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ABSTRACT
Objective: Nail fold capillary changes are accepted as early symptoms of several rheumatic disorders such as scleroderma 
and dermatomyositis. In adults, nail fold capillary abnormality (NCA) has been described in Familial Mediterranean Fever 
(FMF). However, there is not enough study in children with FMF. The aim of the present study was (1) to investigate whether 
children with FMF have NCA in both active and/or remission period or not and (2) to assess insulin resistance in children 
with FMF in both active and/or remission period of the disease compared with the control group.

Materials and Methods: Ninety-two patients with FMF, including 25 patients in the active period and 67 patients in the 
remission period, and 33 apparently healthy children were enrolled in the study. Nail fold capillary examination was per-
formed. Groups were compared for inflammatory markers (erythrocyte sedimentation rate, C-reactive protein, and serum 
amyloid A (SAA)), insulin resistance (homeostatic model assessment of insulin resistance, HOMA-IR), and NCA. The relation-
ship among the NCA, insulin resistance, and inflammatory markers was evaluated.

Results: Overt NCA was found in 20% of patients at the attack period and in 2.9% of patients in remission. HOMA-IR was 
higher at the attack period than at the attack-free period and control. However, this did not reach statistical significance. 
Nevertheless, HOMA-IR was positively correlated with SAA. The NCA was significantly positively correlated with increased 
levels of acute-phase reactants and was significantly negatively correlated with serum high-density lipoprotein levels.

Conclusion: There are apparent NCA in children with FMF especially in the active period of the disease. There is insulin 
resistance that is likely associated with inflammation. The NCA becomes overt in the active period of the disease as insulin 
resistance.
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INTRODUCTION 

Familial mediterranean fever (FMF) is an autosomal recessive autoinflammatory disease characterized by recurrent 
fever, serositis, and erysipelas-like erythema. In previous studies, several types of vasculitis, especially IgA vascu-
litis (previously called Henoch-Schönlein purpura) and polyarteritis nodosa, were found to occur more commonly 
in patients with FMF (1-2). Recently, structural changes in the nail fold capillaries of patients who have vascular 
inflammation have been detected (3). 

Inflammation causing endothelial dysfunction plays a major role in the development of atherosclerosis (3). In adult 
studies, it was shown that patients with FMF have significantly increased carotid intima-media thickness, which is 
commonly used for the non-invasive evaluation of carotid atherosclerosis in various diseases and general popula-
tion, and fasting plasma blood glucose levels compared with control subjects (4-7). 

Although there is no general agreement, it was determined that overt or subclinical inflammation in FMF may 
cause insulin resistance (8). To our knowledge, there is no study on this issue in children. In some diseases ac-
companied by vascular inflammation, structural changes were demonstrated in the nail fold capillaries of patients 
(9). In the literature, there are only two adult studies for nail fold capillary changes in patients with FMF, and these 
studies demonstrated the presence of nail fold capillary changes in patients with FMF (10, 11). To the best of our 
knowledge, this is the first study that evaluates nail fold capillary changes in children with FMF. 

In the present study, we aimed to investigate whether children with FMF have nail fold capillary abnormalities 
(NCAs) in both active and/or remission period or not and to assess insulin resistance in children with FMF in both 
active and/or remission period of the disease compared with the control group.
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MATERIALS and METHODS 

General Information
This cross-sectional study included 92 patients with FMF (25 in the 
active period and 67 in the remission period) and 33 healthy con-
trols. Children aged between 7 and 17 years old were included in 
the study. The study was approved by the ethics committee of Er-
ciyes University Medical Faculty (2011/304). All study procedures 
were conducted in accordance with a protocol previously approved 
by the Institutional Review Board of Erciyes University. Informed 
consent was obtained from children and their parents. A complete 
physical examination including anthropometric measurements was 
performed in all of the children. Reference body mass index curves 
for Turkish children 6 to 18 years old were used to determine 
obese children who were excluded from the study (12). Fasting 
blood samples in the patient and control groups were extracted in 
order to determine insulin, blood glucose, lipids, and acute-phase 
reactants (erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), and serum amyloid A (SAA)). For SAA, the samples were 
placed in a standard biochemistry tube, centrifuged, and stored at 
−70 °C until analysis. SAA was analyzed using a standard neph-
elometric method according to the manufacturer’s instructions. 
Based on fasting glucose and insulin values, homeostatic model 
assessment of insulin resistance (HOMA-IR) was calculated using 
the following formula: HOMA-IR index = [serum insulin (μU/mL) 
× fasting plasma glucose (mg/dL)/405] (13). In addition, insulin 
resistance was evaluated.

Dyslipidemia was diagnosed if one or more of the following fea-
tures are presented: (1) hypertriglyceridemia, (2) low high-density 
lipoprotein (HDL) cholesterol (<35 mg/dL), and (3) hypercho-
lesterolemia. Hypertriglyceridemia was defined as a triglyceride 
level >105 mg/dL for children below 10 years old and >136 
mg/dL for children ≥10 years old. Hypercholesterolemia was de-
fined as a high total cholesterol >95th percentile for age and sex 
(14). Dyslipidemia was defined if any of the following features 
are presented: (1) elevated triglyceride, (2) low HDL cholesterol 
(<35 mg/dL (<0.9 mmol/L)), and (c) high total cholesterol (>95th 
percentile) (14). 

Procedures
In patients and controls, an experienced dermatologist physician, 
who was blinded to the clinical diagnosis of the patient, made a 
nail fold capillary examination using a standard dermatoscope. 
Each patient rested in a test room with a room temperature of 
20 °C–22 °C for 15 min. Eight nails except the nail of the hand’s 
first finger were examined. The video camera of the dermatoscope 
was placed on the nail fold of each finger using a transparent gel 
between the probe and the area in order to improve image resolu-
tion, and a photograph was taken. The photos were then evaluated 
by an academician, who has never seen the patients and controls 
and who had no information about the clinics of the patients (Prof. 
Murat Borlu, MD), from the Department of Dermatology. The en-
largement or tortuosity of the capillaries was accepted as vascular 
abnormality (Figure 1). Subsequently, to control our dermatoscope 
findings in children with apparent NCA, the dermoscopic images 
of the patients are also evaluated by using image processing and 
statistical methods employing texture detection, statistical moment 
calculation, and k-means classification algorithm. This method is 

based on the selection of a region around the nail fold for each 
picture as shown in Figure 1. The selected regions are converted 
to grayscale image before the texture of the grayscale image is 
obtained. The standard deviations (SDs) of the selected regions are 
evaluated for 100 cases by using the MATLAB program after the 
texture of the grayscale image is obtained. The SDs of the selected 
regions are clustered by using the k-means clustering method into 
three clusters. These clusters are classified as normal cases, uncer-
tain cases, and certain cases.

1. Normal cases labeled zero (0) have the lowest SD among the 
three clusters. 

2. Uncertain cases labeled one (1) have higher SD than normal 
cases. 

3. Certain cases labeled two (2) have the highest SD among the 
other cases.

Image Texture
Haralick and Shapiro (15) defined texture as the uniformity, den-
sity, coarseness, roughness, regularity, intensity, and directional-
ity of discrete tonal features and their spatial relationships. Image 
texture gives us information about the spatial arrangement of color 
or intensities in an image or selected region of an image (16). The 
texture of the grayscale images is used to evaluate the SD of the 
selected region instead of grayscale images in the present study 
because the texture of the grayscale images is more suitable for 
this purpose (Figure 2). 

k-Means Clustering
Clustering of a set of data into smaller subsets is a commonly used 
technique in applications such as pattern recognition, statistics, 
data mining, and image processing (17). The problem that must 
be solved is partitioning a set of data into smaller homogeneous 
groups of data, called clusters, where data points in the same 
group have closer/similar properties. There are various algorithms 
proposed to solve the clustering problem, and k-means clustering 
algorithm is one of the most popular (18). Briefly, it is simply based 
on assigning every entry in the data into a cluster, based on its dis-
tance from the centers of the clusters (18).

Statistical Analysis 
All tests were performed using the SPSS for Windows 15.0 (SPSS, 
Chicago, IL, USA). First, the distributions of all parameters were 
determined using the Kolmogorov–Smirnov test. The parameters 
with normal distribution were expressed as mean±SD, and the 
parameters with non-normal distribution were expressed as me-
dian (minimum–maximum). The comparisons of means were per-
formed by the Student’s t-test. The comparisons of medians were 
performed using the Mann–Whitney U test. The comparisons of 
proportions were performed with the χ2 test. The comparisons 
between the three groups for the parameters with normal distribu-
tion were made using ANOVA with the post hoc Tukey procedure 
and Kruskal–Wallis H test for the parameters with non-normal dis-
tribution. 

In the study population, univariate logistic regression analyses were 
performed by designating NCA as a dependent variable and ESR, 
CRP, SAA, HDL, white blood cell (WBC) counts, and HOMA-IR 
as independent variables. A p-value <0.05 was considered to be 
significant. 
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RESULTS 

No statistically significant difference was detected between the pa-
tients and controls in terms of age, gender, BMI, blood pressures, 
and triglyceride and cholesterol levels. Serum glucose level was sta-
tistically higher in the active period of FMF than in the control group 
(Table 1). HOMA-IR was higher at the attack period than at the 
attack-free period and control. However, it did not reach statistical 
significance (Table 1). HDL cholesterol level was statistically lower 
in the active period of FMF than in the control group. As expected, 
WBC, ESR, CRP, and SAA levels were significantly higher in the ac-
tive period of FMF than in the remission of FMF and control groups. 

We determined NCA in five of the children with FMF during the at-
tack and in two of the children with FMF during the attack-free period. 

None of the healthy controls had any NCA. The NCA was verified 
by using an image processing and was detected in 2 of the 5 children 
who have vascular abnormality in the active FMF group and in 1 
of the 2 children who have vascular abnormality in the FMF remis-
sion group. We did not detect any capillary abnormality in the control 
group. These results were verified using image processing, statistical 
methods employing texture detection, statistical moment calculation, 
and k-means classification algorithm (Figure 1 and 2). The number of 
children with the NCA was significantly higher in the attack period 
than in the attack-free period and in the healthy controls. 

No correlation was detected between nail fold capillary changes 
and HOMA-IR, which is a marker of insulin resistance. Having 
NCA was significantly positively correlated with inflammatory 
markers and was significantly negatively associated with HDL. A 

Table 1. Parameters of insulin resistance and nail fold capillary abnormalities in the study groups.

 FMF attack FMF remission Control 
Variables  (n = 25)  (n = 67)  (n = 33) p

Fasting blood glucose (mg/dL) 90±11 86±9 82±9 0.02

Insulin (mIU/mL) 3.2 (2.0–35.9) 2 (2.0–9.5) 2.7 (2.0–42) 0.01

HOMA-IR 0.78 (0.37–11.1) 0.44 (0.30–2.24) 0.59 (0.37–6.56) 0.08

Nail fold capillary abnormalities 5 2 0 0.01

HOMA-IR; homeostatic model assessment of insulin resistance 

Figure 1. a, b. (a) Certain case (b) Normal case

a b

Figure 2. The image processing

72
Dursun et al. Nail Fold Capillary Abnormality and Insulin Resistance in Children 
with Familial Mediterranean Fever Erciyes Med J 2018; 40(2): 70-4



significant positive correlation was detected between HOMA-IR 
and SAA (r=0.165, p=0.039) (data not shown).  

No difference was detected between the patient groups in terms of 
the distribution of MEFV mutation. Furthermore, it was found that 
being a carrier of homozygous or compound heterozygous muta-
tion is not a facilitating factor for NCA (data not shown).

DISCUSSION 

The present study demonstrated that there were apparent NCAs in 
children with FMF especially in the active period of the disease, and 
there was insulin resistance that is likely associated with inflammation. 

Insulin resistance is defined as the development of resistance 
against the ability of insulin to mediate the intake of glucose to the 
peripheral tissues and is an important process in the development 
of type 2 diabetes (19). Pyrin is a major player in the maturation 
and secretion of interleukin (IL)-1β, which is responsible for in-
flammatory manifestations of FMF (20). One of the major sources 
of chronic inflammation seen in obesity is the NOD-like receptor 
family pyrin domain containing 3 (NLRP3) inflammasome, which 
is a well-known inflammasome-producing IL-1β in answer to met-
abolic and infectious stimuli (21, 22). Similarly, pyrin and its mu-
tant forms in FMF may cause uncontrolled IL-1β production via 
both NLRP3-dependent and independent pathways (23). In the 
literature, there are only two adult studies addressing insulin re-
sistance in patients with FMF. Sarkis et al. (8) demonstrated that 
patients with FMF have increased levels of HOMA-IR, insulin, 
and fasting glucose. On the contrary, Ugurlu et al. (24) could not 
show any difference between the patients with FMF and controls 
in terms of insulin resistance. As later study results, we did not 
find overt insulin resistance in children with FMF. However, a 
significant positive correlation was detected between HOMA-IR 
and SAA. This correlation may be associated with high levels 
of HOMA-IR especially in patients with FMF during the attack 
period. In our study, the exclusion of obese children from the 
study and control groups owing to the likelihood of an effect on 
insulin resistance suggested that the role of FMF in the formation 
of insulin resistance was limited.

The diseases causing chronic inflammation may play a key role 
in the development of atherosclerosis, diabetes, and autoimmune 
diseases (25). Obesity might be one of the serious complications 
of chronic inflammatory diseases secondary to decreased physical 
activity and steroid toxicity. In a study from the USA, of the chil-
dren with juvenile idiopathic arthritis, 18% were obese, and 12% 
were overweight (26). In a retrospective study performed in chil-
dren with FMF, 12.8% of the subjects were overweight, but none 
of the patients had obesity (27). 

Some structural changes in nail fold capillaries were demonstrated 
in some diseases, leading to vascular inflammation (10, 11, 28, 
29). In a study by Aytekin et al. (11), 31 patients with FMF who 
had no any evidence of vasculitis and 30 controls were evaluated in 
terms of NCAs, and focal dilatation was found in 5 patients and mi-
crohemorrhage was found in 1 patient. They claimed that micro-
vascular abnormalities found in patients with FMF likely result from 
amyloidosis and vasculitis. Although the pathogenesis of vasculitis 
in FMF remains unclear, it has been postulated that immune com-

plexes may play a pivotal role (30). As shown by Aytekin et al. (11),  
Dinc et al. (10) investigated the NCA in 59 adult patients with 
FMF and found tortuosity in 17 patients, extravasation in 14 pa-
tients, and dilatation in 9 patients. The nail fold capillary changes 
were more commonly seen in patients with FMF accompanied by 
Raynaud’s phenomenon (RF) (4). In our study, marked changes of 
the nail fold capillary bed were detected in 5 patients with FMF in 
the active period and 2 in the remission group (Figure 1). None of 
our patients had a history of RF. These findings demonstrate that 
patients with FMF may have nail fold capillary changes especially 
in the active period of the disease. To our knowledge, this is the 
first study to evaluate the relationship between nail fold capillary 
changes and inflammatory and metabolic markers overt in the ac-
tive period of the disease as insulin resistance. Our study results 
showed that vascular changes observed in the nail fold capillary 
bed become overt in the active period of the disease as insulin re-
sistance. However, as our study did not include a nail fold capillary 
examination in the same patients during the acute exacerbation 
and remission periods, it is difficult to claim whether the change 
of the nail fold capillary bed persists during the remission period. 
This is the most important limitation of our study. Our study is the 
first study to evaluate nail fold capillary changes using standard 
dermoscopic examination, image processing, statistical methods 
employing texture detection, statistical moment calculation, and 
k-means classification algorithm in children with FMF. 

In conclusion, our study confirmed that abnormalities in the nail 
fold capillary bed may be seen in children with FMF as previously 
described in the adult population. Further studies are greatly need-
ed to explore the importance of these findings in FMF.  
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