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Background: Foot temperature monitoring for the prevention and early detection of diabetic 
foot ulcers (DFU) is evidence-based and recommended in clinical practice. However, easy-to 
-use remote monitoring tools have been lacking, thereby preventing widespread adoption.
Objective: To evaluate the cost-effectiveness of remote foot temperature monitoring 
(RFTM) (Siren’s Neurofabric™ Diabetic socks) in addition to standard of care (SoC) versus 
SoC alone for early detection of DFU with diabetic neuropathy and a moderate to high risk 
of DFU.
Methods: A payer perspective decision-tree analysis was conducted to compare expected 
DFU occurrence and subsequent amputation rates and costs between treatment strategies 
over one year. Inputs in the model were sourced from publicly available literature and 
relevant health technology assessments. One-way sensitivity analyses were performed for 
each model variable.
Results: In the base-case scenario, RFTM plus SoC was a dominant strategy compared to 
SoC alone. RFTM plus SoC was associated with cost savings of $38,593 per additional ulcer 
avoided versus SoC alone, and $8027 per patient per year on average compared to SoC 
alone. These results were highly robust to one-way sensitivity analysis; all scenarios 
remained dominant if compliance was ≥13%.
Conclusion: RFTM is a cost-effective addition to SoC in patients with diabetic neuropathy 
at a moderate-to-high risk of DFU and subsequent amputation. Further, reduction in DFU 
and associated complications may result in improvements in the patient’s quality of life and 
mental health. Future studies are needed to evaluate the compliance and reduction of DFU 
occurrence in patients on RFTM.
Keywords: diabetes mellitus, diabetic foot, technology assessment, biomedical, cost-benefit 
analysis, cost savings, decision trees

Introduction
Diabetes is a common and serious health issue in the United States (US), associated 
with a substantial clinical and economic burden. This burden is magnified when 
diabetes patients experience negative clinical consequences such as diabetic foot 
ulcers (DFU) and lower extremity amputation. As of 2015, 30 million US citizens 
had diabetes, accounting for 9% of the country’s population.1 Approximately 15– 
34% of people with diabetes are likely to experience DFU.2,3 DFU is an open sore 
or wound on the foot of a diabetic patient, most commonly located on the bottom of 
the foot.3 Diabetic patients at high risk for DFUs can include those with a history of 
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DFUs, callus, or Charcot foot; such afflictions often lead 
to future ulceration.4 Many ulcers heal with additional 
intervention; however, 14–24% of diabetes patients require 
amputation. In total, 85% of diabetes-related amputations 
are due to DFUs.3

Patient outcomes and quality of life associated with 
both DFU and diabetes-related amputation are negative. 
Following a diabetes-related amputation, mortality 
exceeds 70% at 5 years for all patients.2 Outcomes are 
poor for patients experiencing DFU; a recent study demon
strated that 1-, 2-, and 5-year survival rates with DFU were 
81%, 69%, and 29% respectively.5 Further, among those 
living with DFU, the incidence of concomitant depression 
is approximately 62%.6 Only 25% to 50% of patients with 
diabetes who experience depression are clinically diag
nosed and appropriately treated.7 When such mental health 
issues go untreated, it can set off a cycle of worsening both 
the diabetic condition and the individual’s depression.7 

Such issues may arise because worsened mental health 
may impact an individual’s ability to stay compliant with 
diabetic treatment plans.7

In addition, diabetes constitutes a substantial financial 
burden to the US healthcare system. In 2016, diabetes was 
found to be the third-highest cost in terms of US health
care spending.8 Annual direct costs for diabetes care in the 
US are upwards of $176 billion, and as much as one-third 
of this cost (approximately $59 billion annually) is related 
to lower-extremity issues, including both DFU and dia
betes-related amputations.2 According to the American 
Diabetes Association, in 2018, diagnosis and management 
of diabetic foot complications cost the US approximately 
$43 billion. On a per-patient basis, treating DFU costs 
approximately $2387 per month or $28,644 annually per 
diabetic patient.9,10 In 2013, it cost more to treat a DFU 
than the five costliest forms of cancer.11 In the event that 
an amputation occurs due to DFU, the amputation costs 
$83,326.12

Standard of care (SoC) treatments for DFU include 
“off-loading”, removing dead skin and tissue (“debride
ment”), applying medication and dressings to the DFU, 
managing blood glucose and other health problems, pre
vention of infection, and surgical measures.3 Although 
those methods are the current SoC, they still yield the 
aforementioned physical, mental, and financial hardships. 
Early detection is the key in the care of diabetic foot 
problems as studies have shown up to 75% of DFUs can 
be avoided if at-risk patients are identified early.13 

Recently, additional guidance on the prevention of DFUs 

has come to include a role for temperature monitoring.14 

Temperature monitoring measures the temperature differ
ential between similar regions of each foot and an increase 
above a certain threshold is associated with 
inflammation.15 Inflammation anticipates the formation of 
a foot wound and temperature monitoring has been proven 
in multiple randomized clinical trials to identify ulcers 
early; this is important because many diabetes patients 
with neuropathy may not feel the pain associated with 
inflammation until the ulcer develops due to nerve damage 
associated with neuropathy.15 This is a prevalent issue 
because neuropathy affects roughly 50% of diabetes 
patients.16 Temperature monitoring allows the patient to 
potentially minimize poor outcomes associated with ulcer 
formation because it warns the diabetes patient of inflam
mation whether the patient feels it or not.15 Because of 
this, remote temperature monitoring can help improve out
comes for patients at risk of DFU.

While temperature monitoring is technically a SoC, 
there are no easy-to-use tools on the market. Temperature 
is considered one of the best diagnostics tests in determin
ing whether or not a foot is likely to get an ulcer.17 

However, temperature monitoring is not currently 
a routine in diabetic foot care, which could be because 
there is a lack of access to technology that measures foot 
temperature, because the cost-effectiveness of those tech
nologies is not known, or because patients only perform 
simple monitoring of their condition at home.14 Clinical 
guidelines may not cite temperature monitoring as a useful 
diagnostic method if it has not been demonstrated as 
such.18 Remote foot temperature monitoring (RFTM) 
must be established as a simple and cost-effective diag
nostic for DFU so that it can become more routine and 
recommended SoC.

Other studies have shown that temperature monitoring 
the foot of a diabetic patient can improve patient outcomes 
and reduce excess resource utilization. Lavery et al 2019 
found that temperature monitoring a single foot predicted 
91% of impending foot ulcers 41 days before their clinical 
presentation, on average.19 Banks et al 2020, a case series 
utilizing a temperature monitoring mat, found that outreach 
prompted by the mat led to medical intervention that may 
not have occurred if it were not time for a routine exam, and 
the outreach allowed for quicker healing with little compli
cations for the diabetic feet.20 A systematic review done by 
Alahakoon et al 2020 found that patients who monitor their 
foot temperature at home are less likely to develop a DFU, 
and no amputations occurred in studies where amputation 
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outcomes were recorded.21 Alone, self-monitoring of a foot 
by patients and healthcare professionals is limited due to the 
subtle warning signs of ulceration; however, the use of 
a temperature monitoring device can reduce foot 
ulceration.15 Overall, the literature supports the improved 
outcomes associated with RFTM for a diabetic foot.

If a temperature monitoring system could be introduced 
that offered a high likelihood of compliance through ease of 
use and reliable data, then it might be possible to significantly 
impact the outcomes and costs associated with diabetic foot 
complications. Here, we model the potential economic 
impact of adopting the utilization of RFTM. For the compli
ance and costs inputs, we used data specific to Siren’s 
Neurofabric™ Diabetic socks (Siren, San Francisco, CA), 
which is an RFTM that continuously tracks foot temperature 
and sends real-time information directly to physicians to 
enable tracing of issues related to temperature differentials 
that can indicate inflammation. The socks are equipped with 
sensors connected to a web and mobile application that 
monitor the temperature, which directly notifies the patient 
and his/her doctor if there is concerning information. The 
socks come in a lifetime supply and can be replaced when 

worn down without any maintenance costs. An observational 
study has shown that this RFTM device feels like normal 
socks, and reliably measure temperature.30 The results of the 
model, however, are not exclusive to a particular RFTM 
device. In addition to socks, other RFTM work similarly to 
the socks and can include mats, sticks, and insoles.

The objective of this study was to model the compara
tive and cost-effectiveness of the implementation of 
RFTM to reduce DFUs compared to the SoC.

Methodology
A decision-tree analysis was conducted to compare 
expected DFU occurrence rates and costs between SoC 
alone vs RFTM plus SoC for early detection of DFUs in 
patients with diabetic neuropathy at a moderate-to-high 
risk of DFU (ie, with a history of DFUs, calluses, or 
Charcot foot) (Figure 1). Further, the expected ulcera
tion rate, cost-effectiveness, and incremental cost per 
additional ulcer avoided (ICER) were calculated at 
a yearly time horizon. Costs are reported in 2020 US 
dollars, and the model was developed from a US payer 
perspective.

Figure 1 Decision-tree model structure. 
Abbreviations: DFU, diabetic foot ulcer; RFTM, remote foot temperature monitoring; SoC, standard of care.
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Clinical and cost inputs in the model were sourced 
from publicly available peer-reviewed literature and rele
vant health technology assessments. Inputs comprised the 
probability of developing DFU within 12 months, prob
ability of amputation to resolve a foot ulcer, average heal
ing time for a foot ulcer, average monthly cost of treatment 
of a foot ulcer, and average cost of amputation. No meta- 
analysis was undertaken. A weighted average was used if 
multiple sources were identified for the same outcome.

The model begins with patients who are at high risk for 
DFU, such as patients who have a history of DFUs, callus, 
or Charcot foot, who are assigned to RFTM with SoC or 
assigned to SoC alone. Patients assigned to the RFTM plus 
SoC group can be compliant (P1) or non-compliant (P2) 
with the RFTM usage. Compliance is measured as wearing 
the RFTM one hour a day for at least 16 days per month. 
From here, the model incorporates the probabilities of the 
patient developing an ulcer or not developing an ulcer 
based on their compliance status, represented as probabil
ities P5–P8. The model assumes one ulcer on one foot. For 
patients in both the compliant and non-compliant groups 
who develop an ulcer, the model predicts which of those 
ulcers will heal without amputation and those which will 
require amputation to heal (P11–P14). For patients only 
receiving SoC alone, compliance is not incorporated and 
therefore the model directs them to either develop an ulcer 
or not per probabilities P3 and P4. The model then calcu
lates the probability that those with an ulcer will heal 
without amputation, or will require amputation (P9–P10).

A one-way sensitivity analysis was performed for each 
variable in the model. Ranges for the sensitivity analysis 
were determined for base case values. For compliance, the 
sensitivity analysis tested results from 10% to 100% com
pliance. For the likelihood that a patient will develop an 
ulcer in 12 months, the range was calculated as plus or 
minus 20% of the base case value for SoC Alone and Non- 
Compliant RFTM Users. For the probability an amputation 
is required in the event an ulcer occurs, the range was 
determined by the variability of outcomes in the vetted 
literature. The sensitivity analysis range for ulcer healing 
time was plus or minus 40% of the base case for SoC 
Alone and Compliant Users. A greater range was chosen 
for this variable due to the difference in healing time on 
a case-by-case basis. The average monthly cost of an ulcer 
and average cost of amputation had a range of plus or 
minus 20%. The cost range used in the model is between 
$1250 and $1500. The base case value remains $1500 to 
evaluate the cost-benefit with the higher cost of RFTM. 

The input for the reduction in the probability that a patient 
will develop an ulcer in 12 months for compliant patients 
is determined by a randomized controlled trial by 
Armstrong et al 2007 which states that those monitoring 
their foot temperature are 33% as likely to experience an 
ulcer.15

Published literature provided data on the likelihood 
that patients will develop ulcers within 12 months and 
require subsequent amputation, wound healing time, and 
the average cost of wound treatment and amputation. 
Model inputs are described in Table 1.2,3,9,10,12,15,22–24 

Inputs for the SoC values are based on the search of 
publicly available literature. Costs were inflated to 
2020 USD.

Results
Base Case Analysis
The RFTM in addition to SoC is the dominant and there
fore more cost-effective method over the SoC alone (see 
Table 2). Table 2 shows that the remote temperature mon
itoring of the RFTM saves $38,593 per additional ulcer 
avoided. The mean annual cost per patient associated with 
DFU for RFTM plus SoC strategy is $10,303, while the 
mean annual per-patient costs associated with SoC alone 
are $18,330, resulting in mean per-patient payer savings of 
$8027 per year. The model included a sensitivity analysis 
(see –figure 4). When testing the results of the model with 
each of the variables’ ranges, RFTM was dominant 96% of 
the time in one-way sensitivity analyses.

Sensitivity Analysis
A one-way sensitivity analysis was performed for each 
variable in the model (results shown in Figures 2–4). The 
points that fall below 0 favor RFTM, while points that are 
greater than 0 favor SoC alone.

The one-way sensitivity analysis for compliance 
demonstrated that RFTM is cost-effective at as low as 
13% compliance (if all other base case values are 
unchanged). As a result, if at least 13% of patients are 
compliant with RFTM, it is still the dominant (less costly, 
more clinically effective) method over SoC alone; how
ever, based on unpublished patient data describing experi
ence with RFTM, patients are approximately 78% 
compliant with the service.

The highest level of variability in the model occurs 
when running the one-way sensitivity analysis in the SoC- 
only variables. When running the one-way sensitivity 
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analysis for each patient group (SoC only, compliant 
RFTM users, and non-compliant RFTM users), the most 
variability occurs in the average monthly cost of treatment 
and the average time for wound healing. Assuming an 
average monthly cost of wound treatment in the SoC- 
only group of $1918 will save the facility $26,434 per 

ulcer avoided, whereas assuming an average monthly cost 
of $2876 would save the facility $50,753 per ulcer 
avoided. For the Compliant group, the same inputs result 
in cost savings of $41,755 and $35,432 per ulcer avoided, 
respectively. For the Non-Compliant group, the same 
inputs result in cost savings of $41,268 and $35,918 per 

Table 1 Clinical and Economic Model Assumptions

Clinical Model Assumptions

Variable 
ID

Variable Description Value for SoC Alonea Value for Temperature 
Monitoring Compliant 

Patientsb

Value for Temperature 
Monitoring Non- 

Compliant Patientsc

Reference

P1, P2 Compliance and Non- 

Compliance

– 0.78 (0.1, 1.0) 0.22 (0.1, 1.0) Unpublished 

datad

P3, P5, P7 Probability that a patient will 

develop an ulcer in 12 months

0.40 (0.32, 0.48) 0.13 (0.104, 0.16) 0.40 2, 15

P10, P12, 

P14

In the event an ulcer is 

developed, probability that an 

amputation is required

0.17 (0.14, 0.20) 0.17 (0.14, 0.20) 0.17 (0.14, 0.20) 3, 22, 23

Economic Model Assumptions

Variable Description Value for SoC Alonee Value for Temperature 
Monitoring Compliant 

Patientsf

Value for Temperature 
Monitoring Non- 

Compliant Patientsg

Reference

Cost of RFTM – $1500 ($1250–$1500) $1500 ($1250–$1500) Unpublished 

datad

In the event that an ulcer develops, average 

time for wound healing (months)

13.20 (7.92, 18.48) 13.20 (7.92, 18.48) 13.20 (7.92, 18.48) 24

In the event that a foot ulcer develops, 

average monthly cost of wound treatment 

(inclusive of all inpatient, outpatient, and drug 

treatments)h

$2387 ($1918–$2867) $2387 ($1918–$2867) $2387 ($1918–$2867) 9, 10

In the event that an amputation is required, 

average amputation costs (inclusive of all 

procedure-related and prosthesis costs)

$83326 ($66,661, $99,991) $83,326 $83,326 12

Notes: aValue for SoC Alone (Sensitivity Analysis Range), bValue for Temperature Monitoring Compliant Patients (Sensitivity Analysis Range), cValue for Temperature 
Monitoring Non-Compliant Patients (Sensitivity Analysis Range), dUnpublished data on file (Siren Care, Inc., 2020), eValue for SoC Alone (Sensitivity Analysis Range), fValue 
for Temperature Monitoring Compliant Patients (Sensitivity Analysis Range), gValue for Temperature Monitoring Non-Compliant Patients (Sensitivity Analysis Range), hThe 
monthly cost of an ulcer is based on a Medicare population that is inclusive of a majority inpatient population, but also inclusive of outpatient physician and nursing facilities, 
and inclusive of drug treatments. 
Abbreviations: RFTM, remote foot temperature monitoring; SoC, standard of care.

Table 2 One Year Cost-Effectiveness Results

Treatment Costs Effectiveness (Expected 
Ulceration Rate)

Cost-Effectiveness (Cost per 
Ulcer Avoided)

ICER (Incremental Cost per 
Additional Ulcer Avoided)

SoC Alone $18,330 0.400 $30,551 –

RFTM plus SoC $10,303 0.192 $12,751 -$38,593 
Dominant

Abbreviations: ICER, incremental cost-effectiveness ratio; RFTM, remote foot temperature monitoring; SoC, standard of care.
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ulcer avoided, respectively. When examining the average 
wound healing time (in months) in the SoC-only group of 
8 months, the facility would expect to save $14,255 per 

ulcer avoided, whereas an average wound healing time of 
18 months would result in savings of approximately 
$62,932 per ulcer avoided. Finally, wound healing time 

Figure 2 Sensitivity analysis for SoC alone. The points that fall below 0 favor RFTM, while points that are greater than 0 favor SoC alone. 
Abbreviations: RFTM, remote foot temperature monitoring; SoC, standard of care.

Figure 3 Sensitivity analysis for compliant RFTM users. The points that fall below 0 favor RFTM, while points that are greater than 0 favor SoC alone. 
Abbreviations: RFTM, remote foot temperature monitoring; SoC, standard of care.

Figure 4 Sensitivity analysis for non-compliant RFTM users. The points that fall below 0 favor RFTM, while points that are greater than 0 favor SoC alone. 
Abbreviations: RFTM, remote foot temperature monitoring; SoC, standard of care.
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of 8 and 18 months results in cost savings of $44,921 and 
$32,265 per ulcer avoided, respectively, in the compliant 
group and cost savings of $43,948 and $33,239 per ulcer 
avoided in the non-compliant group, respectively.

Discussion
The model demonstrates that RFTM may improve patient 
outcomes with concomitant cost savings to healthcare 
payers; the expected ulceration rate with SoC alone is 
approximately 2.1 times greater than SoC with RFTM, 
and such ulceration rate is associated with greater 
expenses for both treatment and subsequent potential 
amputation. Further, early detection of DFU could lead 
to a reduction in amputation or shorter healing times 
which would improve the results of the model.25 There 
are, however, certain limitations associated with the 
model. The current model inputs are based on published 
literature; not direct outcomes data.

Temperature monitoring has been reported in the lit
erature as a meaningful method of identifying issues and 
avoiding ulceration. However, compliance to previously 
existing foot temperature monitoring methods has been 
identified as a critical input into the value of monitoring 
in improving outcomes.26 This model is an effort to eval
uate the potential impact of a temperature monitoring 
system that utilized new technology or methods to allow 
for greater compliance.

Additionally, patient-reported and quality of life 
metrics were excluded from the current analysis. 
Depression and quality of life, particularly following 
amputation, may increase overall costs of care for diabetic 
patients even beyond these results. Studies have reported 
that approximately 62% of people with a DFU experience 
depression, ranging from 28%-68%.6 Mental health is 
associated with the outcome of lower extremity wounds; 
those who have both diabetes and depression are more 
likely to need an amputation.27,28 In a pooled analysis 
from a systematic review, people with diabetes and depres
sion have a 76% increased risk of lower extremity 
amputation.27 Once an amputation occurs, patients may 
experience additional feelings of anxiety, depression, and 
grief; sometimes serious enough to warrant a diagnosis of 
post-traumatic stress disorder.29 These issues may not only 
worsen the quality of life for the patient but can also incur 
expenses for payers.

Although the model does not use direct outcomes data or 
include quality of life metrics, it still shows massive cost 
savings. As such, if payers expected to see slightly different 

inputs in the model, they are still likely to experience cost 
savings, which is proved by the one-way sensitivity analysis. 
Further, extreme negative outcomes are currently associated 
with DFU, ie 14–24% of DFU patients requiring amputa
tion, 5-year mortality after amputation exceeding 70%, and 
DFU complication costing the US $59 billion annually.2,3 

The outcomes associated with DFU cannot get any worse 
than they currently are, but employing RFTM technology 
could help improve those outcomes.

Studies like this should continue to be conducted to 
establish RFTM as an easy-to-use and recommended tool 
in the clinical guidelines for DFU early detection and 
diagnosis. Such technology can be expanded upon to 
become even more useful. Continuous data collected by 
RFTM allow for machine learning, artificial intelligence, 
personalization, and more that could improve the experi
ence of diabetes patients.

Conclusions
Remote foot temperature monitoring of a diabetic foot 
in patients who are at high risk for DFU such as those 
with a history of DFUs, callus, or Charcot foot may 
decrease the likelihood of DFU and subsequent ampu
tation. This is accompanied by substantial cost savings 
for healthcare payers, with $38,593 annual incremental 
saving per ulcer avoided. Improvements in patient 
quality of life and mental health may increase these 
incremental benefits. Additional research is needed to 
quantify both compliance with and direct impact on 
DFU incidence associated with remote temperature 
monitoring devices.
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