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ABSTRACT

The world is experiencing an enormous rise in the prevalence of diabetes, which is

associated with massive healthcare costs that threaten to overwhelm many healthcare

systems. Most of the diabetes expenditure is attributed to the management of chronic

diabetes complications, including diabetic peripheral neuropathy (DPN)/diabetic foot

complications, chronic kidney disease, sight-threatening retinopathy and cardiovascular

diseases. Of these complications, the most overlooked is DPN. Most consultations around

the world do not even involve taking off shoes and socks to carry out a foot

examination, and even when carried out, the peripheral neurological examination using

the 10-g monofilament diagnoses DPN when it is already at an advanced stage. Thus, all

too often diabetes complications are diagnosed late, resulting in devastating outcomes,

particularly in low- to middle-income countries. There is, therefore, an urgent need to

instigate new strategies to improve microvascular screening uptake using a holistic

protocol for annual diabetes health checks outside the busy diabetes clinic. One such

approach, the Sheffield One-Stop Microvascular Screening Service, which involves modern

point of care devices to diagnose DPN, has been shown to be feasible and effective,

resulting in high uptake and early management of diabetes complications. This article

outlines the advantages of this One-Stop Microvascular Screening Service and a plan to

trial an adapted version of this service to a resource-limited country, the Philippines. If

successful, this model has the potential for implementation in other countries around the

world.

INTRODUCTION
The worldwide prevalence of diabetes mellitus continues to rise
at an unprecedented rate, up to 700 million people globally will
be diagnosed with diabetes by 2045, an increase of one-third
from the current figure1. Although the prevalence is higher
among high-income countries (10.4%) compared with
low-income countries (4.0%), the greatest increase in the

number of people with diabetes is expected to be in Africa, and
142.9% more people with diabetes are expected in 2045 com-
pared with 2019. The rise in the prevalence of diabetes is
largely driven by type 2 diabetes, due to adoption of the West-
ern diet and lifestyle worldwide2. Diabetes and its complications
impose an enormous economic burden on individuals, families
and society. In 2021, the total estimated global healthcare
expenditure for people with diabetes was nearly $1 trillion3.
Although much of the economic burden related to diabetes is
the direct costs related to healthcare, as much as 34.7% ofReceived 14 June 2024; revised 28 June 2024; accepted 3 July 2024
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global costs in 2015 were estimated to be indirect costs associ-
ated with loss of productivity predominantly due to labor-force
dropout. In addition, diabetes adversely impacts workforce pro-
ductivity; for example, in 2010 there was an estimated $1 bil-
lion cost to the economy in Singapore alone due to lost
productivity4. In Southeast Asian countries, where there is a
high rate of personal ‘out-of-pocket’ healthcare expense, diabe-
tes can impose catastrophic medical spending, leading to
illness-induced poverty5. Furthermore, as in other parts of the
world, there is inequality in health in Southeast Asia, with poor
access to appropriate diabetes care in lowest income and
deprived communities5.
A major source of morbidity, mortality and healthcare

expenditure in diabetes is the development of microvascular
complications, namely retinopathy, nephropathy and peripheral
neuropathy (DPN). DPN is a particularly neglected complica-
tion, which frequently is the precipitant for diabetic foot dis-
ease. In 2017, the global diabetic foot ulcer prevalence was
6.3% in people with diabetes6. The lifetime risk of diabetic foot
ulceration has been reported to range between 12 and 25%, but
more recent reports indicate the lifetime risk might be higher
(19–34%) as a result of increases in life expectancy7,8. Diabetic
foot disease is associated with excessive morbidity, with recur-
rence rates of 65% at 3–5 years8, and lifetime risk of any
lower-extremity amputation in people with a diabetic foot
ulceration is at least 19%9. Furthermore, the mortality of dia-
betic foot ulceration is shocking, at 50% at 5 years10, which is
worse than many cancers, despite being perceived as less
life-threatening11.
The costs associated with diabetic foot disease are also

enormous12. A detailed analysis from the UK between 2014
and 2015 showed that the cost of healthcare for ulceration and
amputation was £837–962 million, 0.8–0.9% of the entire
National Health Service budget for the UK13. Concerningly,
these costs were calculated as 0.6% of the National Health Ser-
vice budget between 2010 and 2011, suggesting a significant rise
in the proportion of healthcare spending on diabetic foot14.
The costs of diabetic foot care vary around the world, and
depend on the healthcare system and economy. Furthermore,
the data availability varies substantially too, and the health
expenditure of diabetic foot care in low- and middle-income
countries is not well known12. In the USA, it is estimated that
the cost related to diabetic foot ulceration amounts to $9–
13 billion in excess of diabetes expenditure15. The disheartening
expenses related to diabetic foot ulceration and amputations are
projected to soar in the future with the growing population of
diabetes globally12.
Despite screening for all these complications being recom-

mended in international guidelines, the implementation of
screening programs is scarce, particularly in low-middle income
countries. Only five out of 59 upper-middle income counties
have fully implemented diabetic eye-screening programs,
whereas no low-/middle-income countries do16. Whereas
screening for chronic kidney disease in diabetes is

approximately 86% in low-to-middle income countries17. The
uptake of diabetic foot screening worldwide is unknown, due to
a lack of data, but uptake in even high-income countries, such
as the UK, it is only 70–75%18. Among diabetes complications,
DPN is often not a priority for busy physicians. The short dia-
betes consultation is focused on evaluation of blood glucose
control, blood pressure, cholesterol and renal function. Many
patients do not even have their shoes and socks taken off to
examine the feet looking for DPN and peripheral arterial dis-
ease. Therefore, DPN is often not diagnosed at all, or diagnosed
too late. Unfortunately, this results in well-established neuropa-
thy leading to diabetic foot ulceration, infection and
amputations19. Even in well-developed countries, up to 80% of
patients with DPN remain undiagnosed20. Another recent study
from four European countries showed that 50% of people with
painful DPN also remain undiagnosed21. Thus, there is a need
to develop screening programs for microvascular complications
of diabetes, including DPN and painful DPN, which implement
the recommendations of diabetes guidelines.

DIABETIC PERIPHERAL NEUROPATHY
DPN is defined as a symmetrical, length-dependent sensorimo-
tor polyneuropathy that results from metabolic and microvas-
cular alterations secondary to chronic hyperglycemia and other
cardiovascular risk factors22. DPN is one of, if not the most,
common chronic complications of diabetes. The global preva-
lence of clinically diagnosed DPN is estimated to be approxi-
mately 30% in people with diabetes, with a range of 6–51%23.
However, when sensitive tests are used, such as nerve conduc-
tion studies, the reported prevalence is closer to 50%24–26.
The onset of DPN in type 1 diabetes patients generally

occurs after several years, hence foot screening is only recom-
mended 5 years after diagnosis27. However, DPN might be pre-
sent in up to 13% of people with type 2 diabetes at diagnosis28,
and can be present in people in prediabetic states, such as
impaired fasting glucose and impaired glucose tolerance29.
Indeed, the first presentation of diabetes can be with a diabetic
foot complication, due to late diagnosis of diabetes and the
development of already well-established peripheral neuropathy.
The risk factors for DPN are well known, and include

diabetes-related factors, such as a longer duration of diabetes and
a higher glycated hemoglobin (HbA1c; i.e., poorer diabetes con-
trol), and other potentially modifiable cardiovascular risk factors,
such as dyslipidemia, obesity, hypertension and smoking28,30.
Hyperglycemia, dyslipidemia and other vascular factors lead to
injurious molecular pathways within the whole nerve unit (neu-
ron, Schwann cell, nerve vasculature, extra-cellular matrix etc.),
ultimately resulting in nerve cell death31.
In DPN, the longest nerves in the body are those that are

impacted first, which are the nerves supplying the distal toes in
both feet. DPN then progresses symmetrically to involve the
feet and the legs in a stocking distribution. Once sensory loss
reaches the level of approximately the knees, the upper limb
can also be impacted. All nerve types are affected, including
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motor nerves, leading to foot deformity, and sudomotor nerves,
which impair sweating in the feet, which can result in dried
and cracked skin. Advanced DPN can also impair mobility and
balance, leading to an increased risk of falling. DPN can be
entirely asymptomatic, but some patients can experience symp-
toms, such as numbness, paresthesias (e.g., tingling, and pins
and needles), and up to 50% suffer with neuropathic pain
(Painful-DPN). Painful neuropathic symptoms include burning,
electric shock-like and aching pain, and allodynia (pain due to
a stimulus that does not normally provoke pain). Painful-DPN
often leads to severe pain, and can have a drastic impact on
sleep, mood and quality of life31.
DPN is typically diagnosed clinically, using a combination of

symptoms and careful clinical examination using simple instru-
ments. Before attributing a neuropathy to DPN, a careful his-
tory and investigations should be carried out to exclude other
potential causes of peripheral neuropathy (e.g., thyroid disease,
vasculitis, vitamin B12 deficiency, alcohol neuropathy or ure-
mia), whereas atypical features (e.g., absence of other microvas-
cular complications, asymmetry of neurological impairment,
rapid progression of symptoms or early involvement of the
upper-limb) might prompt referral to a specialist31.
The assessment of DPN has not changed in decades, and

involves the use of crude and insensitive tools that are time
consuming, and often not carried out by the busy physician in
over-stretched diabetes clinics. Assessment of temperature and
pinprick (small-fiber function), 128-Hz tuning fork to assess
vibration (large-fiber function) and 10-g monofilament test
(foot ulcer risk) are minimum requirements according to guide-
lines; although, the Ipswich touch test can be carried out in
resource-limited countries, by lightly touching the tips of the
first, third and fifth toes27,32. However, these tests identify DPN
at a late stage, when the underlying nerve injury is already
advanced. The 10-g monofilament in particular diagnoses DPN
when there is a loss of protective sensation in the foot, and the
foot is at risk of complications, such as ulceration. Progress has
been made with the development of point-of-care devices that
are capable of diagnosing DPN early, at a subclinical stage
before it is clinically detectable33.

The devices with the most robust evidence are DPN-Check
and SUDOSCAN (Table 1)34,35. DPN-Check is a handheld
device that measures sural nerve conduction velocity and
amplitude in 3-min. It has been shown to be a valid proxy for
standard nerve conduction studies (95% sensitivity and 71%
specificity)35,36, which are expensive, time-consuming and
require neurophysiology experts to carry them out. SUDOS-
CAN provides a quantitative measurement of small fiber sudo-
motor function within 3-min33. The device measures
electrochemical skin conductance for the hands and feet, and
has a sensitivity for classifying DPN of 87.5% and specificity of
76.2%37. Thus, these devices could be incorporated into new
strategies to: (1) ensure that regular screening for DPN/foot
ulcer risk are carried out, and (2) diagnose DPN at an earlier
stage when the condition might be more amenable to treatment
and to risk-stratify patients.

INCREASING SCREENING UPTAKE FOR
MICROVASCULAR COMPLICATIONS: THE SHEFFIELD
ONE-STOP SHOP
The International Diabetes Federation recommends all people
with diabetes should have annual surveillance of diabetes control
and complications, including assessment of blood glucose control
(e.g., HbA1c), blood pressure, blood cholesterol, retinal screen-
ing, foot checks, urinary albumin and serum creatinine testing,
weight, and smoking status check38. However, achievement of all
these care processes is lacking, even in developed countries, such
as the UK. Only 40% of people with type 1 diabetes and 50–
60% with type 2 diabetes receive all these care processes in the
UK, with little change in uptake over the past decade18.
The microvascular complication with the highest uptake is

retinal screening, which has a nationally funded screening pro-
gram that started in 2005. This screening program has led to a
reduction in sight-threatening retinopathy, such that diabetes is
no longer the commonest cause of working-age blindness, a
phenomenon seen only in the UK, as opposed to the rest of
the world39–41. In contrast, DPN diagnosis is overlooked, with
the use of inappropriate screening instruments, such as the
10-g monofilament test, which diagnoses the condition late.

Table 1 | Clinical utility of DPN-Check and SUDOSCAN for the diagnosis of diabetic peripheral neuropathy

Function Fibers
assessed

Validated against Sensitivity
(%)

Specificity
(%)

Intra-observer
intraclass
correlation
coefficient

Inter-observer
intraclass
correlation
coefficient

DPN-Check Sural sensory
nerve
function

Large Aa
Ab fibers

Nerve conduction studies, standardized
clinical examination, and laser Doppler
flare imaging

84.3–90.5% 68.3–86.1% 0.94–0.97 0.79–0.83

SUDOSCAN Sudomotor
function

Small C
fibers

Nerve conduction studies, standardized
clinical examination and thermal
perception threshold

87.5% 87.5–76.2% 0.88 0.95

Adapted with permission by Endocrine, 201554. Copyright and all rights reserved.
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To tackle this poor screening uptake, the ‘Sheffield One-Stop
Microvascular Screening Service’ was developed42. The purpose
of this service was to divorce the annual screening from the
busy diabetes clinic and to have all the necessary care processes
carried out by a nurse in one visit. Combining all checks in
one visit ensures the screening and diagnosis of overlooked
complications, such as DPN and painful-DPN (Figure 1).
The Sheffield One-Stop Service was developed through col-

laboration with the Sheffield Eye Screening Service to develop
a comprehensive annual screening service42. On arrival,
patients have mydriatic eye drops applied to dilate the pupils
for digital retinal photography. This takes approximately
20 min, and this time is used to carry out anthropometric
measurements (weight and waist-hip ratio), blood pressure,
blood tests (HbA1c, lipid profile, urea and electrolytes), urine
test for urinary albumin excretion rate, smoking assessment
and foot/neuropathy review. In addition, a novelty of this ser-
vice is that it aims to diagnose DPN at an earlier stage, where
it might be more amenable to treatment, and to risk stratify
those at a high risk of foot disease and death, and to institute
intensive risk factor treatment. To achieve this, the service uti-
lizes point-of-care devices (DPN-Check handheld device that
measures nerve conduction within 3-min and SUDOSCAN
that assesses small fiber function within 5-min) for the early

diagnosis of DPN34,35. However, in many resource-limited
countries, these devices will not be available, and DPN screen-
ing can be carried out using other widely available diagnostic
tools, such as the 128-Hz tuning fork (large-fiber function)
and Neurotips (small-fiber function), and even in remote areas
with extremely poor resources, such as the Ipswich
Touch-Test27,32. Furthermore, a simple and quick screening
tool for neuropathic pain is used, the Douleur Neuropathique
en 4 (DN4), to diagnose painful-DPN43. Finally, the patients
have retinal photography, with the whole process taking
approximately 30 min. The advantage of this approach is that
the whole process can be carried out by trained nurses or
allied healthcare professionals.
Altogether, data from 236 participants were analyzed (mean

age 63.5 years, standard deviation 14.1 years; 97.8% type 2 dia-
betes; 61.4% men)42. Only 18.9% had documented evidence of
foot screening within the previous 12 months. The prevalence
of DPN was underestimated by the 10-g monofilament test
(14.4%) compared with an abnormality in either DPN-Check
or SUDOSCAN (61.9%), which had a sensitivity of 93.2% to
detect DPN. Furthermore, using our proposed algorithm (Fig-
ure 1), 29% would have DPN excluded (sensitivity 95%), 36%
had DPN diagnosed (specificity 82.2%) and 35% were
‘unclassified’.

The Problem

Late diagnosis of Diabetes

complications
• Poor outcomes including: 

sight loss, end-stage renal

disease, lower limb

amputation and early death

• Rising expenses to

healthcare systems

Annual Diabetes

health checks often

not done
� Guidelines do not focus

on implementation

� No time to do checks in

busy clinics

� Foot and neuropathy 

checks not a priority

Potential Solution

The ield One-Stop Microvascular Screening Service adapted to local needs

The prevalence of

diabetes complications

is rising worldwide

- Service provided by trained nurses or healthcare assistants

- Focus on early diagnosis of diabetic complications

- Early referral for the management of risk factors and complications

Time

C
o
m

p
li
c
a
ti
o
n
s

9 Healthcare

processes

Figure 1 | The Rationale for implementing the Sheffield One-Stop Microvascular Screening Service in lower-income countires. BMI, body mass
index; DN4, Douleur Neuropathique en 4; DPN, diabetic peripheral neuropathy; HbA1c, glycated hemoglobin.
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We propose that those without DPN could undergo biennial
screening, and those unclassified undergo screening yearly;
whereas those with DPN with a positive 10-g monofilament
would be referred to a foot protection team, and those with a
negative 10-g monofilament (subclinical DPN) could undergo
intensive risk factor intervention. The study also diagnosed 25%
of participants with painful-DPN. Furthermore, 91.1% of the
participants indicated they were ‘in favor’ or ‘strongly in favor’
of the service, with no-one against the service.
Thus, the Sheffield One-Stop Microvascular Screening Service

was shown to have a high uptake, reducing clinic visits, and
identified early DPN and Painful-DPN42. The service allows the
opportunity to provide patients with their risk factors and com-
plication status (in a patient-friendly information leaflet) in one
visit, so people can be empowered to be drivers of their own
treatment. There is a potential to develop the information leaf-
let into a mobile phone application, which could track risk fac-
tor/complication status over time and provide advice on
accessing treatment locally. A robust business case for the cost-
effectiveness of the service was developed, and following
engagement with the Sheffield Care Commissioning Group, this
model of care was accepted and is in operation in four very
large general practice hubs in the city, which has an estimated
40 000 people with diabetes (Table 1).

ADAPTING THE ONE-STOP MICROVASCULAR
SCREENING SERVICE MODEL TO OTHER
RESOURCE-LIMITED COUNTRIES: A CASE STUDY IN
THE PHILIPPINES
The Philippines is in the Western Pacific Ocean part of South-
east Asia, with a population of approximately 113.9 million. It
has a high incidence of poverty (i.e., proportion of people fall-
ing below the national poverty line) of approximately 18.1%,
the third highest in Southeast Asia44. Adoption of the Western
lifestyle has led to a rise in the prevalence of elevated fasting
blood sugar suggestive of diabetes, from 3.4% in 2003 to 7.9%
in 201845. The Philippines also has one of the highest rates of
undiagnosed diabetes in the world at 66.7%, second only to
Indonesia in the region46. Diabetes ranks as the fourth com-
monest cause of death within the country47, and microvascular
complications are prevalent48,49. Although robust data for dia-
betic complications are not available, the rates of amputations
and end-stage renal disease are high50–52. Although national
guidelines for the management of diabetes and microvascular
disease screening are available, effective implementation of the
guidelines is lacking. This results in late and irreversible
sequelae of diabetes, high mortality, and healthcare costs with a
two- to fourfold increase in the expenses seen among those
with complications versus those without, based on a recent
local study53.
The high rates of diabetes complications in the Philippines,

where physicians have little time to do comprehensive screen-
ing in busy clinics, led to a meeting with endocrinologists from
the Philippines and Sheffield at the International Diabetes

Federation conference in Lisbon 2022, where a decision was
made to explore adaption of the Sheffield One-Stop Microvas-
cular Screening Service to the healthcare system in the Philip-
pines. A meeting of key stakeholders (endocrinologists, diabetes
guideline developers, ophthalmologists, hospital health man-
agers, and healthcare research board members of the Philip-
pines College of Endocrinology, Diabetes and Metabolism)
occurred in 2023, exploring the challenges and opportunities of
adapting the One-Stop Shop to the specific healthcare system
in the Philippines. A 6-month feasibility study within East Ave-
nue Medical Center in Manila will take place, which will carry
out an adapted One-Stop-Shop clinic for 300 patients attending
for annual diabetes reviews. Patients will have mydriatic eye
drops applied to dilate pupils for digital retinal photography/
direct fundus examination; while awaiting mydriasis, they will
undergo other care processes carried out by a well-trained
nurse, including foot/neuropathy screening; DN4 questionnaire
to diagnose painful-DPN; anthropometric measurement (weight
and blood pressure); and biochemical testing (serum HbA1c,
lipid profile, and renal function and urine albumin creatinine
ratio). Finally, retinal assessment will occur within the ophthal-
mology department. This project will determine the practicality
of adapting the Sheffield One-Stop Microvascular Screening
Service in the healthcare settings in the Philippines, and allow a
detailed cost analysis of the service.

CONCLUSIONS
It is well recognized that most people with diabetes do not have
appropriate screening services, especially in low- and
middle-income countries. Although there are high-quality clini-
cal guidelines for the management of diabetes, their implemen-
tation in clinical practice, as in many parts of the world, is
woefully inadequate. In the UK, the institution of an annual
digital camera-based eye screening since 2005 for all people
with diabetes has led to displacing diabetic retinopathy as the
leading cause of working-age blindness. This national screening
has very high uptake (>85%), and patients are referred at the
earliest changes to an ophthalmologist. This service has been a
game-changer. A similar approach of robust, cost-effective
screening services is required if a significant reduction in late
complications is to be achieved. In particular, the One-Stop
comprehensive screening will ensure the early diagnosis and
management of currently neglected complications, such as
DPN and Painful-DPN.
This feasibility study of starting the One-Stop Shop primarily

carried out by well-trained nurses outside the diabetes clinic
with the results fed to their physician is, therefore, the first step
in the process. Depending on resource availability, the use of
objective and quantitative measures of DPN using point-of-care
devices will ensure early diagnosis. If there is good feasibility of
conducting this One-Stop Shop, both in hospital and commu-
nity settings, further studies will be required to see if such ser-
vices can be offered in large primary care hubs, as in Sheffield,
the UK. This will require the engagement and active
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participation of patient groups, healthcare providers, policy
makers, guideline writers and politicians working in concert to
embrace this model, and invest in its infrastructure and ensure
sustainability. If the results of the feasibility study within the
Philippines are favorable, this will be the first step for further
studies aimed at implementing such a service both in commu-
nity and hospital settings. The project carried out in the Philip-
pines will be a pilot showing the feasibility in similar healthcare
settings in other countries and can be reapplied.
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