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Abstract
Objective: to study the relationship between microvascular lesions of Diabetes 
Mellitus and alterations in the nailfold capillaroscopy. 

Subjects and Methods: cross-sectional study including 140 individuals (70 with 
Diabetes Mellitus and 70 controls). Epidemiological and clinical variables were 
collected from patient’s charts. Fundus ophthalmoscopy, nailfold capillaroscopy, 
analysis of microalbuminuria and renal clearance as well as fasting glycaemia 
and HbA1c values were studied simultaneously. 

Results: capillary density was reduced, and vascular dilatation was increased in 
Diabetes Mellitus patients when compared to controls (both with p<0.0001). In 
diabetic individuals the number of dermal papillary capillaries/mm3 correlated 
negatively with microalbuminuria (p=0.02), patient’s age (p=0.03), values of HbA1c 
(p=0.03). Patients with diabetic retinopathy and using antiplatelet agents had 
lower capillary density (p<0.0001 and 0.04 respectively). Capillary dilatation was 
associated with disease duration (p=0.04). 

Conclusion: microvascular disease in Diabetes Mellitus is reflected in nailfold 
capillaroscopy. Decreased capillary density, increased number of ectasias and 
increased presence of avascular areas were observed in patients with diabetes 
when compared to controls. In the present study, capillary density correlated/
associate with age, retinopathy, use of antiplatelet medication, HbA1c, microalbu-
minuria and diabetes duration. Ectasias or dilatations were related to retinopathy, 
glomerular filtration rate and longer disease duration.

Keywords: diabetes mellitus, microcirculation, diabetic retinopathy, microscopic 
angioscopy.

Resumo
Objetivo: estudar a relação entre lesões microvasculares do Diabetes Mellitus 
e alterações na capilaroscopia ungueal. 

Sujeitos e Métodos: estudo transversal incluindo 140 indivíduos (70 com Diabetes 
Mellitus e 70 controles). Variáveis epidemiológicas e clínicas foram coletadas dos 
prontuários dos pacientes. A oftalmoscopia de fundo, capilaroscopia ungueal, 
análise de microalbuminúria e depuração renal, bem como glicemia de jejum e 
valores de HbA1c foram estudados simultaneamente. 

Resultados: a densidade capilar foi reduzida e a dilatação vascular aumentada 
em pacientes com Diabetes Mellitus quando comparados aos controles (am-
bos com p <0,0001). Em indivíduos diabéticos, o número de capilares papilares 
dérmicos/ mm3 correlacionou-se negativamente com microalbuminúria (p = 
0,02), idade do paciente (p = 0,03), valores de HbA1c (p = 0,03). Pacientes com 
retinopatia diabética e em uso de antiagregante plaquetário apresentaram me-
nor densidade capilar (p <0,0001 e 0,04 respectivamente). A dilatação capilar foi 
associada ao tempo de doença (p = 0,04). 
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Conclusão: a doença microvascular no Diabetes Melli-
tus reflete-se na capilaroscopia ungueal. Diminuição 
da densidade capilar, aumento do número de ectasias 
e aumento da presença de áreas avasculares foram 
observados em pacientes com diabetes quando com-
parados aos controles. No presente estudo, a densida-
de capilar se correlacionou/ se associou com idade, 
retinopatia, uso de antiagregante plaquetário, HbA1c, 
microalbuminúria e tempo de diabetes. Ectasias ou 
dilatações foram relacionadas à retinopatia, à taxa 
de filtração glomerular e a maior duração da doença.

Palavras-chave: diabetes mellitus, microcirculação, 
retinopatia diabética, angioscopia microscópica.

Abbreviations: DM, Diabetes Mellitus; NC, nailfold 
capillaroscopy; GFR, glomerular filtration rate; HbA1c, 
hemoglobin A1c; NV, normal value.

Introduction

Microvascular lesions are the hallmark of 

Diabetes Mellitus (DM), contributing to patient’s 

morbidity and mortality. Eye and kidney damage 

are well known DM complications that mirror this 

kind of involvement (1, 2). Flow disturbances in 

skin microcirculation may precede development 

of typical diabetic complications (3). 

Nailfold capillaroscopy (NC) is widely used to 

study vascular lesions in rheumatic diseases such 

as scleroderma and dermatomyositis (4). Due to 

its low cost and being easy to execute, the use 

of this instrument in other clinical situations with 

microcirculation’s damage such as DM has been 

suggested (5). However, studies in NC application 

in this context are few and this method is not well 

known in the medical community. Nevertheless, 

this exam may offer an easy way to evaluate DM 

complications. According to Shikama et al. (6) NC 

is able to predict diabetic retinopathy independent 

of traditional risk factors. Another study, by Schoina 

et al. (7) in diabetic chronic kidney disease, showed 

that NC reflects microcirculatory structural and the 

functional impairment of this organ. These points 

illustrate the advantages of NC in the evaluation 

of DM patients.

NC is achieved by looking through the epidermis 

at the nailfold bed. The main pathological 

findings are decrease in capillaries density and 

changes in capillary dimensions. It can be done 

with videocapillaroscopy instruments, with a 

biomicroscope, with an ophthalmoscope or even 

with a dermatoscope (8).

Herein we proposed to study NC in diabetic 

patients and its associations with retinal and 

kidney complications.

Methods

This is a cross-sectional study approved 

by the local Committee of Ethics in Research 

number number 6895.934016.8117.3.0000.0103. 

All participants signed consent.

One hundred and forty individuals (70 with DM 

and 70 controls) were invited to participate. This 

is a convenience sample that includes all DM 

patients that came for regular consultations for 

the period of six months in a single Endocrinology 

Unit and that agreed to participate in the study. 

To be included, patients should be older than 

18 years of age and have DM type 1 or type 2 

diagnosed according to the American Diabetes 

Association guidelines (9) as follows: HbA1c≥6.5%; 

fasting glycemia ≥126 mg/dL and/or 2-hour 

plasma glucose ≥200 mg/dL during an oral 

glucose tolerance test.

Patients with systemic rheumatic diseases 

or recent injuries on the fingers were excluded. 

Patient’s companions, paired for age and gender, 

were used as controls. Patients’ charts were reviewed 

for epidemiological and clinical data (gender, age, 

tobacco exposure, auto declared ethnic background, 

diabetes type, comorbidities and treatment). 

Evaluated laboratory data included 

fasting glycaemia, HbA1c, creatinine and 

microalbuminuria. At our institution, fasting 

glycaemia is measured by enzymatic analysis 

(normal values (NV)= 60-99 mg/dL); HbA1c 

is measured by high-performance liquid 

chromatography HPLC (NV< 5.7%; diabetes > 

6.5%); creatinine is measured by colorimetric 

analysis method (NV for men <50 years: 0.84-

1.25 mg/dL; men> 50 years old: 0.81-1.44 mg/dL; 

women: 0.66-1.09 mg/dL); and microalbuminuria 

is measured by immunoturbidimetry (NV<20mg/g 

of creatinine). Glomerular filtration rate (GFR) was 
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calculated according to the CKD-EPI equation (10). 

A single examiner, blind for NC results, 

performed fundus ophthalmoscopy, using Pocket 

Scope Welch Allyn 12820® with 15-fold increase. 

The following findings were taken into account 

for diagnosis of diabetic retinopathy: micro 

aneurysms, soft and hard exudates, hemorrhages 

and macular edema (11).

A single examiner, also blind to clinical and 

ophthalmoscopic findings, performed NC using 

a Coleman® stereomicroscope with 10-fold 

increase. To perform NC, a drop of immersion oil 

was added in each nailfold from 2nd to 5th digits 

of both hands. Capillary count and morphologic 

alterations were reported. The capillary density 

was measured by manual count/mm3; less than 

7/mm was considered abnormal (12). For statistical 

purposes, mean values obtained in all examined 

fingers were used. A capillary was considered to 

be dilated when the afferent, efferent and transition 

loops were enlarged from up to 4 to 9 times the 

normal. Mega capillaries were considered if they 

were enlarged 10 times or more (13). Avascular 

areas or focal deletion was defined as the absence 

of two or more successive capillaries (12, 13).

Frequency tables and contingency tables were 

created. Distribution was judged by Shapiro-

Wilk’s test. Chi-squared and Fisher’s tests were 

used to compare nominal and categorical data. 

Mann-Whitney U and unpaired t-tests were used 

to compare numerical data. Spearman’s test 

was used for correlations between number of 

capillaries and laboratory data, disease duration 

and age. A p value of 0.05 was considered 

significant. All tests were calculated with Graph 

Pad Prism 6.0 software.

Results

The main characteristics of DM studied sample 

are on Table 1 that shows that most of the patients 

were Caucasian females with type 2 DM; more 

than half of the sample used oral hypoglycemic 

drugs and insulin.

TABLE 1 – Description of epidemiological, clinical 
and laboratory data of 70 patients with diabetes 
mellitus.

PARAMETERS n  % 

Female gender 42 60

Auto declared ethnic 

background

Caucasians 46 65.7

Afro descendants 24 34.2

Type 2 Diabetes Mellitus 66 94.2

Disease duration years 

-median
10 2-34 

Oral hypoglycemic use 53 75.7

Use of insulin 48 68.5

Obesity* 12 17.1

Arterial hypertension 54 77.1

Dyslipidemia 36 51.4

Diabetic retinopathy 27 38.5

Laboratory data median Range

Fasting blood glucose, 126.4 63.2 - 423.0

HbA1c (%) 8.1 5.8 - 15.0

Microalbuminuria  

(mg/day)
37.45 1.6 - 235.0

Serum creatinine  

(mg/dL)
0.98 0.7 - 3.1

Glomerular filtration 

rate (mL/min)
62.0±21.07 18.0 – 124.4

HbA1c, glycated hemoglobin. * defined as body mass 
index > 30 Kg/m2.

Pairing data and comparison of NC findings 

between DM patients and controls are on Table 

2. In this table is possible to note that DM patients 

had more alterations than controls in all studied 

parameters of NC. Mega capillaries were not 

found neither in patients nor in controls.
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TABLE 2 – Pairing data and comparison of nailfold capillaroscopy findings between diabetes mellitus 
patients and controls.

Parameters 
DM

n = 70   
CONTROLS

n = 70
P

Gender (male/female) 28/42 20/50 0.15*

Age (years), median (IQR) 62.0 (50.7-70.0) 57.0 (48.0-66.0) 0.12†

Capillaries density (n/mm), median (IQR) 6.12 (5.5-7.0) 7.12 (7.0-7.4) < 0.0001† 

Patients with alterations in capillaries density, n (%) 52 (74.2) 13 (18.5) < 0.0001*

Patients with capillaries dilation, n (%) 32 (45.7) 4 (5.7) < 0.0001‡

Patients with avascular area, n (%) 22 (31.4) 6 (8.5) 0.0005*

DM, diabetes mellitus. IQR, interquartile range. * chi squared test; † Mann Whitney test; ‡ Fisher test.

The comparison of capillary density according 

to the studied clinical and treatment parameters 

is on Table 3 that shows that patients using 

antiplatelet agents and those with retinopathy 

had lower capillary density than those without. In 

addition, negative correlations of capillary density 

with age, HbA1c, microalbuminuria and disease 

duration were observed. 

TABLE 3 – Comparison and correlation studies of capillary density (n/mm) according to clinical, la-
boratory and treatment parameters. 

Patients with 
capillary loss 

Patients without 
capillary loss

P

Comparison studies, median (IQR)

Arterial hypertension 6.0 (5.5-6.5) 6.1 (5.5-7.0) 0.43†

Dyslipidemia 6.1 (5.6-6.5) 6.1 (5.3-7.0) 0.79†

Obesity 5.9 (5.4-6.5) 6.1(5.6-7.0) 0.36†

Insulin use 6.1 (5.5-7.0) 5.9 (5.4-6.4) 0.22†

Oral hypoglycemic use 6.1 (5.6-6.8) 5.70 (5.1-7.0) 0.51†

Antiplatelet agents use 5.7 (5.5-6.3) 6.5 (5.6-7.0) 0.04†

Diabetic retinopathy 5.6 (5.4-6.0) 6.3 (6.0-7.0) < 0.0001†

Correlation studies* Spearman Rho 95%CI

Age (years) -0.24 -0.46 to -0.007 0.03

Fasting glycaemia (mg/dL) -0.11 -0.34 to 0.13 0.36

HbA1c (%) -0.24 -0.46 to-0.007 0.03

Serum creatinine (mg/dL) -0.07 -0.31 to 0.18 0.52

Microalbuminuria -0.37 -0.63 to -0.04 0.02

Glomerular filtration rate (mL/min) 0.17 -0.07 to 0.39 0.15

Disease duration (years) -0.59 -0.72 to -0.40 0.0001

CI=confidence interval. IQR, interquartile range. *Spearman test; † Mann Whitney test.
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The study of capillary dilatation showed the 

results in Table 4. An association of capillary 

dilatation with disease duration and capillary 

density was seen as well as a trend towards 

association with retinopathy and GFR.

TABLE 4 – Comparative studies of patients with diabetes mellitus presenting with and without capillary 
dilatation at nailfold capillaroscopy

Parameter 
With dilatation

(n=32)
Without dilatation

(n=38)
P

Age (years), median (IQR) 62.0 (51.7-71.5) 61.5 (50.2-69.2) 0.57 *

Insulin use, n (%) 21 (65.6)  27 (71.0) 0.12†

Oral hypoglycemic use, n (%) 22 (68.7)  31 (81.5) 0.21†

Antiplatelet agents use, n (%) 15 (46.8) 18 (47.3) 0.96† 

Diabetic retinopathy, n (%) 16 (50.0) 11 (28.9) 0.07†

HbA1c (mg/dL), median (IQR) 8.3 (7.2-8.7) 7.65 (6.8-8.6) 0.15*

Microalbuminuria (mg/day), median (IQR) 38.2 (1.6–236.0) 436.7(4.1-195.8) 0.69*

Glomerular filtration rate (mL/min), mean±SD 57.0±20.3 66.2±21.0 0.06‡

Disease duration (years), median (IQR) 11.3 (7.0-20.0) 10.0 (5.0-15.0) 0.04*

Capillary density (n/mm), mean±SD 5.8±0.68 6.4±0.8 0.0007‡

n=number; IQR= interquartile range; SD=standard deviation. *Mann Whitney test; † chi-squared test; ‡ unpaired t test.

Discussion

The present study showed that DM patients 

have lower capillary density and more capillary 

dilatation and avascular areas than controls. 

The capillary density correlated with age, 

retinopathy, antiplatelet medication use, HbA1c, 

microalbuminuria and diabetes duration. Ectasias 

or dilatations were related to retinopathy, GFR 

and longer disease duration. 

Other authors found the same capillaroscopic 

changes (1, 11, 14-16) that we did. Kaminska-

Winciorek et al. (2) detected that the levels of HbA1c 

influenced the capillaroscopic findings, mainly the 

number of vessels, similarly to our results. In this 

context, it would be interesting to know if the 

glycemic control would revert such alterations. 

It is possible that the effects of hyperglycaemia 

on hyperfibrinogenaemia changing plasma 

viscosity and its hemorheological variables (16, 

17) could play a role in such alterations. Increase 

in plasma fibrinogen and viscosity attenuates the 

vasodilatation in blood vessels from periphery (18).

The association of capillary loss and presence 

of morphologic alterations (dilatations) in NC with 

retinopathy has also been described (8). Diabetic 

retinopathy is an important cause of blindness and 

may evolve without symptoms until it has reached 

a very advanced state (19). Therefore, NC could 

point to its presence, allowing the clinicians to 

adopt preventive measures. 

While the association with low capillary density 

is easily understood by the ischemic changes 

in microcirculation (20, 21), the appearance of 

dilatation in the loops is less clear. We noted an 

inverse relationship between capillary density 

and the presence of dilatations. Meyer et al. (22) 

described the ecstatic alterations as a reaction 

to tissue ischemia caused by local capillary loss. 

Hypoxia is a key regulator of VEGF (vascular 

endothelial growth factor) induced ocular 

neovascularization (23) and we can hypothesize 

that the same mechanism is seen in the nailfold. If 

this proves to be right, the presence of dilatations 

at NC could be a surrogate to proliferative 
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changes in the retina. However, more studies 

are needed in this context.

We also detect that capillary loss was 

associated with microalbuminuria but not with 

changes in GFR; capillary dilatation did not 

associate with microalbuminuria but a trend 

towards association with loss of GFR was seen. 

A cross-sectional study with 866 patients by 

Martens et al. (24), found lower capillary density 

of the skin microcirculation to be independently 

associated with the presence of albuminuria, as 

in the present study. Microalbuminuria is an early 

sign of diabetic nephropathy appearing first than 

proteinuria and decline in GFR (25). Nevertheless, 

diabetic glomerulosclerosis is multifactorial: 

intraglomerular hypertension, ischemic injury, 

increased VEGF and TGF-beta expressions (26, 

27) and alterations in renal bone morphogenetic 

protein-7 levels (28) are some of the players. This 

multifactorial aspects of the pathophysiologic 

mechanisms of diabetic kidney injury may explain 

why the NC associations with microalbuminuria 

and GFR were dissociated. It is worthwhile to note 

that some authors found dissociation between 

loss of GFR and albuminuria (29). The widespread 

use of angiotensin-converting inhibitors and 

angiotensin II receptor blockers as anti-proteinuric 

agents may also have affected these findings (30).

Another important point is the relation between 

disease duration and the appearance of capillary 

alterations. In this study, it was demonstrated 

that patients with prolonged duration of disease 

presented more alterations when compared 

to those with less time of disease, which is 

compatible with the literature. Other researchers 

also emphasize the progressive development of 

capillaroscopic alterations mainly in patients with 

more than 10 years of disease (15, 22). 

An unexpected finding was the association of 

capillary loss with the use of anti-platelet agents. 

We do not have an explanation for this but it is 

reasonable to think that these are patients with 

more severe vascular damage and the relation 

could be with the indication of these drugs rather 

than with the drug itself.

The present study has limitations: one of them 

is its cross-sectional design. Prospective studies 

are welcome to analyze possible changes in NC 

pattern according to diabetes control. The other 

is that we did not quantify the retinal changes in 

these patients, using just a yes/no option. We also 

did not study DM type-1 and DM type-2 apart, 

as our sample of DM type-1 patients was quite 

small. However, it has the merit to highlight the 

existence of NC changes in DM and its relationship 

with microvascular damage. NC is a cheap exam 

and it is performed without difficulties; it also can 

be easily repeated. As a proper retinal evaluation 

requires pupillary dilatation (not always welcome 

by the patients) and following nephropathy with 

microalbuminuria and GFR determinations have 

considerable costs, it would be interesting to 

stimulate the NC’s widespread use. 

Concluding, decreased capillary density, 

increased number of ectasias and increased 

presence of avascular areas were observed in 

patients with DM when compared to controls. In 

the present study, capillary density correlated/

associate with age, retinopathy, use of antiplatelet 

medication, HbA1c, microalbuminuria and 

diabetes duration. Ectasias or dilatations were 

related to retinopathy, GFR and longer disease 

duration.
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