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Nailfold Capillaroscopy: A Non-invasive Tool for Early Detection of Microvascular
Alterations in Children with Type 1 Diabetes Mellitus
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Abstract
Background: Nailfold capillaroscopy (NC) is a non-invasive tool that can detect microvascular changes in the early stagegio
disease.

Objective: We aimed to assess capillary microarchitecture in children with type 1 diabetes mellitus (T1DM) and it;
characteristics, laboratory findings, and glycemic control.

Subjects and Methods: We included 55 children with TIDM (aged 6-18 years, diagnosed for at least one ye

calculated by taking the mean of the HbA 1c levels measured at three-month intervals during routine clind ents over the past year.
In patients using 24-hour continuous glucose monitoring (CGM) devices, glycemic data from the pre
capillaroscopic findings were evaluated by two different researchers with experience in the field of p ogy. Capillaroscopic
parameters were compared based on glycemic control (HbAlc >7.5% vs. <7.5%), disease duration (<
>70% vs. <70%), and glucose variability (CV <36% vs. >36%).

Results: The median age of patients with TIDM was 14.5 (11.3—17.2) years, with a medi gase duratio: 3.8 (2.3-6.7) years.

ent dilated, toxtuous, cross-linked, and

capillary density and disease duration (+=-0.3, p=0.02). After adjusting for ag abetes duration, capillary density
remained negatively correlated with average HbAlc (7= -0.4, p=0.004). A ), capillary density showed a positive
correlation with TIR (+=0.5, p=0.04), even after adjustment for confoun

even in the absence of microvascular complications.
Keywords: Diabetic vasculopathy, morbidity, hyperglycemi

Prof. Dr. Ayhan Abaci, Division of Pediatric Endocrinolo edicine, Dokuz Eylul University, Inciralti-Balcova Izmir, 35340,
Tirkiye
ayhan.abaci@deu.edu.tr
0000-0002-1812-0321
27.02.2025

06.05.2025

Epub: 03.06.2025

Introduction

Type 1 diabetes mellitus etabolic disease that affects the microvasculature. Chronic hyperglycemia causes various

molecular and biochemica iig to a chronic proinflammatory process that damages capillaries. These changes become evident

in the initial stages of vascu sease, before the development of diabetic macro- and microvascular complications (1,2). Although these
hildhood and adolescence, early vascular functional and structural deterioration may occur during this

itysof diabetes-related complications typically manifest later in life, the early detection of subclinical vascular

changes in chil rucial opportunity for timely intervention. Early identification and appropriate management may delay or even

prevent thepro. rovascular and cardiovascular complications, thereby reducing morbidity and mortality (3,4).

Various factors, such as genetics, gender, pubertal stage, duration of diabetes, glycemic control, and lifestyle, play a role in the development

of vascular complications. It is important to identify vascular disease in patients with diabetes before the onset of clinically evident

ifferent techniques are used to detect early microvascular damage, including Doppler flowmetry, ophthalmoscopy, and

blood pressure monitoring. (5,6). However, these methods have several limitations. For instance, while Doppler

real-time measurement of blood flow, it is limited in its ability to provide structural information about microvessels and

fected by movement artifacts, making it less reliable in clinical practice (7,8). Ophthalmoscopy, although effective for detecting

, is restricted to assessing retinal vessels and does not provide a comprehensive view of systemic microvascular health (9).

imilarly, 24-hour ambulatory blood pressure monitoring focuses on blood pressure fluctuations but does not directly assess microvascular

cture or function. This method can also be costly and impractical for repeated use due to patient compliance issues, and physical activity

throughout the day can affect the accuracy of readings (10).

In contrast to the aforementioned techniques, nailfold capillaroscopy (NC) is a non-invasive, simple, cost-effective, and reproducible

imaging technique that assesses both quantitative and qualitative characteristics of nailfold microvasculature. It allows for the direct

visualization of capillary structure, making it a valuable tool for detecting subtle microvascular changes. In recent years, NC has gained

importance for diseases that affect vascular structure and function, such as diabetes, in addition to connective tissue diseases (11).

In the literature, few studies assess the effectiveness of the NC method in detecting early vascular disease in children and adolescents with

T1DM (5,6,12,13). Additionally, to the best of our knowledge, there is no data available on the utilization of this technique in clinical

practice for patients using a 24-hour continuous glucose monitoring system (CGM). Therefore, the objective of this study is to examine the

presence of nailfold capillary abnormalities in children with T1DM by comparing them to age- and sex-matched healthy controls.

Subjects and Methods

Patients




This cross-sectional, single-center study involved 55 patients aged 6—18 years diagnosed with T1DM and followed up in our outpatient clinic
for at least a year, along with 55 healthy individuals of similar age and sex who were referred to the pediatric endocrinology clinic for
various reasons. Diagnosis of TIDM was made according to the criteria of the International Society of Pediatric and Adolescent Diabetes
(14). Children with other types of diabetes, such as type 2 diabetes, maturity-onset diabetes of youth, and secondary diabetes, as well as
patients with connective tissue disease or autoimmune diseases, those with traumatic lesions in the periungual fold of the finger, recent
infections, or those using medications known to affect microcirculation (e.g., vasodilators, antihypertensive drugs), were excluded from the
study. Informed consent was obtained from each patient or their legal guardians.

Clinical Evaluation

A thorough analysis of medical records was conducted retrospectively to collect information such as the anthropometric measurements,
physical examinations, duration of diabetes, insulin therapy, use of insulin pumps and CGM devices, as well as the history of diabetes-related
complications such as retinopathy, neuropathy, or nephropathy.

We used a Harpenden stadiometer capable of measuring height with an accuracy of 0.1 cm. Body weight was measured in underwear
shoes using an electronic scale (SECA, Hamburg, Germany) to the nearest 0.1 kg. The standard deviation (SD) scores for height, weig
body mass index (BMI) were calculated using an online tool (Child Metrics), according to the Turkish standards established by Neyz
(15).

Laboratory tests consisted of the most recent measurements of glycated hemoglobin (HbAlc), and fasting lipid profile, whig
triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholg
well as urinary albumin creatinine ratio measured from an early morning fasting urine sample. Additionally, the annual m¢
calculated, and glycemic control was defined based on the mean HbAlc levels. Patients with HbAlc <7.5% were comsidero 2
glycemic control, while those with HbAlc >7.5% were classified as having poor glycemic control. Furthermore, 498 ith were
divided into subgroups according to disease duration (>5 years vs. <5 years) when assessing microvascular al
In diabetic patients using CGM devices, the glucose data for the last 3 months were obtained. Time in range (
percentage of readings and time per day within the target glucose range of 70 to 180 mg/dL. Achieving gntag
in the target glucose range was accepted as indicating good glycemic control. Glycemic variability (ce®f] ‘ ion, CV) was defined
as the percentage fluctuation in blood glucose. The glucose profile was considered stable when CV 9 6%.

CGM into subgroups based on TIR (> 70% vs. <70%) and CV (< 36% vs. > 36%) (16).
Capillaroscopic Evaluation

All patients underwent a comprehensive assessment by two different researchers experiene e field of pediatric rheumatology. The
researchers were blinded to the participants' group status (patients with T1DM or health o minimize potential bias and ensure
objectivity in the evaluations. Each image was independently evaluated by both obse cfined criteria. In cases of disagreement,
the images were re-examined and discussed collaboratively until a consensus wa, of the two observers' measurements

evaluation of the capillaroscopic findings.
To standardize evaluations, capillaroscopy was performed under controlléd condi X
temperature. Fingers affected by recent local trauma were excluded from the analysis. I
the Dino-Lite CapillaryScope 200 Pro/MEDLA4N Pro, a validated di
1.5.49.B software. For optimal visualization, a drop of immersion0il wa lied to the nail bed to improve image resolution. Each
examination involved the assessment of eight fingers, excludi thumbs; Wi

finger. )

The capillaroscopic examination consisted of both quantitative and qualitative analyses. A quantitative assessment was performed on images
obtained from a 1 mm length area in the distal row of capillaries. This analysis aimed to evaluate several parameters, including capillary
density, width, and length, intercapillary distance, capillary morphology, and the presence of microhemorrhages and avascular areas. The
qualitative analysis included general pattern recognition, where the images were classified as either showing a scleroderma pattern or a non-
scleroderma pattern, which could be normal or exhibiting non-specific abnormalities.

“Capillary density” refers to the number of capillaries, and <7 capillaries per mm indicates a decrease in capillary number. A capillary
diameter (arterial, venous, or apical) <20 pm was considered normal; an increase from 20 pwm to 50 um was classified as an enlarged
capillary; and a diameter >50 um was classified as a giant capillary. Giant capillaries have been described as potentially indicative of an
underlying scleroderma spectrum disorder. An intercapillary distance of more than 500 pm in the distal row of capillaries was considered an
“avascular area.” Microbleeding around the capillary appears in dark masses adjacent to the distal row, called "micro-hemorrhages."
Capillaries exhibiting a hairpin shape or a "tortuous" shape in which the afferent and efferent limbs bend but do not intersect, as well as a
shape that is "cross-linked" once or twice, were defined as normal capillary morphology. All other shapes were defined as having "abnormal”
morphology (Figure 1). i
For each child, 1

a from 8 fingers were analyzed for the presence or absence of capillaroscopic parameters, including

e presence of enlarged or giant capillaries, cross-linked capillaries, tortuosity, abnormal morphology, avascular
area, and microliemorrhagesfn both groups, capillary abnormalities were defined as the presence of signs in at least two fingers. In addition,
idth, and distance between capillaries in each image were measured and calculated as the mean. The classification
criteria developed by the European League Against Rheumatism (EULAR) in 2020 for the standardization of NC in the evaluation of
patients with Raynaud's phenomenon and systemic sclerosis were used for qualitative assessment (17).

thi

is s was approved by the local Ethics Committee (Approval number: 2023/41-02) and performed in line with the principles of the

atl elsinki.

| Analysis

nalyses were performed using the SPSS application for Windows version 24.0 (IBM Co., Armonk, NY, USA). The data were
sted for normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Descriptive statistics for categorical variables were presented as
mber (%), while continuous variables were reported as a mean =+ standard deviation for normally distributed data and as medians with the
respective 25-75" percentile values for non-normally distributed data. Comparisons between categorical variables were conducted using the
Pearson Chi-Square test or Fisher's Exact test, as appropriate. The Student’s t-test was used to compare normally distributed continuous
variables between the TIDM and control groups. The Pearson correlation test was used to assess correlations between capillary density and
continuous variables. Then, any correlation was investigated among the identified significant variables after adjusting for age, gender, and
BMI. Multivariate linear regression analysis was performed to examine the association between capillary density and potential confounding
factors, including age, gender, BMI, duration of T1DM, insulin dose, average HbAlc, LDL-C, and triglyceride levels as independent
variables, with capillary density as the dependent variable. A two-sided p-value of <0.05 was regarded as statistically significant.

Effect Size and Power Analysis

The effect size in this study was calculated based on capillary density, a key parameter in assessing microcirculation. It was determined by
calculating the standardized difference between the two means, divided by the standard deviation for the two independent groups (18). The
analysis revealed a large effect size (Cohen’s d = 1.6), indicating a significant difference in capillary density between the T1DM group and




the control group. Additionally, a post-hoc power analysis was performed using G*Power (version 3.1.9.4). With 55 subjects in both the
T1DM and control groups, and an effect size of 1.6, the analysis demonstrated that the study achieved a statistical power of greater than 90%
at a significance level of a = 0.05.

Results

The baseline characteristics of study subjects

The study included 55 patients with TIDM, with a median age of 14.5 (11.3—17.2) years. We compared their data with those of 55 age-
matched healthy controls [13.0 (10.2—-16.0) years, p=0.2]. The female/male ratio in the control group was 28/27, while it was 24/31 in the
diabetes group, demonstrating similar ratios (p=0.5). Additionally, the pubertal stage, height, weight, and BMI standard deviation scores
were similar between the two groups (p=0.5, p=0.8, p=0.4, and p=0.3, respectively). The clinical and laboratory characteristics of the
subjects with T1DM are listed in Table 1.

Nailfold capillaroscopy

Table 2 presents the comparison of capillaroscopic parameters between the two groups. Patients with T1DM exhibited a significantly lo
capillary density than healthy individuals (»p<0.001). Additionally, TIDM patients had significantly increased arterial, venous, and apij
diameters compared to healthy individuals (p<0.001). Furthermore, in the T1DM group, there were more dilated, tortuous, cross-linked,
abnormally morphological capillaries (p<0.001, p<0.001, p=0.01, and p=0.03, respectively). Moreover, non-specific abnormalities wer
more common in this group (p<0.001).

Capillaroscopic parameters were found to be similar in both male and female patients with diabetes. When the patients w
age (under 12 and over 12), no significant differences were observed in qualitative and quantitative capillaroscopic featur

poor glycemic control (HbAlc > 7.5 %) exhibited significantly lower capillary density compared to tho
(HbAlc <7.5 %) (p<0.001). Capillary density was found to be negatively correlated with the averageddb . <O 001) (Figure 2).
d and average HbA 1c persisted
ous diameters (p=0.02).

After adjusting for age, gender, BMI, and diabetes duration, the negative correlation between capill
(r=-0.4, p=0.004). Additionally, the group with poor glycemic control demonstrated significantly grea
However, all other quantitative parameters, including arterial and intercapillary diameters, as well as abnormal capillary morphology, were
similar between the two groups (p=0.1, p=0.2, and p=0.7, respectively). Individuals with p ontrol showd@increased frequencies of
dilated, tortuous, and cross-linked capillaries (p=0.03, p=0.002, and p=0.002, respecti er, non-specific abnormalities were more
frequently found in this group (p=0.01).
Among patients with diabetes, those with a TIDM duration >5 years exhibited a apillary density than those with a
T1DM duration <5 years (p=0.02). Capillary density showed a negative corre e on of TIDM (1= -0.3, p=0.02) (Figure 2).
However, after adjustment for age, gender, and BMI, the relationship betw i and disease duration became non-significant
(»=0.08). Nevertheless patients w1th a longer duration of TlDM dlspla i i

analysis revealed that only average HbAlc levels were significan d with capillary density (B-coefficient =-0.358, p =0.03),
indicating that higher HbAlc levels correlate with reduced ¢; i i i

explained 29.1% of the variance in capillary density (12 = 0291, p = 0082), suggesting that glycemic control plays a key role in influencing
capillary density.

Among the subjects with T1DM, 22 (40%) used
disease duration of 3.1 (1.7-5.7) years. Withi
showed a CV of > 36%. The capillaroscopic ¢
those with < 70%. Likewise, these findi 5

-0.4, p=0.09, respectively). Si
diameters (7= 0.02, p= 0.9;
Discussion

ated that children and adolescents with TIDM exhibited significant microvascular changes, even in the
absence of diabetegerelat ctoyascular complications. In particular, these abnormal microvascular alterations were associated with poor
iabetes duration. The results of our study are in line with previously reported effects of diabetes on capillary
adult and pediatric populations (5,6,13,19). Additionally, our study was the first to assess the utility of NC in
e correlation between capillary density and TIR, suggesting that patients with better TIR had a better

s (72.7%) exhibited a TIR of < 70%, while 12 individuals (54.5%)
ot show a significant difference between patients with a TIR of > 70% and
patients with a CV of <36% and those with > 36% (data not shown). On the

, indicating that diabetic children with better TIR had higher capillary density.

TIR and apical, arterial, or venous diameters (7= -0.4, p= 0.07; r=-0.3, p=0.2; and 1=
ignificant correlation was present between CV and capillary density, apical, arterial, or venous
0.08, p=0.7; and r=-0.07, p= 0.7, respectively).

structure and

CGM us d

mlcrfﬁ‘ struc

In thgireview of the literature, few studies have focused on capillaroscopy changes in children with TIDM. Although a typical diabetic
pattern has not yet been identified, these studies have reported characteristic morphological capillaroscopic features in diabetic patients,
including reduced capillary density, increased capillary diameter, tortuous and cross-linked capillaries, microhemorrhagic areas, and
avascular zones (5,6,11-13,20). For instance, in a study involving children and adolescents with TIDM, Hosking et al. identified

orrhages and avascular zones as the most frequent microvascular alterations, with patients who had microvascular complications
more avascular areas on NC (5). Similarly, Bogusz-Gorna et al. reported that the most common lesions among juveniles with
1DM were enlarged, tortuous, bushy, elongated vessels, and hemorrhages (6). Another study found that diabetic adolescents had a higher
alence of tortuous, cross-linked, and giant capillaries, as well as avascular areas, compared to healthy controls (13). Furthermore, in a
study investigating the relationship between microangiopathic lesions in retinal vessels and capillary alterations in adults with TIDM and
T2DM, Barchetta et al. observed that patients with T1DM exhibited more capillaroscopic abnormalities, including reduced capillary density,
than those with T2DM. They also noted these changes in nearly 50% of patients with diabetes without retinopathy, indicating early capillary
abnormalities (19).

Our study confirmed previous literature findings that children with TI1DM had significantly lower capillary density, increased capillary
diameters, and a higher prevalence of dilated, tortuous, cross-linked, and abnormal morphological capillaries compared to healthy
individuals. However, microhemorrhagic and avascular areas were not observed. These findings might suggest that alterations in the
peripheral microvasculature are associated with end-organ damage in diabetes, even without any microvascular complications. However, it is
worth noting that while capillary density is a crucial parameter of microcirculation, indicating disease severity, capillaroscopic variations
such as tortuous or cross-linked capillaries can occur in healthy individuals without accompanying damage or symptoms (17,21-24).




The development of diabetes-related complications is associated with various risk factors, including puberty, elevated HbAlc levels, high
glycemic variability, and longer disease duration (3,25,26). Some studies have shown that adolescent girls have a higher incidence of
microvascular complications compared to boys (27-29). It has been reported that the duration of diabetes before puberty has less influence
on complications (30). However, several studies have suggested that individuals who develop diabetes during puberty are at a higher risk of
vascular complications compared to those who develop diabetes after puberty (28,31,32). Consistent with previous studies, female patients
had a higher frequency of abnormal morphological parameters than male patients in a study evaluating microvascular alterations in diabetic
patients (33). Similarly, Kaminska-Winciorek et al. found that an increased number of vessels, indicating possible neoangiogenesis, occurred
more frequently in female juveniles with diabetes (12). In contrast to the studies mentioned, the current study found similar structural
changes in both male and female patients. Additionally, there were no significant differences observed, except for larger capillary diameters
in the pubertal TIDM group compared to the prepubertal group.

Chronic hyperglycemia, along with the accumulation of advanced glycation end products, oxidative stress, and inflammatory cytokines,
leads to dysregulation in vascular tone, hemostasis, and intercellular communication, resulting in vascular endothelial damage (34). This
endothelial dysfunction, characterized by a pro-inflammatory and pro-thrombotic state, plays a crucial role in the development of
microangiopathy (2,35,36). These mechanisms can explain the capillaroscopic alterations seen in diabetic patients, even before the
mamfestatlon of overt vascular comphcatlons Several studies evaluatmg the relatlonshlp between capillaroscopy findings, dlab tes d

disease duration was longer in patients with severe capillaroscopic changes compared to those with mild@ffederate

abnormalities (34). On the other hand, Bogusz-Goérna found no significant relationship between the presence of capillaroscopic changes and
the duration of diabetes or metabolic control (6). v
The current study demonstrated that patients with poor glycemic control had significantly lower capill sity and more dilated
capillaries. Additionally, patients with a longer disease duration exhibited significantly reduced capillary ity. We also found a negative
correlation between capillary density and both average HbAlc levels and disease durationg While there was a positive correlation between
capillary density and TIR, the capillaroscopic characteristics were found to be similar between CGM users with a TIR of > 70% and those
with < 70%. Similarly, there was no significant difference in capillaroscopic findings between patients with a CV of < 36% and those with >
36%. This observation may be attributed to the small sample size of patients evaluated.

Several studies in the literature have demonstrated a close association between capillaroscopic alterations and diabetes-related complications,
such as retinopathy, nephropathy, and neuropathy, in both TIDM and T2DM patients (5,35,37-39). In one of these studies, Hosking et al.
reported a higher frequency of avascular areas in TIDM patients with microvascular complications (5). Similarly, Chang et al. identified a
correlation between diabetic retinopathy and the presence of tortuous, ramified, and dilated capillaries, with these alterations increasing as
retinopathy progressed (40). Abdelmaksoud et al. found that diabetic nephropathy and neuropathy were independently associated with NC
changes, with more significant capillary abnormalities observed in patients with vascular complications compared to those without (13).
Additionally, Kuryliszyn et al. showed abnormal capillaroscopic findings in 81% of adults with diabetes, noting that more severe changes
were present in over half of those diagnosed with microvascular complications (34).

In our study, only three patients exhibited microvascular two with albuminuria and one with neuropathy. These patients
displayed reduced capillary density and abnormal capilla However, due to the limited number of patients with complications,
a detailed comparison could not be perfomedlp}that m acrovascular complications are rare in the pediatric population, our
findings emphasize the need for long-term follgfv-up stuftes. Although most patients did not present with overt complications, the observed
capillaroscopic changes, particularly decreased capillary density and abnormal morphology, are suggestive of early subclinical endothelial
dysfunction. Considering the progression of diabetic microangiopathy from silent structural alterations to clinically manifest disease, these
findings could hold prognostic significance. Identifying microvascular alterations at an early stage may provide a valuable opportunity for
timely interventions that could delay or prevent the development of long-term complications such as retinopathy, nephropathy, and
neuropathy.

NC has the potential to be i
of use, repeatability, low ce

screening for microvasculal plications such as retinopathy, nephropathy, and peripheral neuropathy in children with TIDM starting at

puberty, or age 1 p 5 years of diabetes duration (3). Within this framework, NC could be integrated into annual routine
follow-up visit tool, especially in patients with poor glycemic control or longer disease duration. Longitudinal studies
are necessary ta e the predictive value of early capillaroscopic changes in T1DM patients. However, for NC to be widely
adopted N andardized protocols, appropriate clinician training, and further research are required to validate its diagnostic

s several limitations. First, it was conducted on a relatively small group of diabetic patients and CGM users, which may
ility of the findings. Future studies with larger sample sizes for both groups could provide more definitive results.
s-sectional study, it did not allow for the assessment of the progression of microvascular changes over time. Prospective
inal studies are necessary to explore how early capillaroscopic changes relate to long-term clinical outcomes in T1DM patients.
-rater reliability metrics such as the intraclass correlation coefficient could not be calculated because individual scoring data from
ach observer were unavailable; only the averaged values were used in the final dataset. Finally, although factors such as age and pubertal
status were considered in subgroup and adjusted analyses, larger datasets are needed to more accurately assess their impact on microvascular
structure. In addition, the type of insulin therapy was not evaluated, which may represent another potential confounding factor. Future studies
should explore treatment modalities more comprehensively to determine their independent effects on microvascular health.

Conclusion

In conclusion, our capillaroscopic findings in patients with TIDM suggest that microvascular structural and functional abnormalities,
primarily associated with poor glycemic control, can develop during childhood and adolescence, even in the absence of clinically evident
vascular disease. This highlights the importance of early diagnosis and monitoring of microvascular health in pediatric populations with
diabetes. NC can provide valuable data for detecting vascular damage before diabetes progresses and complications arise. Future prospective
longitudinal studies with larger sample sizes are needed to determine the role of this method and to better characterize diabetes-related
microvascular features in patients with TIDM.

Author contributions: GAK, TA, and AA made substantial contributions to the conception and design of the work; GAK, TA, KYA, Ri,
and ZKK to the data acquisition; KD, EB, SEU, and AA to the analysis; and KD, EB, SEU, and AA to the interpretation. GAK, TA, KD,




SEU, and AA helped in drafting the article, and KD and AA provided a critical revision of the manuscript. All authors gave their final
approval of the version to be published and agreed to the accuracy or integrity of any part of the work.

Funding: No funds, grants, or other support were received.

Declarations

Conflict of interest: The authors have no conflicts of interest to declare.

Ethical statement: This research complies with the guidelines for human studies and is conducted ethically in accordance with the World
Medical Association Declaration of Helsinki.

Study approval statement: Institutional approval was granted by the Ethics Committee of Dokuz Eyliil University Faculty of Medicine
(Ethics approval number: 2023/41-02).

Informed consent: Both patients and parents were required to sign the informed consent form to participate in the study.

References

1. Paul S, Ali A, Katare R. Molecular complexities underlying the vascular complications of diabetes mellitus — A comprehensi
review. J Diabetes Complications. 2020;34(8):107613.
2. Shestakova MV, Jarek-Martynowa IR, Ivanishina NS, Kuharenko SS, Yadrihinskaya MN, Aleksandrov AA, Dedov II. Role of

endothelial dysfunction in the development of cardiorenal syndrome in patients with type 1 diabetes mellitus. Diabetes Res Clin Pract.
2005;68 Suppll:S65-72.

3. Bjornstad P, Dart A, Donaghue KC, Dost A, Feldman EL, Tan GS, Wadwa RP, Zabeen B, Marcovecchio ML. ISPAD Clinical
Practice Consensus Guidelines 2022: Microvascular and macrovascular complications in children and adolescents with diabetes. Pediat;
Diabetes. 2022;23(8):1432-1450. Py

4, Katsarou A, Gudbjornsdottir S, Rawshani A, Dabelea D, Bonifacio E, Anderson BJ, Jacobsen LM, Schatz DA, Lernmark A. Type
1 diabetes mellitus. Nat Rev Dis Primers. 2017;3:17016. y

5. Hosking SP, Bhatia R, Crock PA, Wright I, Squance ML, Reeves G. Non-invasive detection of microvascular changes in a paediatric
and adolescent population with type 1 diabetes: a pilot cross-sectional study. BMC Endocr Disord. 2013;13:41 .6‘

6. Bogusz-Goérna K, Polanska A, Daniczak-Pazdrowska A, Zaba R, Sumifiska M, Fichna P, Kedzia A. Non-invasive detection of early
microvascular changes in juveniles with type 1 diabetes. Cardiovasc Diabetol. 2023;22(1):285. ‘ v

7. Sorelli M, Francia P, Bocchi L, De Bellis A, Anichini R. Assessment of cutaneous microcirculation by laser Doppler flowmetry in
type 1 diabetes. Microvasc Res. 2019;124:91-96.

8. Zharkikh E, Dremin V, Zherebtsov E, Dunaev A, Meglinski I. Biophotonics methods for functional monitoring of complications
of diabetes mellitus. J Biophotonics. 2020;13(10):¢202000203.

9. Goh JK, Cheung CY, Sim SS, Tan PC, Tan GS, Wong TY. Retinal Imaging Techniques for Diabetic Retinopathy Screening. J
Diabetes Sci Technol. 2016;10(2):282-94 o

10. Parati G, Bilo G. Should 24-h ambulatory blood pressure monitoring be done in every patient with diabetes? Diabetes Care.
2009;32 Suppl 2:5298-304. ep

11. Gallucci F, Russo R, Buono R, Acampora R, Madrid E, Uo results of videocapillaroscopy in clinical
practice. Adv Med Sci. 2008;53(2):149-57.

12. Kaminska-Winciorek G, Deja G, Polanska J, Jarosz-C i ic\mi€roangiopathy in capillaroscopic examination of

juveniles with diabetes type 1. Postepy Hig Med Dosw. 2012;66: .

13. Abdelmaksoud AA, Daifallah SM, Salah NY, Saw. Nail fo icroangiopathy in adolescents with type 1 diabetes: Relation
to diabetic vascular complications. Microcirculation. 202 (6-7):1-8.

14. Libman I, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY, Jefferies CA, Oram RA, Dabelea D, Craig ME. ISPAD Clinical

Practice Consensus Guidelines 2022: Definition, epidemiology, and classification of diabetes in children and adolescents. Pediatr Diabetes.
2022;23(8):1160-1174. 15. b

15.  Neyzi O, Bundak R, Goke¢ay G, Giinoz H, Furman A, Darendeliler F, Bas F. Reference Values for Weight, Height, Head
Circumference, and Body Mass Index in Turkish Children. J Clin Res Pediatr Endocrinol. 2015;7(4):280-93.

16. Battelino T, Alexander CM, Amiel SA, Arreaza-Rubin G, Beck RW, Bergenstal RM, Buckingham BA, Carroll J, Ceriello A,
Chow E, Choudhary P, Close K, Danne T, Dutta S, Gabbay R, Garg S, Heverly J, Hirsch IB, Kader T, Kenney J, Kovatchev B, Laffel L,
Maahs D, Mathieu C, Mauricio D, Nimri R, Nishimura R, Scharf M, Del Prato S, Renard E, Rosenstock J, Saboo B, Ueki K, Umpierrez GE,
Weinzimer SA, Phillip M. Continuous glucose monitoring and metrics for clinical trials: an international consensus statement. Lancet
Diabetes Endocrinol. 2023;11(1):42-57. .

17. Smith V, Herrick AL, Ingegnoli F, Damjanov N, De Angelis R, Denton CP, Distler O, Espejo K, Foeldvari I, Frech T, Garro B,
Gutierrez M, Gyger G, Hachulla E, Hesselstrand R, Iagnocco A, Kayser C, Melsens K, Miiller-Ladner U, Paolino S, Pizzorni C, Radic M,
Riccieri V, Snow M, Stevens W, Sulli A, van Laar JM, Vonk MC, Vanhaecke A, Cutolo M; EULAR Study Group on Microcirculation in
Rheumatic Diseases and the Scleroderma Clinical Trials Consortium Group on Capillaroscopy. Standardisation of nailfold capillaroscopy for
the assessment of patients with Raynaud's phenomenon and systemic sclerosis. Autoimmun Rev. 2020;19(3):102458.

18. Sullin GM, Fei‘ R. Using Effect Size—or Why the P Value Is Not Enough . J Grad Med Educ. 2012;4(3):279-82.

19. _aBarchetta [, Riccieri V, Vasile M, Stefanantoni K, Comberiati P, Taverniti L, Cavallo MG. High prevalence of capillary
abnormalities in patients with diabetes and association with retinopathy. Diabet Med. 2011;28(9):1039-44.

20. ' Meyer MF, Pfohl M, Schatz H. Nachweis diabetischer Mikrozirkulationsverdanderungen mittels Kapillaroskopie und Laser-
Doppler-Anemometrie [Assessment of diabetic alterations of microcirculation by means of capillaroscopy and laser-Doppler anemometry].

Med Klin IMunich). 2001;96(2):71-7.

: nado G, Paredes C, Roberto G, Rios C. Nailfold Capillaroscopy a Non-Invasive Tool for Direct Observation of
i cular Damage in Diabetes Mellitus: Review. JSM Atheroscler. 2017;2(4): 1037. 22.
s Acosta CR, Maldonado Vélez GC, Ferro Gutiérrez CA, Rios Moreno K. Rev Arg Reumatol. 2016;27(1):27-31.
Hoerth C, Kundi M, Katzenschlager R, Hirschl M. Qualitative and quantitative assessment of nailfold capillaries by
illaroscopy in healthy volunteers. Vasa. 2012;41(1):19-26.

24, Dundar HA, Adrovic A, Demir S, Demir F, Cakmak F, Ayaz NA, Sozeri B, Bilginer Y, Kasapgopur O, Unsal E. Description of
the Characteristics of the Nailfold Capillary Structure in Healthy Children: A Multi-Centric Study. Rheumatology (Oxford). 2024 May 22:k.
25. Er E, Ata A, Evin F, Altmok YA, Demir G, Ozen S, Darcan S, Géksen D. Glycated hemoglobin variability and microvascular
complications in patients with type 1 diabetes mellitus. J Pediatr Endocrinol Metab. 2020;33(12):1533-1537.

26. Huang L, Pan Y, Zhou K, Liu H, Zhong S. Correlation Between Glycemic Variability and Diabetic Complications: A Narrative
Review. Int J Gen Med. 2023;:3083-94.

27. Benitez-Aguirre P, Craig ME, Cass HG, Sugden CJ, Jenkins AJ, Wang JJ, Cusumano J, Hodgson LA, Lee K, Wong TY,

Donaghue KC. Sex differences in retinal microvasculature through puberty in type 1 diabetes: are girls at greater risk of diabetic
microvascular complications? Invest Ophthalmol Vis Sci. 2014;56(1):571-7.

28. Amin R, Widmer B, Prevost AT, Schwarze P, Cooper J, Edge J, Marcovecchio L, Neil A, Dalton RN, Dunger DB. Risk of
microalbuminuria and progression to macroalbuminuria in a cohort with childhood onset type 1 diabetes: prospective observational study.



BMI. 2008;336(7646):697-701.

29. Vurall1 D, Jalilova L, Alikasifoglu A, Ozén ZA, Gong EN, Kandemir N. Cardiovascular Risk Factors in Adolescents with Type 1
Diabetes: Prevalence and Gender Differences. J Clin Res Pediatr Endocrinol. 2024;16(1):11-20.

30. Donaghue KC, Fairchild JM, Craig ME, Chan AK, Hing S, Cutler LR, Howard NJ, Silink M. Do all prepubertal years of diabetes
duration contribute equally to diabetes complications? Diabetes Care. 2003;26(4):1224-9.

31. Cho YH, Craig ME, Donaghue KC. Puberty as an accelerator for diabetes complications. Pediatr Diabetes. 2014;15(1):18-26.
32. Donaghue KC, Craig ME, Chan AK, Fairchild JM, Cusumano JM, Verge CF, Crock PA, Hing SJ, Howard NJ, Silink M.
Prevalence of diabetes complications 6 years after diagnosis in an incident cohort of childhood diabetes. Diabet Med. 2005;22(6):711-8.

33. Rajaei A, Dehghan P, Farahani Z. Nailfold Capillaroscopy Findings in Diabetic Patients (A Pilot Cross-Sectional Study). Open J
Pathol. 2015;5:65-72.

34. Kuryliszyn-Moskal A, Dubicki A, Zarzycki W, Zonnenberg A, Gorska M. Microvascular abnormalities in capillaroscopy

correlate with higher serum IL-18 and sE-selectin levels in patients with type 1 diabetes complicated by microangiopathy. Folia Histoc]
Cytobiol. 2011;49(1):104-10.

35. Yilmaz U, Ayan A, Uyar S, Inci A, Ozer H, Yilmaz FT, Demirtas G, Kok M, Tokuc A. Capillaroscopic appearance of nailfold
vasculature of diabetic nephropathy patients. Arch Endocrinol Metab. 2022;66(3):295-302. o

36. Maldonado G, Guerrero R, Paredes C, Rios C. Nailfold capillaroscopy in diabetes mellitus. Microvasc Res. 2017;112:41-46.

37. Hsu PC, Liao PY, Chang HH, Chiang JY, Huang YC, Lo LC. Nailfold capillary abnormalities are associated type 2 ctes
progression and correlated with peripheral neuropathy. Med (United States). 2016;95(52).

38. Lisco G, Triggiani V. Computerized nailfold video-capillaroscopy in type 2 diabetes: A cross-sectional stady orih02 outpatients. J
Diabetes. 2023;15(10):890-9.

39. Bakirci Ureyen S. The Evaluation of Nailfold Videocapillaroscopy findings in Type 2 Diabetic Pati @ and without Diabetic
Retinopathy. North Clin Istanbul. 2018;6(2):146-50.

40. Chang CH, Tsai RK, Wu WC, Kuo SL, Yu HS. Use of dynamic capillaroscopy for studying u rocirculation in

patients with diabetes mellitus. Microvasc Res. 1997;53(2):121-7.

O
%
&



Table 1. The clinical and laboratory characteristics of the patients (#=55).

Age, years

14.5(11.3-17.2)

Female/Male, n (%)

24 (43.6 %) / 31 (56.4 %)

Pubertal, n (%)

43 (782 %)

Family history of TIDM, n (%) 11 (20 %)
The presence of DKA 22 (40 %)
Duration of T1DM, years 3.8(23-6.7)
The presence of autoantibodies, n (%) 40 (72.7 %)
Height, SD score 03+1.1
Weight, SD score 04+13
BMI, SD score 02+1.2
Insulin dose, Unit/Kg/Day 0.8+0.2
Treatment with pump, n (%) 6 (10.9 %)
The use of CGM, n (%) 22 (40 %)
TIR, % 543+223
CV, % 37.1£6.5

Recent HbAlc, %

Average HbAlc, %

TC, mg/dL

HDL-C, mg/dL

LDL-C, mg/dL

TG, mg/dL

Dyslipidemia, n (%)

76.0 (64.0 — 104.0)

5(9.1%)

Autoimmune thyroiditis, n (%)

2(3.6 %)

Celiac disease, n (%)

413 %)

102 (7.5-15.4)

0(0%)

2(3.6 %)

1(1.8 %)

iations: TIDM, type | diabetes mellitus; DKA, diabetic ketoacidosis; SD score, standard deviation score; BMI, body mass index;
Ncontinuous glucose monitoring; TIR, time in range; CV, glycemic variability; HbAlc, glycated hemoglobin; TC, Total cholesterol;
-Cvsity lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.

e values: Total cholesterol, 111-202 mg/dL; HDL, 31-68 mg/dL; LDL, 45.6- 131 mg/dL; TG, 38-143 mg/dL.




Table 2. Comparative analysis of nailfold capillaroscopy findin

s between patients with TIDM and the control group.

NC parameters

Patients with TIDM (n=55)

Healthy controls
(n=55)

48 (87.3 %)

13 (23.6 %)

Quantitative
Capillary density, capillary/mm 6.5+0.5 <0.001°
Reduced capillary density (<7/mm), n (%) 45 (81.8 %) <0.001°
Capillary length, um 507.5+75.1 <0.001°
Arterial diameters, um 123+ 1.8 <0.001°
Venous diameters, um 16.0+2.5 <0.001*
Apical diameters, um 16.7+29 145+2.0 <0.001°
Intercapillary diameters, um 194.6 + 178.2+16.1 <0.001°
Presence of dilated capillaries, n (%) %) 0 (0 %) <0.001°
Giant capillaries, n (%) (0 %) 0 (0 %) -
Tortuosity, n (%) .4 %) 24 (43.6 %) <0.001°
Cross-linked capillaries, n (%) 22 (40 %) 10 (18.2 %) 0.01°
Abnormal capillary morphology, n 7 (12.7 %) 0 (0 %) 0.03°

0 (0 %) 0(0%) -

0 (0 %) 0(0 %) -

7 (12.7 %) 42 (76.4 %)

<0.001°

Data were presented as mean + standard deviation for normal distribution. * Student’s T-test, ® Pearson chi-square test, p<0.05.
breviations: TIDM, type 1 diabetes mellitus; NC, nailfold capillaroscopy.



Table 3. Comparative analysis of nailfold capillaroscopy findings based on HbAlc levels in patients with TIDM.
Data were presented as mean + standard deviation for normal distribution. * Student’s T-test, ® Pearson chi-square test, p<0.05.

NC parameters Patients with HbAlc | Patients with HbAlc | p Duration of TIDM < 5 years | Duration of TIDM >5 years p
<7.5 (n=21) >7.5 (n=34) (n=33) (n=22)

Quantitative
Capillary density, capillary/mm 6.7+0.4 6.4+0.5 0.01° 6.7+0.4 6.4+0.5 02°
Capillary length, um 489.4+85.0 518.6+67.2 022 497.1+73.9 523.1+75.9 022
Arterial diameters, um 119+1.7 126+19 0.1?2 123+1.7 124 +2.1 0.82
Venous diameters, um 15.0+2.4 16.6 £2.4 0.02*¢ 156+22 16. 0.1*
Apical diameters, um 15.6+£2.6 174+£29 0.02*° 16.8 £2.9 0.7%
Intercapillary diameters, um 189.9+£23.2 197.6 £ 20.1 0.2* 194.4+21.6 7 0.9*
Presence of dilated capillaries, n 6 (28.6 %) 20 (58.8 %) 0.03° 13 (39.4 %) (59.1 %) 0.2°
(%)
Giant capillaries, n (%) 0 (0 %) 0 (0 %) - 0 (0 %) 0 (0 %) -
Tortuosity, n (%) 11 (52.4 %) 31 (91.2 %) 20 (90.9 %) 0.04°
Cross-linked capillaries, n (%) 3 (14.3 %) 19 (55.9 %) 10 (45.5 %) 0.5°
Abnormal capillary morphology, n 2 (9.5 %) 5(14.7 %) 5(22.7%) 0.1°
(%)
Presence of avascular areas, n (%) 0(0 %) 0(0 %) 0 (0 %) -
Presence of microhemorrhages, n 0 (0 %) 0 (0 %) 0 (0 %) -
(%)
Qualitative
Pattern, n (%)
Normal 7 (33.3 %) 7(21.2 %) 0 (0 %)

0.01° 0.03°
Nonspecific abnormalities 14 (66.7 %) 26 (78.8 %) 22 (100 %)

A
Abbreviations: TIDM, t @-’ es mell

; NC, nailfold capillaroscopy; HbAlc, glycated hemoglobin.




Table 4. Multivariate linear regression analysis (dependent variable: capillary density)

Variable B (95% CI) SRC(B) T 4
Age, years -0.014 (-0.057/0.030) -0.111 -0.620 0.5
Gender (Female/Male) -0.068 (-0.329/0.193) -0.071 -0.526

BM], kg/m? 0.011 (-0.031/0.052) 0.100 0.521

Duration of TIDM, years -0.015 (-0.063 / 0.032) -0.106 -0.65

Insulin dose, Unit/Kg/Day -0.418 (-1.014/0.179) -0.204 2
Average HbAlc, % -0.123 (-0.229 /-0.016) 0.03
LDL-C, mg/dL 0.001 (-0.005 / 0.006) 0.8
TG, mg/dL -0.001 (-0.003 / 0.002) 0.6

Abbreviations: TIDM, type 1 diabetes mellitus; BMI, body mass index; HbAlc, glycated hemoglobr
cholesterol; TG, triglyceride; B, coefficient of regression; SRC, standardized regression coefficient (1> =0
1,887).

-C, low-density lipoprotein
01, p= 0.032, Durbin Watson =

Figure 1. Examples of ca 1@ pyatindings in the analyzed groups of healthy controls (A and B) and a patient with TIDM (C). A)
Capillaries with a normal ' ¢;'B) capillaries that display crossing (1) and tortuosity (2) patterns are considered not indicative of
any pathologicam bnormal morphology and enlarged capillary with an increase in capillary diameter (20-50 pm).




Figure 2. The correlation between capillary density and (a) average HbAlc (1= -0.5, p<0.001), (b) duration of TIDM (+= -0.3, p=0.02).
(Abbreviations: T1DM, type 1 diabetes mellitus; HbAlc, glycated hemoglobin.)
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