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SUMMARY
Objectives: The significant differences in the fingerprint pattern frequencies in type 2 diabetes mellitus (T2DM) patients and controls could be a 

possible way to identify patients with a risk of developing T2DM. The results could be used in the earlier diagnosis and treatment. The study was 
undertaken to find out the reliability of fingerprint patterns as a possible predictive tool for T2DM diagnosis.

Methods: A total of 1,260 fingerprints were acquired using the optical contact sensor DactyScan 26i. The results of the qualitative analysis of 
the fingerprint pattern frequencies have been compared between T2DM patients and controls and also between the fingers to each other. We 
have detected the frequency of patterns: plain arch (Ap) and tented arch (At), radial loop (Lr), ulnar loop (Lu), double loop (Ld), spiral whorl (W), 
and plain whorl (concentric) (Wp). Statistical analysis was performed using Pearson’s chi-square by Statistica ver. 12.

Results: We found statistically significant differences (p < 0.05) in the frequency of individual dermatoglyphic patterns among patients with 
diabetes and healthy controls as follows: in the left thumb (L1) in a radial loop, double loop and spiral whorl pattern; in the left middle finger (L3) in 
a tented arch and radial loop; in the right ring finger (R4) in a tented arch, spiral and plain whorl; and in the right little finger (R5) in a tented arch 
and spiral whorl. 

Conclusion: Fingerprint pattern frequencies might be used as another screening tool and indicator in T2DM prevention. Qualitative analysis of 
fingerprint patterns could be useful regarding the additional prevention diagnostics of T2DM in the population.
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INTRODUCTION

Diabetes mellitus (DM) is a multisystem metabolic disorder 
characterized by hyperglycaemia resulting from defects in in-
sulin secretion, action, or both (1, 2). Chronic hyperglycaemic 
conditions result from resistance to insulin actions on peripheral 
tissues as well as inadequate secretion of insulin and impaired 
suppression of glucagon secretion in response to ingested glu-
cose (3, 4). Type 1 DM (T1DM) with the absolute deficiency 
of insulin secretion is caused by a lack of insulin secretion by 
beta cells of the pancreas (insulin-dependent diabetes mellitus 
IDDM). Type 2 DM (T2DM) with a combination of resistance 
to insulin action and inadequate compensatory insulin secretory 
response is caused by decreased sensitivity of target tissues to 
insulin (non-insulin-dependent diabetes mellitus NIDDM) (1, 
4). T2DM was first described in 1988 as a component of the 
metabolic syndrome (2). T2DM is more common and is also 
genetically influenced (5) with a greater genetic association 
than T1DM (4). T2DM is a heterogenous disorder that occurs 

more in adults than in children and results from the interaction 
between the genetic, environmental and behavioural risk factors 
(e.g., stress, obesity and overeating, lack of exercise, sedentary 
lifestyle, excessive energy intake, lack of varied and quality diet) 
(6). Visceral obesity is observed in most patients with T2DM and 
it is related to insulin resistance. In addition, hypertension and 
dyslipidaemia are often present (2). T2DM is the predominant 
form of diabetes (90% of all DM cases) (4).

It is recognized that diabetes is increasing in occurrence as 
a global disease. Especially T2DM represents a major threat to 
the public health worldwide. The prevalence of DM for all age 
groups worldwide was estimated at 4.4% and the total number 
of adults with DM will reach 370 million by 2030 (4, 5, 7). DM 
will be the 7th leading cause of death and T2DM will make up 
about 80% to 90% of these cases (2, 5). Globally, the number of 
DM patients has more than doubled over the past three decades. 
T2DM especially is increasingly observed among children and 
adolescents (8). There is also a fast-increasing trend in the preva-
lence of this disease in Slovakia (6).
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It will reach the top of the mortality and morbidity causes 
along with cardiovascular diseases and cancer (approx. 3.2 
million deaths yearly) (7). The prevalence of T2DM, specific 
complications, and the presence of accompanying diseases make 
diabetes one of the main public health problems in the world to-
day. Diabetes is also a costly disease for world economies (3, 4). 
This has intensified scientific understanding of its aetiology and 
pathogenesis. The aim is to improve its management to reduce the 
disease incidence and its impacts on lives and economies. Studies 
are continuously being done with a multidisciplinary approach 
to identify the potential early biomarkers of diabetes (4, 5). New 
predicting methods and better-shaped prevention programmes 
are needed to reduce diabetes onset (5, 8).

Dermatoglyphics and Fingerprint Patterns
Papillary lines (flow-like ridges) are the elevated areas of skin 

presented on the epidermis surface of the palmar and plantar side 
of the human hand and sole, including the fingers and toes. They 
are not created on the skin surface of other parts of the body. Papil-
lary lines have a height of 0.1 to 0.4 mm and a width of 0.2 to 0.7 
mm (9). Their formation depends on the initial conditions of the 
embryonic development and they are unique to each person (10). 
A fingerprint is a trace, print, or scan of the skin friction ridges that 
serve as a unique personal, natural, visible identification marker. 
It is used considerably to establish human identity because even 
monozygotic twins do not have the same fingerprints (11, 12).

Fingerprint patterns result from the processes during the first 
trimester stage of the human embryo. The patterns originate during 
gestational weeks 11 to 24 (7). Dermatoglyphic traits are formed 
under genetic control early in development but may be affected 
by environmental factors (5). The interaction of the foetus and its 
environment causes pressure differences on friction ridge skin, 
which ultimately form unique fingerprints for each individual 
(13). The maternal environment, gene deviants, and chromosomal 
aberrations can affect ridge formation during intrauterine develop-
ment (7). The resulting fingerprints remain fixed permanently and 
do not change throughout life, except for the dimensions related 
to the growth of the human body (14). Once the configuration of 
dermal ridges is formed it won’t be affected by age and environ-
mental changes during the postnatal life period. It has predicting 
potential regarding various genetic and acquired disorders with 
a genetic influence (15). The configuration of ridges and furrows 
has applied value in various diseases and syndromes. Therefore, 
they could be used as a reliable indicator to indicate gene or 
chromosomal abnormalities and genetic damage (14, 16).

Dermatoglyphics has numerous utilities in human biology, 
genetics, anthropology, morphology, and anatomy, and also in the 
diagnostics of genetic based diseases and health disorders (17). 
There is an important connection between the types of derma-

toglyphic patterns on the fingerprints and some health disorders 
and diseases (7). These patterns are used as a diagnostic tool in 
several diseases with a strong hereditary background and become 
an identification biomarker for diabetes. They can be used as ad-
ditional support for the diagnosis of various hereditary disorders 
including T2DM (1, 14, 15).

Diabetes is a disease with a strong genetic basis that has a 
hereditary background. An offspring of two diabetic parents 
has an 80% risk of having diabetes (7, 14). Genetic factors are 
very significant, T2DM develops slowly and occurs most often 
in overweight patients (15). There is a well-known connection 
between dermatoglyphics and T2DM, which has a rich genetic 
charge. It is illustrated by a high index of disease concordance 
in monozygotic twins (about 100%) and a higher risk (20–40%) 
of the appearance of disease in relatives of the affected people 
versus a 2–6% risk in the normal population (18).

Dermatoglyphic investigation is cost-effective; it can help in 
predicting the phenotype of a possible future illness (14) and can 
be used as a way of measuring gene expression determined by the 
early prenatal environment (15). The relevance of dermatoglyph-
ics is in the prognosis and also in the identification of people 
with a genetic predisposition to develop certain diseases. It can 
be useful in screening populations at disease risk; so a watch can 
be kept for the early onset of the symptoms (19). Dermatoglyph-
ics are genetically determined and used as a diagnostic tool. If 
a significant correlation exists between fingerprint patterns and 
T2DM, it will be possible to identify the high risks of developing 
T2DM patients (5). Therefore, the present study intends to evalu-
ate the relationship between dermatoglyphic patterns and T2DM.

MATERIALS AND METHODS

In our research we qualitatively analysed 630 fingerprints of 
63 patients with T2DM (38 men and 25 women aged between 40 
and 70); and 630 fingerprints of 63 healthy individuals (control 
group of 19 men and 44 women aged between 35 and 55). Both 
groups were from the same population and geographical area of 
the Eastern part of Slovakia (Prešov Region). Fingerprints of 
T2DM patients were acquired at a Diabetic Clinic in Sabinov only 
on an optional basis of cooperation; as well as in the case of the 
control group. Fingerprints were acquired using an optical contact 
sensor DactyScan 26i (Green Bit S.p.A., Italy). The qualitative 
analysis was performed manually (Fig. 1) according to previous 
studies (modified) (20).

Frequencies of patterns were compared between T2DM and 
the control group mutually and also between the fingers to each 
other in both groups. Fingers were marked as follows: left thumb 
(L1), left index finger (L2), left middle finger (L3), left ring finger 
(L4), left little finger (L5), and similarly on the right hand (R1, 

Fig. 1. Basic dermatoglyphic patterns.
1 – plain arch (Ap), 2 – tented arch (At), 3 – ulnar loop (Lu) (in the right hand), 4 – radial loop (Lr) (in the right hand), 5 – double loop (Ld), 6 – spiral whorl (W), 7 – plain 
whorl (concentric) (Wp)
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R2, R3, R4, R5). We have detected the frequency of patterns: plain 
arch (Ap) and tented arch (At), radial loop (Lr), ulnar loop (Lu), 
double loop (Ld), spiral whorl (W), and plain whorl (concentric) 
(Wp) (Fig. 1). We searched significant association between the 
fingerprint pattern frequencies of T2DM and control group and 
also the difference in the frequency of occurrence of each pattern 
of fingerprints.

Fingerprint pattern frequency values were recorded and statisti-
cally evaluated by Pearsonʼs chi-square in Statistica ver. 12. The 
p-value < 0.05 was considered a statistically significant result.

RESULTS

In our study, we aimed to evaluate dermatoglyphic analysis 
of fingerprint patterns in T2DM patients, in healthy controls and 
their mutual comparison. Table 1 shows the frequency and dis-
tribution of fingerprint patterns in the left and right hand in both 
groups. The radial loop pattern was presented with the highest 
frequency (56.19%) on the left hand in the T2DM group. The 
ulnar loop pattern was presented in 55.23% on the right hand 
in both groups with the second highest frequency. The lowest 
incidence of the plain whorl was recorded on the left hand in the 
control group (0.63%).

If there were significant correlations between the fingerprint 
patterns of T2DM patients and controls and the difference in the 
frequency of fingerprint patterns, it would be a possible way to 
identify patients with a high risk of developing T2DM. The results 
could be used in an earlier diagnosis and treatment. Table 2 shows 

Pattern
Left hand Right hand

T2DM (%) C (%) T2DM (%) C (%)
Ap 5.08 2.86 3.18 2.54
At 4.13 14.92 2.86 11.43
Lu 2.54 2.54 55.23 55.23
Lr 56.19 49.21 1.58 1.90
Ld 4.13 11.75 4.13 5.09
W 26.35 18.09 29.84 21.91
Wp 1.58 0.63 3.18 1.90

Table 1. Frequency and distribution of fingerprint patterns

T2DM – patients’ group; C – control group; Ap – plain arch; At – tented arch; Lu – ulnar 
loop; Lr – radial loop; Ld – double loop; W – spiral whorl; Wp – plain whorl (concentric)

the results of statistical analysis with a significant difference (p < 
0.05) in the frequency (%) of radial loop (Lr), double loop (Ld), 
and spiral whorl (W) patterns between the T2DM and control 
group compared mutually on the left thumbs (L1). Incidence of 
the radial loop (52.38%) and spiral whorl (26.98%) was found 
significantly higher in the T2DM subjects (compared to 44.44% 
and 14.29%, respectively, in healthy controls) while the frequency 
of double loop (30.16%) was higher in the control group compared 
to 11.11% in T2DM subjects (on the finger L1 – left thumb).

The incidence of a tented arch (At) was found significantly 
higher (p < 0.05) in the control group (19.05%) compared to the 
T2DM group (3.17%) in the left middle finger (L3). The radial 
loop (Lr) frequency was significantly higher (p < 0.05) in the 
T2DM group (66.67%) compared to the control group (52.38%).

Tented arch (At) incidence in the control group (9.52%) was 
found significantly higher (p < 0.05) compared to the T2DM group 
(0.00%) in which we did not find this type of pattern in the right 
ring fingers (R4). Spiral whorl (W) and plain whorl (concentric) 
(Wp) frequencies (42.86% and 11.11%) were significantly higher 
in T2DM subjects compared to the incidence in controls (34.92% 
and 3.17%, respectively) in the right ring fingers (R4).

In the statistical comparison of fingerprints of the right little 
fingers (R5), we have found significant differences (p < 0.05) in 
the tented arch (At) and spiral whorl (W) frequency. Tented arch 
(At) was more frequent in the control subjects (7.94%) compared 
to the T2DM group in which we did not find this type of pattern 
(0.00%). Spiral whorl (W) was found with higher frequency in the 
T2DM subjects (20.63%) compared to healthy controls (11.11%).

There were no significant differences found in the other statis-
tical mutual comparisons of L2, L4, L5, R1, R2, and R3 fingers 
between the T2DM and control group in the frequencies of all 
analysed fingerprint patterns (p > 0.05).

DISCUSSION

We have found a radial loop on the left hand in the T2DM 
group as a pattern with the highest frequency (56.19%) in our 
study. Statistically significant differences (p < 0.05) in the per-
centage of patterns between the T2DM and control group were 
found in the cases of L1, L3, R4, and R5 fingers in their mutual 
comparison. The most common pattern on fingerprints was the 
ulnar loop, followed by a whorl, according to a scientific study 
that evaluated the frequency of dermatoglyphic patterns among 

Pattern
Finger L1

p-value Pattern
Finger R4

p-value
T2DM (%) C (%) T2DM (%) C (%)

Lr 52.38 44.44
0.037

At 0.00 9.52
0.023Ld 11.11 30.16 W 42.86 34.92

W 26.98 14.29 Wp 11.11 3.17

Pattern
Finger L3

p-value Pattern
Finger R5

p-value
T2DM (%) C (%) T2DM (%) C (%)

At 3.17 19.05
0.025

At 0.00 7.94
0.018

Lr 66.67 52.38 W 20.63 11.11
T2DM – patients’ group; C – control group; At – tented arch; Lr – radial loop; Ld – double loop; W – spiral whorl; Wp – plain whorl (concentric)

Table 2. Statistically significant differences in fingerprint patterns variability
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the inhabitants of eastern Slovakia (20). This is in concordance 
with our findings. Another dermatoglyphic study reported and 
also confirmed the ulnar loop as the most common type of pat-
tern (59.72%), followed by the whorl (35.53%). According to the 
mentioned study, the occurrence of dermatoglyphic patterns does 
not depend on ethnic origin (21).

There is a conformity between our findings for individual 
fingerprint patterns and the results of another study in a higher 
percentage of whorls on the left thumbs of diabetic patients (20%) 
compared to the left thumb patterns in controls (5%). The authors 
also suggested that dermatoglyphics might reflect disorders dur-
ing foetal development (22). The whorl (53%) was found as the 
most frequent fingerprint pattern and then the loop pattern with a 
frequency of 45%, they did not find any arch pattern in the group 
of diabetic patients (7). That contrasted with our results because 
we found the highest percentage in loops and then in whorls. 
Significant differences were observed in male and female groups 
of diabetic patients and controls in another study. In the study, it 
was also noted that whorls were significantly increased whereas 
loops and arches were decreased in T2DM groups compared to 
healthy controls (1), which also matches our present study.

The comparison of fingerprint patterns between the healthy 
subjects and diabetic patients did not confirm any association 
(p > 0.05). The authors reported a higher percentage of loop and 
whorl patterns in healthy subjects and a higher percentage of 
arch patterns in diabetic patients. Compared to our presented 
study there is a higher incidence of loop and whorl patterns in 
the T2DM patients’ group and the incidence of arch patterns is 
higher in the control subjects. In the study, they also compared 
fingerprint variability between male diabetic patients and healthy 
subjects. They found a significant association only on the right 
hand (p < 0.05) probably due to differences between loop and arch 
patterns between the male diabetic patients and control healthy 
subjects. Likewise, they found no association between the fin-
gerprint pattern and diabetes in both hands in comparing normal 
subjects and female diabetic patients. The study suggests that there 
is a higher possibility of developing diabetes in males with an 
arch pattern in the right hand (11). According to another research, 
a higher incidence in the occurrence of ulnar loops, simple and 
tented arches were reported in diabetic patients, but simple and 
spiral whorls were found more frequent in healthy controls (14). 
These results do not agree completely with our study where we 
found an equal incidence of ulnar loops in comparing both groups 
and tented arches were found higher in the control group. Only 
plain arches were highly present in diabetic patients compared to 
controls. In addition, even whorls were more frequently found in 
diabetic patients than in controls (14).

The fingerprint patterns showed no significant differences in 
ulnar loops, radial loops, and tented arches while plane arches of 
male T2DM patients increased significantly (p < 0.05) and whorls 
of male T2DM patients decreased significantly (p < 0.05) com-
pared with the group of healthy male controls (15). The reported 
research also compared the distribution of fingerprint patterns in 
female T2DM patients and healthy female controls and found a 
higher frequency of ulnar loops, radial loops, and plane arches in 
female diabetic patients while the whorls decreased significantly 
(p < 0.05). This is in concordance with our study where we found 
a higher frequency of plain arches (8.26%) in T2DM patients 
compared to healthy controls (5.40%). On the other hand, we 

found a lower frequency of whorl patterns in healthy controls 
(42.53%) compared to T2DM patients (59.95%). The study of 
dermatoglyphics is useful in the identification and investigation 
of various diseases based on variations in fingerprint patterns (15).

Several other studies were focused on the issue of derma-
toglyphic patterns in connection with a certain type of disease – 
especially congenital, genetically conditioned diseases. A certain 
correlation was demonstrated here not only in the fingerprints of 
dermatoglyphic patterns but also in the papillary patterns of the 
palm (23, 24). Statistically significant (p < 0.05) differences were 
shown in the high occurrence of whorls in a group of women 
with breast cancer (48.7%). It was also manifested in almost the 
same high percentage representation in a group of women with a 
high predisposition for breast cancer formation and development 
(47.4%). It contrasted with the control group (27.5%). Derma-
toglyphics can therefore play an important role in identifying 
women at increased risk for developing breast cancer, which can 
lead to earlier measures or contribute to faster initiation of therapy 
(23). In cancer patients, whirls occurred at a significantly higher 
frequency (40.53%) compared to the control group, especially on 
the ring finger and little finger of the right hand (p < 0.05) (24).

Statistically significant differences were also found in fre-
quencies of fingerprint patterns in relation to bronchial asthma 
(p < 0.05). In the group of patients with bronchial asthma was 
the incidence of ulnar loops higher (55.8%) compared to healthy 
controls (48.6%). On the contrary, the presence of arches was 
significantly lower in patients with bronchial asthma (5.4%) com-
pared to the control group (12.0%). Similarly, when comparing the 
occurrence of arches (A) and ulnar loops (Lu) between the given 
groups, significant differences were found (25). Some studies 
also reported strong statistical significance of the dermatoglyphic 
patterns in pulmonary tuberculosis patients (26), but some did not 
record significant results (27). Another dermatoglyphic study also 
investigated associations of fingerprint patterns with cardiovascu-
lar disease (e.g., myocardial infarction, ischaemic heart disease) 
without significant statistical dependence (28).

CONCLUSIONS

Dermatoglyphic patterns may be used as an additional screen-
ing and prevention tool with the potential to predict the expectance 
of T2DM. It can serve as a helpful and budget mechanism to select 
individuals from a larger population for further investigation to 
confirm the possibility of T2DM onset. Fingerprint patterns show 
relative similarity among close relatives, suggesting genetic deter-
mination, which may be helpful also in diagnosing and predicting 
hereditary diseases. The presented findings could be used for the 
early diagnosis and treatment of this disease based on further 
research. Subsequently, we propose a gradual pilot screening in 
cooperation with paediatricians (e.g., in the Prešov and Košice 
Regions). The newly acquired results in larger sets of probands 
will help to confirm the presented pilot testing data. The coopera-
tion with paediatricians will enable the implementation of these 
procedures, e.g., during preventive examinations of paediatric 
patients at the level of primary prevention. Early examination 
(even confirmation of the diagnosis) can reduce the prevalence of 
T2DM, and reduce its impact on the patient. Also, further studies 
should be carried out with larger samples of T2DM patients with 
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an emphasis on new findings regarding possible sex differences 
in association with fingerprint patterns and diabetes.
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