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Abstract

Background and objectives: Diabetic microangiopathy is a frequent complication of dia-
betes mellitus, and its early identification remains challenging, particularly in resource-limited
settings. This study aimed to develop a simple clinical scoring system based on cutaneous man-
ifestations to estimate the risk of microangiopathy. Methods: An observational cross-sectional
pilot study was conducted in 30 adults with diabetes mellitus attending a specialized diabetic
foot unit. Lower-limb cutaneous manifestations (xerosis, absence of hair, hyperpigmentation,
nail-plate thickening, skin atrophy and hypertrophy) were assessed during physical examina-
tion. Cutaneous findings significantly associated with clinically established microangiopathy
were incorporated into a preliminary clinical screening index. Its discriminative ability was
evaluated using receiver operating characteristic (ROC) analysis. As a secondary exploratory
analysis, the relationship between the index and transcutaneous oxygen pressure (TcPO2) was
investigated. Results: Five cutaneous manifestations were included in the final clinical screen-
ing index. The index demonstrated excellent discriminative ability for identifying clinically
established microangiopathy (AUC = 0.95; 95% CI: 0.88–1.00). A cut-off value of ≥4 points
yielded a sensitivity of 76.2% and a specificity of 100%. Higher index scores showed a trend
towards lower TcPO2 values and a greater frequency of reduced tissue oxygenation, although
these exploratory associations were not statistically significant. Conclusions: The proposed
score shows promising discriminative performance. Although physiological associations were
not statistically significant, observed trends support its potential clinical relevance. Further
validation in larger cohorts is required.

Keywords: diabetes mellitus; prevention; skin diseases; microcirculation

1. Introduction
Microcirculatory disorders occur in the context of numerous diseases, particularly

vascular pathologies, as well as metabolic conditions such as diabetes mellitus (DM) [1].
Chronic hyperglycemia promotes both direct and indirect cellular damage through the
formation of advanced glycation end products (AGEs), which impair the function of
keratinocytes and fibroblasts and disrupt protein synthesis, proliferation, and migration.
Moreover, they can interfere with vasodilation mechanisms by reducing the bioavailability
of nitric oxide (NO) [2,3]. The interaction of AGEs with their specific receptors induces
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the release of pro-inflammatory cytokines and reactive oxygen species, which leads to
oxidative stress. In addition, AGEs interact with type I collagen and epidermal growth
factor, which results in the suppression of cutaneous regeneration processes [4].

A key histopathological feature of diabetic microangiopathy is the thickening of the
capillary basement membrane, which compromises the diffusion of adequate amounts of
nutrients and oxygen into the skin [1]. Among the most common cutaneous manifestations
associated with DM are diabetic dermopathy, scleroderma-like changes, and xerosis. It is
estimated that between 30% and 70.3% of individuals with DM present with some form of
cutaneous alteration, which may even precede the clinical diagnosis of DM [5,6].

Diabetic dermopathy is the most common dermatological manifestation of DM and
occurs in up to 50% of individuals with this condition [7]. The number of lesions increases
with the duration of DM, patient age, and HbA1c levels [8,9]. It presents as rounded,
dull, erythematous papules that progressively develop into brown, well-circumscribed
atrophic macules. Eventually, the lesions resolve and leave behind concave areas with
hyperpigmentation. They typically appear bilaterally and most often in the pretibial region,
and the lesions are completely asymptomatic [9,10]. Diagnosis is primarily clinical [10].
Diabetic dermopathy is especially prevalent among patients with microangiopathy and may
precede the onset of neuropathy and retinopathy. Nephropathy and cardiovascular disease
are also frequently observed in individuals with diabetic dermopathy, as Shemer et al. [8]
reported. An alternative hypothesis proposes that subcutaneous nerve degeneration is the
primary pathogenic mechanism underlying diabetic dermopathy, but its pathogenesis is
not completely understood [10,11]. Scleroderma-like skin changes occur in approximately
10% to 50% of individuals with DM. Risk factors for developing this cutaneous condition
include type 1 DM, the presence of nephropathy and retinopathy [12], and longer disease
duration. These skin changes typically manifest bilaterally in the acral regions, with the skin
appearing thickened, indurated, and waxy or sclerotic. These changes are not accompanied
by pain [13].

Xerosis is characterized by impairment of the lipid barrier in the stratum corneum
that leads to disruption of the cutaneous barrier and a reduction in natural moisturizing
factors [14]. It occurs in up to 44% of patients with DM [15], and the affected skin may
exhibit scaling, cracking, or a rough texture. These changes are most frequently localized to
the feet. Furthermore, this cutaneous manifestation can give rise to further complications
such as fissures, secondary infections, and diabetic foot ulcers (DFU).

In patients with DM, xerosis often occurs as a consequence of long-term sustained
hyperglycemia in which AGEs are deposited on collagen [5,16]. It may also be linked to
microvascular complications in the context of diabetic polyneuropathy, where impaired
sweating due to autonomic nerve dysfunction contributes to skin dryness [17]. Treatment is
centered on the application of emollient creams containing active ingredients such as urea,
which help restore the integrity of the skin barrier [18,19]. Yellowish discoloration and
asymptomatic thickening of the nail plate are commonly observed in older patients with
type 2 DM. These benign alterations typically affect the soles of the feet or the nail plate of
the hallux. The accumulation of various substances, including AGEs, may contribute to the
morphological changes, but the exact pathogenesis remains a subject of debate [12].

Other common manifestations of diabetic microangiopathy include hair loss and skin
atrophy or thinning in the lower extremities. Chronic reduction in oxygen and nutrient
supply secondary to vascular impairment induced by hyperglycemia may damage the
hair follicles, leading to hair abnormalities such as thinning, fragility, or loss. Studies have
shown that up to 26.6% of patients with type 2 DM exhibit an absence of hair on the lower
limbs [20,21]. Cutaneous atrophy is characterized by loose, wrinkled, and shiny skin that
is often accompanied by telangiectasias and hypopigmentation and is similarly associ-
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ated with decreased blood flow to the skin [22]. The treatment of these manifestations is
primarily based on glycemic control to prevent the progression of microvascular compli-
cations [9,23]. The main cutaneous manifestations considered in this study are illustrated
in Figure 1.

     

(a)  (b)  (c) 

Figure 1. Cutaneous manifestations assessed in the study. The figure illustrates the main lower-
limb cutaneous findings considered in the proposed clinical screening index, including hair loss,
hyperpigmentation (a), nail-plate thickening (b), xerosis and skin atrophy (c).

Several cutaneous manifestations have individually been associated with diabetic
microvascular disease, including xerosis, hair loss, pigmentary changes, nail abnormali-
ties, and skin atrophy. However, these findings are usually reported as isolated clinical
observations, and to our knowledge they have not previously been integrated into a simple
composite clinical screening index capable of identifying patients with clinically established
diabetic microangiopathy. Although previous studies have explored individual cutaneous
manifestations [8,24], skin-derived biomarkers [25], and quantitative measures of skin
microvascular dysfunction in relation to diabetic complications [26], we found limited
evidence for a clinical composite index integrating multiple readily observable cutaneous
manifestations to indicate clinically established diabetic microvascular involvement. Given
the wide range of cutaneous manifestations associated with impaired microcirculation in
patients with DM, it is essential to establish an early referral protocol to facilitate the identi-
fication of individuals who have higher risk of developing microvascular complications.
Developing such an index could facilitate bedside assessment using routine physical exam-
ination and may help identify patients requiring further vascular evaluation, particularly
in settings where specialized diagnostic tests are not readily available.

Therefore, this pilot study aimed to develop a simple bedside clinical screening in-
dex based on lower-limb cutaneous manifestations that may raise clinical suspicion of
diabetic microvascular involvement and help prioritize patients for further diagnostic
evaluation. A secondary objective was to explore the relationship between this index and
tissue oxygenation measured by transcutaneous oxygen pressure (TcPO2).

2. Materials and Methods
2.1. Study Design

A pilot observational cross-sectional study was conducted to investigate the asso-
ciation between lower-limb cutaneous manifestations and clinically established diabetic
microangiopathy and to develop a preliminary clinical screening index. Adult patients
with type 1 or type 2 diabetes mellitus attending a specialized diabetic foot unit were
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consecutively recruited between October 2023 and December 2024. All patients meeting the
predefined eligibility criteria during the recruitment period were considered for inclusion,
regardless of their vascular status or the presence of diabetic microvascular complications.

Inclusion criteria were age ≥18 years, a diagnosis of type 1 or type 2 diabetes mellitus,
and the ability to provide written informed consent. Patients with major lower-limb
amputation, defined as an amputation at or proximal to the ankle joint, were excluded
because complete assessment of the predefined cutaneous variables was not possible.
No additional exclusion criteria based on peripheral arterial disease or other vascular
conditions were applied, as vascular assessment formed part of the study protocol and was
unknown at the time of enrollment. This approach was intended to minimize selection bias
and reflect routine clinical practice.

The study was approved by the local Research Ethics Committee (approval num-
ber 22/722-E) and conducted in accordance with the Declaration of Helsinki [27]. All
participants provided written informed consent before enrollment.

The present study represents a secondary analysis of a previously characterized
cohort of individuals with diabetes mellitus [28]. The previous study investigated changes
in lower-limb microcirculation following a 15 min walking intervention, whereas the
present analysis addresses a distinct research question. The clinical scoring system and
its preliminary discriminatory assessment presented in the current study have not been
previously reported.

2.2. Clinical Assessment

All participants underwent a standardized clinical examination of both lower limbs
performed by the same investigator. To minimize observer bias, the dermatological assess-
ment was systematically completed before obtaining the participants’ medical history or
reviewing information regarding diabetes-related complications. The presence or absence
of predefined cutaneous manifestations—including xerosis, absence of hair, hyperpigmen-
tation, nail-plate thickening, skin atrophy, and edema—was recorded using standardized
clinical criteria. Severity, extent, or anatomical distribution of individual lesions was
not graded.

Following completion of the dermatological examination, participants were evalu-
ated for clinically established diabetic microangiopathy according to the predefined study
criteria. Microangiopathy was defined as the presence of diabetic peripheral neuropathy to-
gether with diabetic retinopathy and/or diabetic nephropathy. This definition was adopted
to increase diagnostic specificity by identifying patients with clinically established multi-
system microvascular involvement rather than isolated complications. Diabetic peripheral
neuropathy is a multifactorial complication in which microvascular dysfunction plays a
major pathogenic role through chronic impairment of the vasa nervorum, contributing to
nerve ischemia and progressive neural damage [29,30].

Peripheral neuropathy was assessed according to the recommendations of the Interna-
tional Working Group on the Diabetic Foot (IWGDF) and the American Diabetes Associa-
tion (ADA) [31,32]. Protective sensation was evaluated using a 10 g Semmes–Weinstein
monofilament and vibration perception using a 128 Hz tuning fork, which constituted
the principal criteria for diagnosing diabetic peripheral neuropathy. Superficial thermal
sensation was additionally assessed using a RollTemp® (Somedic SenseLab AB, Sösdala,
Sweden) device as part of the neurological examination. The study focused on diabetic
patients, and peripheral neuropathy was evaluated within the clinical context of DM. No
specific investigations were performed to identify alternative etiologies of neuropathy.
Information regarding diabetic retinopathy and diabetic nephropathy was obtained from
the participants’ medical records and corroborated during the clinical interview.
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All participants underwent a standardized vascular assessment comprising pedal
pulse examination, ankle–brachial index (ABI), toe–brachial index (TBI), and TcPO2. While
ABI and TBI were used to characterize lower-limb macrovascular status, TcPO2 was ana-
lyzed as an exploratory physiological measure of tissue perfusion to examine its relationship
with the proposed clinical screening index.

2.3. Sample-Size Calculation

Given the exploratory nature of this pilot study, a formal sample size calculation was
initially performed to estimate the minimum number of subjects required for detecting
differences between groups. The calculation was conducted using Granmo® software
(version 7.12; Institut Municipal d’Investigació Mèdica, Barcelona, Spain). As this was
an exploratory pilot study comparing patients with and without clinically established
microangiopathy, the calculation assumed a prevalence of cutaneous manifestations of 30%
in patients without microangiopathy and 80% in those with microangiopathy, with 80%
statistical power and a two-sided significance level of 10%. Under these assumptions, a
minimum sample of 28 participants was required.

However, given the exploratory aim of deriving a preliminary clinical index, a final
sample of 30 patients was included. Therefore, the results of this study should be interpreted
as hypothesis-generating and require confirmation in larger cohorts.

2.4. Data Collection

Two investigators participated in the clinical assessment. The cutaneous manifesta-
tions included in the clinical index were systematically recorded by the primary investigator
(LPA), while the second investigator participated in the overall clinical assessment (ATG).
Circulatory-status parameters were analyzed for the study, including the presence or ab-
sence of distal pulses, ABI, TBI, TcPO2, and skin temperature. Vascular screening was
performed using the PeriFlux 6000 Combined System® (PeriMed AB, Järfälla, Sweden),
and skin temperature was measured with a contactless infrared thermometer. Prior to
examination, patients were asked to remain barefoot and at rest for 10 min. All data were
collected at a specialized diabetic foot unit.

2.5. Data Analysis

Data analysis was performed using SPSS (version 27.0; IBM Corp., Armonk, NY, USA).
Categorical variables were summarized as absolute frequencies and percentages, whereas
continuous variables were expressed as mean, standard deviation (SD), and 95% confidence
intervals (95% CI), where appropriate.

Associations between lower-limb cutaneous manifestations and clinically established
diabetic microangiopathy were initially explored using contingency tables. Owing to the
small sample size and sparse cell counts, Fisher’s exact test was used to assess statistical
significance. Odds ratios (ORs) with 95% confidence intervals were calculated whenever
estimation was statistically appropriate.

Because of the limited sample size and the exploratory nature of this pilot study,
regression-based weighting was intentionally not performed to avoid model overfitting.
Instead, variables significantly associated with clinically established microangiopathy
were first identified through bivariate analysis. A pragmatic weighting strategy was sub-
sequently applied, whereby variables showing larger and more consistent effect sizes
(OR >10 or complete separation) were assigned two points, whereas variables demonstrat-
ing moderate but statistically significant associations were assigned one point. The purpose
of this approach was not to derive an optimized prediction model but to construct a simple
preliminary clinical screening index suitable for future validation. The discriminative
ability of the proposed clinical screening index for identifying clinically established diabetic
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microangiopathy was evaluated using receiver operating characteristic (ROC) curve analy-
sis. The area under the curve (AUC) with its corresponding 95% confidence interval was
calculated, and the optimal cut-off value was selected based on the best balance between
sensitivity and specificity.

As a secondary exploratory analysis, the relationship between the clinical screening
index and TcPO2 was assessed using Spearman’s rank correlation coefficient. Differences
in TcPO2 values between predefined risk groups were analyzed using the Mann–Whitney
U test.

All statistical tests were two-tailed, and a p-value < 0.05 was considered statistically
significant.

3. Results
The study included 30 patients, including 19 males (63.3%). The mean age was

70.1 years (SD 6.6), and the mean BMI was 27.6 (SD 3.07). There were 28 patients (93.3%)
who had type 2 DM with a mean disease duration of 19.7 years (SD 12.3), and 14 (46.7%)
subjects were receiving combined treatment with insulin and oral antidiabetics. The average
glucose level was 129.4 mg/dL (SD 33.7), and the average HbA1c was 7.01% (SD 1.1)
(53 mmol/mol; SD ± 9.7).

There were 12 (40.0%) subjects who had a history of DFU, and 5 (16.7%) had undergone
amputation. Other clinical characteristics of the sample are shown in Table 1. Neurological
and vascular parameters of the sample can be found in Table 2. Table 3 shows data on
the cutaneous manifestations of vascular impairment. Of the 30 included participants,
21 (70.0%) fulfilled the predefined criteria for clinically established diabetic microangiopa-
thy, whereas 9 (30.0%) did not.

Bivariate analysis showed significant associations between several cutaneous manifes-
tations and the presence of microangiopathy. Xerosis demonstrated a strong association,
although estimates were imprecise due to sparse data (OR = 48.0; 95% CI: 4.30–535.26;
p < 0.001). Similarly, absence of hair on the lower limbs was significantly associated with
microangiopathy (OR = 14.88; 95% CI: 2.20–100.66; p = 0.004). Nail-plate thickening also
showed a statistically significant association, although with a lower magnitude of effect
(OR = 7.0; 95% CI: 1.14–42.97; p = 0.046).

Hyperpigmentation and skin atrophy were significantly associated with microangiopa-
thy (p = 0.001 and p = 0.029, respectively); however, OR could not be reliably estimated due
to sparse data and the presence of zero-frequency cells, suggesting a strong but statistically
unstable association. No significant association was found between edema and microan-
giopathy (p = 0.626), and this variable was therefore excluded from subsequent analyses.

A preliminary clinical screening index was developed incorporating the five cutaneous
manifestations significantly associated with microangiopathy. Based on the observed
effect sizes and the consistency of the associations identified in the bivariate analyses,
a pragmatic weighting strategy was adopted. Xerosis and absence of hair showed the
strongest associations with clinically established microangiopathy and were therefore
assigned two points each. Nail-plate thickening, hyperpigmentation and skin atrophy
demonstrated significant but comparatively smaller or less stable associations and were
assigned one point each. The total index ranged from 0 to 7 points, with higher scores
indicating a greater likelihood of clinically established microangiopathy.

The ROC curve analysis demonstrated excellent discriminative ability of the clinical index
for identifying patients with microangiopathy (AUC = 0.950; 95% CI: 0.878–1.000) (Figure 2).
The optimal cut-off value was established at ≥4 points, which provided a sensitivity of 76.2%
and a specificity of 100%, allowing accurate classification of high-risk patients.
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Table 1. Clinical characteristics.

Variable Frequency (n) Percentage (%)

Hypertension 20 66.7
Hypercholesterolemia 22 73.3

Retinopathy 9 30.0
Diabetic nephropathy 5 16.7
Cardiovascular history 9 30.0

Previous revascularization 3 10.0
Smoking 5 16.7

Ex-smoker 12 40.0
Enolism 4 13.3

Enolism history 4 13.3
Some baseline clinical characteristics were previously reported in Palacios-Abril et al. [28].

Table 2. Vascular and neurological screening.

Variable Mean SD

ABI 1.03 0.23
Ankle pressure (mmHg) 145.25 35.70

TBI 0.72 0.27
Hallux pressure (mmHg) 98.38 27.82

TcPO2 (mmHg) 48.25 10.2
Foot temperature (◦C) 35.75 1.12

Variable Frequency (n) Percentage (%)

PAD 11 52.4
Intermittent claudication 6 20
Absence of pedal pulse 16 56.3

Absence of posterior
tibialis pulse 9 30

Peripheral neuropathy 22 73.3
ABI: ankle brachial index; TBI: toe brachial index; TcPO2: transcutaneous oxygen pressure; PAD: peripheral
artery disease. Some vascular characteristics were previously reported in Palacios-Abril et al. [28].

Table 3. Cutaneous manifestations of vascular disorder.

Variable Frequency (n) Percentage (%)

Hyperpigmentation 15 50.0

Skin trophism Hypertrophy 12 40.0
Atrophy 9 30.0

Nail thickening 12 40.0
Absence of hair on lower limbs 19 63.3

Xerosis 19 63.3

Based on the predefined cut-off (≥4 points), 16 participants (53.3%) were classi-
fied as high risk and 14 (46.7%) as low risk. Exploratory analyses showed a consistent
trend towards lower TcPO2 values in patients classified as high risk according to the pro-
posed index, although statistical significance was not reached (Spearman’s rho = −0.207,
p = 0.272).

TcPO2 values were lower in the high-risk group compared with the low-risk group;
however, this difference did not reach statistical significance (Mann–Whitney U test, U = 76.5,
Z = −1.477, p = 0.140). Despite the lack of statistical significance, the observed trend suggests
a potential association between higher clinical risk scores and reduced tissue perfusion.
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Figure 2. Receiver operating characteristic (ROC) curve of the proposed bedside clinical screening
index for discriminating between patients with and without clinically established diabetic microvas-
cular involvement.

4. Discussion
Microangiopathy is the main contributing factor to the development of diabetic neu-

ropathy. Impaired vasodilation of small vessels causes endothelial dysfunction of the vasa
nervorum, which leads to hypoxia in both myelinated and unmyelinated nerve fibers in
patients with DM. Neuropathy and peripheral arterial disease are the two complications
that have the most influence on the development of DFU. For this reason, early detection of
microvascular complications is essential for the prevention of these lesions.

Cutaneous manifestations of diabetic microangiopathy are extremely valuable for
healthcare professionals as they can provide information even before more severe compli-
cations arise. In the present study, the most frequent dermopathies were xerosis and hair
loss on the lower limbs, followed by hyperpigmentation, skin hypertrophy, and nail thick-
ening, as detailed in Table 3. These prevalence rates align with published data [13,22,33].
Moreover, our findings are consistent with previous observations reporting associations
between diabetic skin manifestations and microvascular complications. Shemer et al. [8]
demonstrated that diabetic dermopathy was significantly associated with retinopathy,
nephropathy, and neuropathy, and that the prevalence of skin lesions increased as the
number of microvascular complications accumulated. Building upon these observations,
the present study explored whether multiple lower-limb cutaneous manifestations could
be integrated into a pragmatic clinical screening index. For the development of this clinical
tool, only the manifestations with statistically significant associations were included, with
tissue hypertrophy being excluded as it was a less relevant sign. The weighting strategy
was intentionally simplified to improve clinical applicability and reduce overfitting given
the small sample size.

A recent study by Özer et al. [34] further supports the potential value of clinically
assessed cutaneous findings as markers of diabetic complications. Using the Overall
Dry Skin (ODS) score, the authors demonstrated associations between the severity of
xerosis and diabetic retinopathy, nephropathy, and peripheral polyneuropathy. However,
the ODS score was specifically designed to quantify the severity of xerosis, whereas the
index proposed in the present study integrates multiple clinically observable cutaneous
manifestations that may reflect different aspects of diabetic microvascular involvement.
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Therefore, this study proposes a novel clinical screening index based on easily identifi-
able cutaneous manifestations associated with diabetic microangiopathy. The main finding
is that the index demonstrated strong discriminative ability in this exploratory cohort,
suggesting its potential utility as a simple bedside tool for risk stratification in patients
with DM The observed high diagnostic performance (AUC = 0.95; 95% CI: 0.88–1.00) indi-
cates that combinations of clinical skin findings may capture relevant patterns associated
with microvascular disease. This supports the concept that cutaneous alterations reflect
underlying chronic tissue hypoperfusion and microcirculatory dysfunction in DM.

Notably, although neither the correlation analysis nor the group comparison reached
statistical significance, a consistent directional trend was observed across analyses. Higher
clinical risk scores were associated with lower TcPO2 values and were more frequently
observed in patients classified within the high-risk group. This pattern, while not sta-
tistically confirmed in this sample, aligns with the expected physiological relationship
between increasing microangiopathic burden and reduced tissue perfusion. Although
these findings did not reach statistical significance, the observed trends may be consistent
with the biological rationale underlying the proposed screening index. However, these
observations require confirmation in larger cohorts.

These results are consistent with previous studies that have highlighted the value of
cutaneous findings as indirect markers of vascular damage. Demiseren et al. [35] demon-
strated that skin diseases in which microangiopathy plays a pathogenic role are significantly
associated with diabetic nephropathy, neuropathy, and retinopathy. Furthermore, they
may indicate the presence of microvascular complications associated with DM. In the
present study, we found similar prevalence rates for nephropathy and retinopathy, while
the prevalence of neuropathy was higher, possibly due to all data being collected in a spe-
cialized diabetic foot unit, where patients with more severe conditions are more frequently
encountered. Similarly, it has been observed that patients with poorer glycemic control are
at greater risk of developing cutaneous alterations [36,37]. Consistently, we found that the
patients included in this study had HbA1c levels above 7%, which may predispose them to
the development of dermopathies associated with poor metabolic control. However, in our
study, HbA1c was not significantly associated with either clinically established microan-
giopathy or the proposed cutaneous score in this exploratory cohort. This finding should
be interpreted cautiously given the limited sample size and warrants further evaluation in
larger studies.

Some of the limitations of this study include the small sample size and the potential
subjectivity in the assessment of certain physical signs. Additionally, clinical examination
and classification were not performed under blinded conditions. Future validation studies
should include independent blinded assessment of cutaneous manifestations to minimize
observer bias. Future research with larger samples and long-term follow-up could help to
validate the index as a predictive tool for complications associated with diabetes mellitus,
such as DFU. The proposed clinical index demonstrated a high discriminative ability in
this exploratory cohort; however, the absence of significant correlations with TcPO2 and
the limited sample size suggest that these findings should be interpreted as preliminary.
Such an approach may be particularly valuable in settings where access to complementary
investigations is limited. Another important limitation of this pilot study is that participants
were recruited from a specialized diabetic foot unit, resulting in a population with a
high prevalence of advanced diabetic complications. Consequently, the proposed clinical
screening index was developed in a high-risk cohort and requires external validation in
broader diabetic populations before routine clinical use.

Because the score was derived and evaluated within the same small pilot cohort,
its apparent discriminative performance may be optimistic. No internal resampling or
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external validation was performed, and the proposed weighting strategy was intentionally
pragmatic rather than regression-based to avoid unstable estimates in a limited sample.
Accordingly, the reported performance should be interpreted as preliminary and requires
confirmation in larger independent cohorts. Furthermore, calibration analyses were beyond
the scope of the present pilot study. Interobserver reliability was not evaluated because all
cutaneous examinations were performed by a single trained examiner. Future external vali-
dation studies should evaluate both discrimination and calibration in larger independent
populations and assess the reproducibility of the proposed index by examining agreement
between independent observers.

One of the strengths of the study is its methodological structure, through which
independent researchers collected and analyzed the data, lending credibility to the work.
The study was overseen by two independent researchers, who ensured the accuracy of the
research. Furthermore, all participants underwent a standardized clinical and vascular
assessment performed within a specialized diabetic foot unit.

The proposed index is intended as a simple bedside clinical screening aid based
on easily recognizable cutaneous manifestations that may increase clinical suspicion of
diabetic microvascular involvement and support decisions regarding further vascular,
neurological, ophthalmological, or nephrological evaluation. From a clinical perspective,
this index has the advantage of relying on simple and non-invasive variables that can be
assessed without specialized equipment, making it potentially useful in primary care or
resource-limited settings.

Future studies with larger, independent cohorts are required to externally validate
the score, refine its weighting system, and assess its predictive value for clinically relevant
outcomes such as diabetic foot ulceration or limb ischemia progression.

5. Conclusions
The proposed bedside clinical screening index showed promising discriminative

performance in this pilot study and may represent a simple, rapid, and cost-effective
tool based on readily observable cutaneous manifestations. Rather than serving as a
diagnostic instrument, the index may help raise clinical suspicion of diabetic microvascular
involvement and support the prioritization of patients for further vascular, neurological,
ophthalmological, and nephrological assessment, particularly in resource-limited settings.
Given the exploratory nature of this study, the proposed index should be considered
preliminary and requires external validation in larger, more diverse populations before
routine clinical implementation.
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