, diagnostic tests, and treatments (eg, sur-
geries, hospitalizations), as well as knowledge of and ability
to access healthcare resources and support services. Patients
can be empowered as healthcare team leads, in part, through
regular follow-ups and clinical assessment, which are associ-
ated with improved self-management of health conditions
and healthier behaviors.’ However, agreement between med-
ical records and self-report medical history varies broadly
(kappa=.20-.93) depending on the medical diagnosis and the
patient population.*?

Comorbidities are highly prevalent in adults with
lower-limb loss (LLL), with reports of multiple comor-
bidities ranging from 28% to 62%.%” The prevalence of
diabetes (35%-69%),%® peripheral neuropathy (15%),°
and vascular disease (48%-58%)%!° are especially con-
cerning, as these comorbidities significantly increase an
individual’s risk of falls, morbidity, and mortality, as well
as subsequent amputation.'"!?

Among adults with LLL, comorbidity presence is primar-
ily obtained from medical records and/or self-report. In other
patient populations, agreement between medical records and
self-reported medical history ranges from poor-to-excellent,
depending on the medical diagnosis, patient population, and
format for data acquisition.*® Conditions requiring active
management, such as diabetes and visual impairment, are
more reliably reported than other conditions (eg, hyperten-
sion, vascular disease),* and agreement between self-reported
medical history and physician- or hospital-provided medical
records is more discrepant among older adults, males, and
minorities.’

Underreporting of health conditions among adults with
LLL remains largely unknown. Allied health professionals

treating patients with LLL, including physical therapists and
prosthetists, utilize self-reported medical histories to inform
treatment plans; hence, it is critical to identify factors related
to underreporting of life-limiting conditions among adults
with LLL. If adults with LLL frequently underreport these
conditions, essential clinical assessment measures, such as
monofilament testing for peripheral neuropathy, should be
prioritized to improve preventative care. Clinical assessment
enables early identification of risk for life-limiting events,
such as amputation, so that patients can receive necessary
education and treatments.

To inform clinical assessment practices post-LLL, we
aimed to estimate the percentage of individuals with LLL
seen in outpatient clinics that are underreporting life-limiting
comorbidities, that is, peripheral neuropathy (PN) and
peripheral arterial disease (PAD), and to identify factors
associated with underreporting. We hypothesized that some
factors related to underreporting would be similar to those
seen in other populations (ie, sex, race, age),> but that unique,
amputation-specific factors would also be identified.

Material and Methods
Study Sample

We extracted data for this secondary analysis from a pre-
existing dataset from an outpatient interdisciplinary Limb
Loss Clinic held from September 2013 through December
2021 at the University of Delaware (UD). This project
received UD Institutional Review Board for Human Subjects
Research approval (project number: 531197). Prior to data
acquisition via the standardized clinical examination, partici-
pants signed a written informed consent and Health Insurance
Portability and Accountability Act disclosures form.
Participants were considered for inclusion in the study if they
were =18years-old, community-dwelling, and had under-
gone major (ie, ankle disarticulation or more proximal) LLL
prior to their Limb Loss Clinic evaluation. Participants with
bilateral amputation (>toes), incomplete or missing medical
histories, and those with missing data on =1 assessment
measure (ie, monofilament testing, pedal pulse palpation)
were excluded.
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Self-Reported Information

Participants completed a standardized demographics ques-
tionnaire including age, sex, ethnicity, race, highest level of
education, and living status. Participants also completed a
standardized medical history checklist of common health
conditions across 14 body systems (eg, cardiac, respiratory,
endocrine-metabolic) and reported on history of cancer, as
well as current medications. When applicable, lay terms
were used to describe health conditions (eg, hypertension
was listed as “high blood pressure”). Medical history for PN
and PAD was considered positive if the participant reported
that they currently had or had ever been diagnosed with the
condition. Participants also reported on the presence of
phantom limb sensation, defined as non-painful sensations
in the area of the amputated limb; phantom limb pain,
defined as painful sensations in the area of the amputated
limb; and residual limb pain, defined as pain in the remain-
ing portion of the amputated limb. We utilized the General
Practice Physical Activity Questionnaire (GPPAQ)" to
assess physical activity level. To ensure accuracy of report-
ing, we verified level of amputation, cause of amputation,
and date of initial amputation with participants’ prosthetic
medical records.

Clinical Assessment

The clinical team involved in data collection included a phys-
iatrist, physical therapist, and prosthetist. These trained clini-
cians conducted all clinical assessments. The clinician
determined presence of PN, a significant predictor of foot
ulceration and future LLL," using the Semmes-Weinstein
monofilament test. On the sound limb, a 5.07/10g monofila-
ment was applied to the plantar aspects of the great toe, third
toe, first metatarsal head, third metatarsal head, and fifth meta-
tarsal head, avoiding areas of callusing, for up to 3 trials per
site.!® During the assessment, participants closed their eyes to
eliminate visual feedback; ordering of testing site was ran-
domized and timing was varied to prevent false negative test-
ing. We considered the inability to detect the monofilament on
=1 site to be indicative of PN.! This clinical assessment tool
has shown good reliability [interrater intraclass correlation
coefficient (ICC), ,=.75, intrarater ICC, ,=.85]'¢ and diag-
nostic accuracy (sensitivity =90%, specificity 93%-100%)'°
when compared to the gold standard of neurological assess-
ment (eg, nerve conduction study).

The clinician evaluated for PAD presence, which is a risk
factor for falls and subsequent amputation,'®!! through sound
limb pedal pulse palpation. We considered absence of the
dorsalis pedis and posterior tibial pulses as indicative of
PAD.!” This clinical assessment measure has shown good
diagnostic accuracy (sensitivity 73.0%, specificity 83%-
98%)'"!8 when compared to the gold standard of Doppler
Ankle Brachial Index, and interrater agreement (weighted
kappa=.65)'® has previously been reported.

Data Analysis

We conducted analyses using SPSS Statistics 26 (IBM Corp.,
Armonk, New York, USA). Descriptive statistics were deter-
mined for the entire sample and calculated with respect to
cause of amputation, that is, dysvascular versus non-dysvas-
cular. Between-group differences were evaluated with inde-
pendent sample proportion tests for prevalence data,
Chi-squared analysis for categorical data (ie, race), Mann-
Whitney U tests for nonparametric data (ie, time since ampu-
tation, number of medications prescribed), and independent
sample t-tests for parametric data (ie, age).

We classified participants who had clinically present PN
or PAD per the clinical examination but did not self-disclose
the condition when completing the standardized medical his-
tory checklist as an “under-reporter” for that measure. To
report prevalence of clinical presence of comorbidity and of
under-reporting, Agresti-Coull confidence intervals were
calculated. To identify demographic, amputation-specific,
social, pain-related, and medical factors associated with PN
and PAD underreporting, we conducted logistic regression
analyses. We excluded participants who did not have PN or
PAD per the clinical examination from regression analyses.
We coded data as 0=PN/PAD present per the clinical exami-
nation and reported on the standardized medical history
checklist, 1=PN/PAD present per the clinical examination
but not reported on the standardized medical history check-
list. Several variables (eg, race, education, pain, cause of
amputation) were reduced to binary variables given fre-
quency distributions and the number of variables.

To minimize the number of independent variables
included in the 2 logistic regression models (ie, one for PN
and one for PAD), we first used binary logistic regression
models to evaluate associations between patient characteris-
tics and underreporting for each comorbidity. Variables that
significantly contributed to the dependent variable with a
significance of P =.200 were retained as independent char-
acteristics for further consideration in the final logistic
regression model. A relaxed P-value in the initial step reduces
potential type-II errors, and is in accordance with previous
research among individuals with limb loss.'>! In the final
logistic regression model, we implemented a conditional for-
ward stepwise approach with 0.100 for entry and 0.200 for
removal. Based on a previous exploratory analysis utilizing
this approach, we set statistical significance for the final
model at P = .100."° All P-values are reported to aid in results
interpretation. As this was a secondary analysis of an exist-
ing dataset, we did not conduct an a priori power analysis.?

Results

Participant Characteristics

Clinicians saw a total of 300 unique individuals with LLL
from September 2013 through December 2021, of whom 268



INQUIRY

a) (

.

N
Unique individuals with lower-limb loss seen in Limb Loss b) 40
Clinic between September 2013 and December 2021 (n=300)

35
J

I
| 1

30

p

Consented to participate
in research (n=268)

\. \.

Did not consent to

Unique Participants (n)

Bilateral amputation (n=43)

Unilateral amputation
(n=225) ,

Excluded (n=29)

N &2
£ 20
participate in research (n=32) 15
# 3 10
5
0
n O N ©
= - -
S © © O
N N N N

2014 I

(9}
b
o
o~

Year of Evaluation

2020 —
2021 —

2013 ==

Included
(n=196)

Incomplete medical history (n=8)
Missing pulse assessment (n=7)
Missing monofilament test (n=14)

Figure I. (a) Participant inclusion flow diagram for this study on underreporting of comorbidity (b) among 196 adults with unilateral

lower-limb loss seeking assessment for prosthetic needs at an interdisciplinary outpatient clinic (2013-2021).

consented to data collection. Of these, 43 were excluded due
to contralateral amputation (> toes), which precluded mono-
filament and pulse assessment. An additional 8 participants
were excluded due to incomplete self-reported medical his-
tory checklists, 7 due to missing pulse data, and 14 due to
missing monofilament data (Figure 1a). Hence, 196 partici-
pants were ultimately included in this secondary analysis.
The number of unique participants seen each year ranged
from 4 in 2013 to 38 in 2015, with a significant decrease in
2020 and 2021 due to the COVID-19 pandemic (Figure 1b).

Table 1 presents participant characteristics. The most
commonly affected body systems were vascular (63.3%),
respiratory (59.2%), and neurological (53.6%). The most
commonly reported comorbidities were hypertension
(52.0%) and diabetes (43.4%). Prevalence of self-reported
PN and PAD were 24.0% and 8.2%, respectively. Adults
with a dysvascular cause of amputation were more likely to
identify as a minority, and generally reported poorer health
(eg, more prescription medications, greater likelihood of
comorbidity of the cardiovascular, renal, neurological, and
endocrine systems). Adults with non-dysvascular amputa-
tions were farther out from amputation, younger, and more
active, but were more likely to report a higher level of ampu-
tation and to experience residual limb pain (Table 1).

Clinical Screening

During the clinical examination, n=33 (16.8% [95%
CI=12.2%, 22.7%)]) of participants had clinical examination
findings consistent with PN alone, n=31 (15.8% [95%
CI=11.3%, 21.6%]) had clinical examination findings con-
sistent with PAD alone, and n=45 (23.0% [95% CI=17.6%,

29.4%]) had findings consistent with both PN and PAD. Of
the participants with PN (n=78) per monofilament testing,
45 (57.7% [95% CI1=46.6, 68.0%]) failed to report a history
of PN (Figure 2). Of the participants with PAD (n=76) per
pulse palpation, 66 (86.8% [95% CI=77.3%, 92.9%]) failed
to report a history of PAD (Figure 2).

Regression Analyses

Table 2 depicts participant characteristics evaluated for their
ability to predict underreporting of PN (n=78) and PAD
(n=76). Per bivariate regression analyses, 8 variables were
significantly associated with PN underreporting (P=.200)
and considered in the final PN model (Table 3). Among adults
with LLL, dysvascular cause of amputation was associated
with a 5 (OR=0.2 [0.1, 0.6]) times reduced odds of underre-
porting PN per multiple regression analysis (pseudo-R*=.15).

Three variables were significantly associated with PAD
underreporting (P =.200) during bivariate regression analy-
sis and considered in the final PAD model (Table 3). Among
adults with LLL, each additional medication prescription
was associated with 1.3 (OR=0.8 [0.7, 1.0]) times lower
odds of underreporting neuropathy per multiple regression
analysis (pseudo-R?>=.11).

Discussion

This study is among the first to investigate comorbidity
reporting among adults with LLL who present to an outpa-
tient clinic for prosthetic-related needs. Nearly 40% of par-
ticipants had clinical examination findings consistent with
PN and/or PAD, and in support of our hypothesis, over half of
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Table I. Characteristics of 196 Adults With Unilateral Lower-Limb Loss Seeking Assessment for Prosthetic Needs (2013-2021).
Total sample Dysvascular Non-dysvascular
Participant characteristics (n=196) cause (n=94) cause (n=102) P-value
Sociodemographics
Sex, male n=196 n=94 n=102
144 (73.5%) 70 (74.5%) 74 (72.5%) 761
Age, years n=196 n=94 n=102
56.7+ 144 637+ 11.6 50.2*+13.8 <.001*
Ethnicity, Hispanic/Latinx n=193 n=94 n=99
10 (5.2%) 2 (2.1%) 8 (8.1%) .062
Race n=192 n=94 n=98
White/Caucasian 139 (72.4%) 60 (63.8%) 79 (80.6%) .034*
Black/African American 49 (25.5%) 33 (35.1%) 16 (16.3%)
Asian | (0.5%) 0 (0.0%) I (1.0%)
Native American/Alaska Native 1 (0.5%) 0 (0.0%) I (1.0%)
Multiple races 2 (1.0%) 1 (1.1%) I (1.0%)
Education, > high school n=177 n=85 n=92
116 (65.5%) 51 (60.0%) 65 (70.7%) 172
Amputation-specific factors n=196 n=94 n=102
Level of amputation, transtibial 119 (60.7%) 67 (71.3%) 52 (51.0%) .004*
Time since initial amputation, years® 24 (0.5,9.1) 1.4 (0.3, 3.7) 6.9 (0.9, 28.1) <.001*
Social characteristics
Living status, alone n=195 n=94 n=101
32 (16.4%) 14 (14.9%) 18 (17.8%) .581
GPPAQ, inactive n=191 n=92 n=99
105 (55.0%) 61 (66.3%) 44 (44.4%) .002*
Pain characteristics
Phantom sensation, yes n=194 n=93 n=10lI
137 (70.6%) 70 (75.3%) 67 (66.3%) 172
Phantom limb pain, yes n=19% n=93 n=101
113 (58.2%) 58 (62.4%) 55 (54.5%) 264
Residual limb pain, yes n=193 n=92 n=10l
81 (42.0%) 30 (32.6%) 51 (50.5%) 012*
Medications n=191 n=94 n=97
Number of medications prescribed® 5(2,8) 6 (4, 10) 2(1,5) <.001*
Opioid use, yes 57 (29.8%) 27 (28.7%) 30 (30.9%) 739
Gabapentinoid use, yes 62 (32.5%) 28 (29.8%) 34 (35.1%) A37
Affected body systems per medical history® n=196 n=94 n=102
Cardiac 58 (29.6%) 41 (43.6%) 17 (16.7%) <.001*
Vascular 124 (63.3%) 79 (84.0%) 45 (44.1%) <.001*
Hematological 27 (13.8%) 17 (18.1%) 10 (9.8%) .093
Respiratory 116 (59.2%) 59 (62.8%) 57 (55.9%) 327
Ear, eye, nose, throat 69 (35.2%) 38 (40.4%) 31 (30.4%) .142
Upper gastrointestinal 24 (12.2%) 10 (10.6%) 14 (13.7%) 510
Lower gastrointestinal 32 (16.3%) 19 (20.2%) 13 (12.7%) .158
Hepatic/pancreatic 12 (6.1%) 5(5.3%) 7 (6.9%) .652
Renal 26 (13.3%) 19 (20.2%) 7 (6.9%) .006*
Genitourinary 15 (7.7%) 9 (9.6%) 6 (5.9%) 331
Musculoskeletal 55 (28.1%) 30 (31.9%) 25 (24.5%) 249
Neurological 105 (53.6%) 63 (67.0%) 42 (41.2%) <.001*
Endocrine-metabolic 91 (46.4%) 66 (70.2%) 25 (24.5%) <.001*
Psychiatric/behavioral 54 (27.6%) 21 (22.3%) 33 (32.4%) 117
Cancer 30 (15.3%) I (11.7%) 19 (18.6%) 179

Note. GPPAQ = General Practice Physical Activity Questionnaire.
?Data presented as median (25th percentile, 75th percentile) rather than mean = standard deviation or n (% of sample).

®Data presented as n (% of sample) reporting presence or history of =1 health condition within the body system.

*Indicates significant between-group differences based on cause of amputation (P <.050).
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Figure 2. Self-reported presence versus clinical examination for (a) peripheral neuropathy (n=196) and (b) peripheral arterial disease
(n=196) among adults with unilateral lower-limb loss seeking assessment for prosthetic needs (2013-2021).

Table 2. Results of Bivariate Analyses Exploring Factors Related to Underreporting of Peripheral Neuropathy and Peripheral Arterial
Disease Among Adults With Unilateral Lower-Limb Loss Seeking Assessment for Prosthetic Needs (2013-2021).

Peripheral neuropathy (n=78)

Peripheral arterial disease (n=76)

Variable Odds ratio [95% Cl] P-value Odds ratio [95% Cl] P-value
Demographics

Sex, male 0.6 [0.2, 2.4] 268 2.3[0.6,9.1] 249

Age, years 1.0 [0.9, 1.0] 137% 1.0 [0.9, I.1] .787

Ethnicity, Hispanic/Latinx 0.7 [0.0, 12.1] .824 0.3 [0.0, 3.4] .320

Race, minority** 1.2 ]0.5, 3.1] .704 1.9 [0.4,7.9] .390

Education, >high school 0.8 [0.3,2.2] .703 1.2 0.3, 4.7] 769
Amputation-specific factors

Level of amputation, transtibial 0.51[0.2, 1.4] 170% 0.7 [0.2, 3.2] .696

Cause of amputation, dysvascular 0.2 [0.1, 0.6] .005* 0.4 [0.0, 3.2] 374

Time since amputation, years 1.1 1.0, 1.1] .085* 1.1 0.9, 1.4] A58
Social characteristics

Living status, alone 3.6 [0.9, 14.1] .062* 0.7 [0.1, 3.9] .696

GPPAQ, inactive 0.6 [0.2, 1.7] 354 I.1[0.3,4.8] .880
Pain characteristics

Phantom sensation, yes 0.9 [0.3, 2.4] 778 0.4 [0.0, 3.1] .355

Phantom limb pain, yes 0.8 [0.3,2.2] 726 0.2 [0.0, 1.3] .083*

Residual limb pain, yes 2.2 [0.8, 5.9] A13* 0.7 [0.2, 2.5] .540
Medical history

Number of medications 0.9 [0.8, 1.0] .034* 0.8 [0.7, 1.0] .048*

Opioid use, yes 0.6 [0.2, 1.6] .283 0.4 [0.1, 1.5] .155%

Gabapentinoid use, yes 2.1 [0.8, 5.4] .126* 0.8 0.2, 2.9] 679

Note. Cl=confidence interval; GPPAQ = General Practice Physical Activity Questionnaire.
*Indicates variables included in multiple regression analysis (P =.200).
**Minority race defined as Native American/American Indian/Alaska Native, Asian, Native Hawaiian/Pacific Islander, and/or Black/African American.
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Table 3. Full Model Results Identifying Risk Factors for
Underreporting of Peripheral Neuropathy and Peripheral Arterial
Disease Among Adults With Unilateral Lower-Limb Loss Seeking
Assessment for Prosthetic Needs (2013-2021).

Odds ratio

Variable [95% Cl] P-value

Peripheral neuropathy (n=78)*
Cause of amputation, dysvascular

Peripheral arterial disease (n=76)**
Number of medications

021[0.1,06]  .006

0.8[07,10]  .044

Note. Cl=confidence interval; SE=standard error; df=degrees of
freedom.

*Variables included in the initial model: Age, level of amputation, time
since amputation, living status, residual limb pain, number of medications,
gabapentinoid use.

**Variables included in the initial model: Phantom limb pain, opioid use.

individuals who had a positive clinical examination failed to
self-disclose the condition. This could be due to lack of
patient awareness or involvement in their healthcare, or it
could be due to under-diagnosis of these conditions. In sup-
port of the latter, prior research has shown physicians relying
on interpretation of self-report symptoms without clinical
assessment fail to diagnose two-thirds of mild-to-moderate
cases of PN and one-third of severe PN cases.?! With PAD,
diagnosis often occurs following complaints or complications
in the presence of disease rather than as part of a proactive
evaluation plan.??> Our findings, combined with prior evi-
dence, highlight the need for obligatory assessment and edu-
cation surrounding PN and PAD to improve patients’ ability
to appropriately disclose and manage their comorbidities.

For PN, adults with dysvascular causes of LLL were signifi-
cantly less likely to underreport the condition than their peers
with non-dysvascular causes of amputation. As PN increases
risk for dysvascular amputation,?® adults who lost their limbs
due to dysvascularity may have received more healthcare and
education related to assessment for and management of these
conditions in order to reduce subsequent amputation and mor-
tality risk.?* The related education and monitoring may explain
the protective effect of dysvascular LLL.

Surprisingly, each additional medication reported was
associated with 1.3 times lower odds of PAD underreporting.
Unfortunately, medication use was self-reported and unable
to be cross-referenced with other medical charts given access
was limited to physical therapy and prosthetic medical
records; thus, data may be subject to suboptimal medication
recall. In support of this hypothesis, Marks et al?* found that,
when prompted, adults who were taking an average of 5.9
(SD=3.1) medications, could name, on average, only 56% of
their medications. As the adults in our study similarly self-
reported 5 medications on average, it is possible that those
who reported a large number of medications were utilizing a
medication card or list. Use of such a memory aid may indi-
cate greater self-awareness and management, as well as
active involvement in their care team.

Given relationships among patient demographics and
comorbidity reporting in the general population,’ we antici-
pated increased age, sex, and minority race would be risk
factors for underreporting. While age arose as a potential risk
factor for underreporting of PN (Table 2), it was not signifi-
cant in the final model (Table 3). This may be explained by
the finding that adults with non-dysvascular LLL, who tend
to be younger than peers with dysvascular amputations,® are
more likely to underreport PN. Sex was not significantly
associated with either PAD or PN, which may be due to the
relatively low proportion of female participants (26.5%) in
the study. Race was not significantly associated with either
PAD or PN underreporting in this population, potentially due
to the racial disparity in dysvascular amputation.® Adults
who identify as African-American are at far greater risk of
dysvascular amputation than adults who identify as white,
even after controlling for age and sex.?® Therefore, the addi-
tional education and monitoring routinely provided after
dysvascular LLL may reduce the impact of demographic
variables (eg, age, race) on underreporting. Alternatively, the
study may not have a large enough sample size to detect
small effects of demographic variables.

As previously noted, for a patient to be an active partici-
pant in their medical care, they require knowledge about
their current health status. Findings of this study indicate that
many individuals with LLL, especially those with non-dys-
vascular amputations, lack awareness of their comorbidities.
While the risk factors identified have limited utility to guide
clinicians in prediction of individuals with LLL likely to
under-report PAD and PN, the high prevalence of under-
reporting indicates need for widespread clinical assessment
in this population. Factors related to comorbidity underre-
porting in the general population (eg, age, race)® may not be
as significant in this population. This work supports future
investigations of the impact of clinical assessment and edu-
cation of comorbidities on patient outcomes following LLL.

Study Limitations

Causal relationships cannot be determined given the cross-
sectional study design. While we utilized reliable clinical
tools to assess for PN and PAD, medical diagnoses were not
confirmed with advanced technology (eg, nerve conduction
test, Doppler ankle brachial index). We did not have full
access to patient medical records, as might be available
within a large healthcare system with integrated electronic
medical records, to determine if underreporting was due to
lack of patient awareness or a result of failure to diagnose the
condition. Further, while data collection for the clinic was
standardized, several participants had missing or incomplete
data sets (due to clinician prioritization of examinations
given time constraints), resulting in study exclusion and a
reduced sample size, which may have affected regression
model results. While results should be interpreted with cau-
tion, this study is one of the largest among patients with



lower-limb loss seen in an outpatient care setting, offering
critical insight into this vulnerable population at risk for life-
limiting comorbidities.

We acknowledge assessment of underreporting of the medi-
cal conditions without consideration for layman’s terms that
may be more readily recognized by adults in non-medical fields
(eg, “poor circulation” instead of arterial disease, “loss of feel-
ing in the foot” rather than PN). Additionally, study findings
may not be generalized to those with bilateral major LLL, those
residing in assisted-care facilities, or minors. Generalizability
might also be considered with respect to medical care access, as
all participants resided within the greater Delaware region and
were able to attend an outpatient ambulatory care appointment.
Finally, while the sample size is large when compared to many
studies among patients with LLL, representation of some
minorities was low, requiring race dichotomization.

Conclusions

Among adults with LLL who present to an outpatient clinic
for prosthetic needs, there is significant underreporting of
PN and PAD. Few factors were identified that could be uti-
lized to guide clinician decision-making regarding adminis-
tration of clinical assessments of these conditions. Clinicians
should assess for PN and PAD among adults with LLL who
do not self-disclose these diagnoses, particularly among
those with non-dysvascular amputation.
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