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Abstract

Background: Fingerprint patterns are roughly classified into 3 types loop, whorl, and arch. I noticed in the
previous study that the fingerprint ridge distribution is closely related to the vein distribution under the fingertip.
Therefore, in this study, I intended to prove the relationship between the deviation of fingerprint patterns and the
changes/fluctuation of factors relating to vascular formation.

Methods: The subcutaneous vascular distributions of each fingerprint type were observed using a monitoring
device, comprising an IR-CCD camera and a near-infrared LED lighting system. By reviewing the literature to date
regarding the dermatoglyphic ridge configurations and the vascular factor abnormality of individuals with various
diseases, diseases were classified into four groups: ulnar-loop type deviations, whorl type deviations, whorl and arch
type deviations, and arch type deviations.

Results: There was a close relationship between the fingerprint type and the subcutaneous vascular
distributions. The four groups of fingerprint type deviations were associated with abnormalities of VEGF, EPO, TNF-
α, and PDGF/PDGFR vascular factors, respectively.

Conclusions: I propose that the shape of the fingerprint is closely related to the subcutaneous vein distribution
andthe fingerprint type deviations are related to vascular factor abnormalities.

Keywords: Fingerprint; Blood vessel; Genetic disease; Vascular
factor; Angiogenesis

Introduction
Fingerprints are ridges wavy aligned at regular intervals on the

finger skin surface. They are formed by 10 weeks of gestation in the
fetal period and the pattern does not change over lifetime [1-3]. The
fingerprints of the palmar distal phalanges are classified based on their
pattern into the loop (ulnar and radial types), whorl, and arch types
[4]. Since the fingerprint ridge pattern differs among individuals,
fingerprints have been used for individual identification, over the
world, for more than 100 years [5,6]. In the early half of the 1900s,
studies on the distribution of fingerprints in ethnic groups were
actively performed in each country from anthropological viewpoints
[7-9].

In the middle of the 1900s-early 2000s, with the development of
genetic testing, many studies on the relationship between genetic
diseases and fingerprints were performed [10-27]. Although
fingerprint distributions, characteristic to ethnic groups and diseases
were reported, no attention was paid to these data because it was
unclear by what fingerprint patterns are controlled.

However, we recently observed the distribution of subcutaneous
veins in the distal phalanges of the fingers using a simple system
comprised of a near-infrared LED lighting device and an infrared CCD
camera and compared these with the ridge patterns, and noticed that
they were closely related [28]. In this study, firstly, I carefully observed

the thickness, distribution, location, and distribution density of
subcutaneous blood vessels under the loop, whorl, and arch pattern
ridges.

In addition, I searched for literature on abnormalities of
vasculogenic and angiogenic factors in diseases in which deviations of
the fingerprint distribution have been pointed out (particularly, genetic
diseases) [29-48]. Based on these findings, I discussed the association
between the deviated fingerprint distribution and abnormality of
factors involved in angiogenesis in each disease. It was suggested that
clarification of the association between the deviated fingerprint
distribution and abnormality of factors may lead to the assumption of
new abnormalities of vasculogenic and angiogenic factors involved in
diseases and clues to the discovery of a new developmental mechanism
of diseases previously not known to be associated with these
abnormalities of factors.

Materials and Methods

Materials
Fingerprint and subcutaneous vascular distribution patterns were

bilaterally investigated from the second to the fifth distal phalanges of
35 healthy adult male/female aged 25-73 years with no genetic diseases.
All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee, and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
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Observation and classification of fingerprints
A Power Shot Pro1 optical camera (Cannon, Tokyo) was used to

capture super macro photographs of fingerprint ridge patterns under
strobe lighting. Fingerprint patterns were then classified into loop
(ulnar and radial types), whorl (or annular), arch, or other types.

Observation of subcutaneous blood vessels in the distal
phalanges

Photographs of subcutaneous blood vessels distributed several
millimeters deep were acquired using a system incorporating the use of
a near-infrared output illuminator and an infrared CCD camera. The
850 nm wavelength near-infrared light used for lighting is readily
absorbed by blood hemoglobin, allowing the subcutaneous vascular
distribution to be observed as black outlines by the near-infrared CCD
camera.

A schematic of the acquisition system is shown in Figure 1, and its
details and experimental methods are described below. A near-infrared
output illuminator (wave length 850 nm, NISSIN ELECTRONIC Co.,
Ltd., Tokyo) was attached to the dorsal side of the distal phalanx of
each finger. Photographs were taken from the palmar side using an
infrared CCD camera (XC-E150, SONY, Japan) with an L6000 macro
lens (Edmund Optics Japan, Tokyo). The vascular distributions in the
acquired images were converted to gray scale for increased clarity.

Figure 1: Schematic diagram of the analytical method used for
observation of vascular distribution (The analytical system is
consisting of an IR-CCD camera and 850 nm LED illumination).

Literature review strategy
MEDLINE (PuMed) and Google scholar electronic databases were

used to search for articles published before December 2017, and total
38 articles were referred in order to clarify the relationship between the
fingerprint type deviations and the vascular factor abnormalities.

Results

Relationship between fingerprint patterns and subcutaneous
vascular distribution

Following investigation of subcutaneous vascular distributions in
the distal phalanges using a system incorporating a near-infrared
lighting device and an infrared CCD camera, vein distributions were
found to differ among the fingerprint pattern types. Representative
photographs of ridge distributions in the ulnar-loop, whorl, and arch
types, and subcutaneous vascular distributions are shown in Figure 2A.
Regarding the ulnar-loop, whorl, and arch types, the number of cases
was increased, and the characteristics of the vascular distributions were
determined.

In individuals with the ulnar-loop fingerprint pattern, veins on one
side extended toward the distal side compared with veins on the
contralateral side, and the distributions of venules and capillary blood
vessels in the proximal-distal axis were also asymmetric. On the other
hand, the whorl pattern type was typically characterized by
symmetrically distributed blood vessels in the proximal-distal axis, and
a collection of short veins near the first joint. Blood vessels were also
symmetrically distributed in the arch pattern type; however, there were
fewer bold veins, and a broad distribution of venules and capillary
blood vessels (Figure 2B).

Figure   2: Representative examples indicating the relationship
between the fingerprint ridge pattern and vein distribution, and
comparison of the vein distribution in ulnar-loop, whorl and arch
type fingertip patterns. (A) upper, fingerprint ridge; lower, vein
distribution. The white dashed lines indicate the fingerprint ridge
pattern; (B) The black solid lines indicate the main subcutaneous
blood vessels.

Relationship between fingerprint patterns, genetic diseases,
and vascular factor abnormalities

I began by reviewing the literature to date regarding the
dermatoglyphic ridge configurations of individuals with various
diseases. Diseases were then classified by type of deviations from the
standard appearance of the ulnar-loop, whorl, and arch type
fingerprint patterns in Table 1 [10-27]. Group I diseases were
associated with a high occurrence of deviations of the ulnar-loop
fingerprint pattern type, and Group II diseases were associated with a
high occurrence of deviations of the whorl and arch fingerprint pattern
type. Group II was further subdivided into: IIa, IIb, and IIc, in which
the occurrence of deviations from the whorl type, both the whorl and
arch types, the arch type, were common, respectively. Group I included
type 2 diabetes, Alzheimer’s disease, breast cancer, and trisomy 21
(Down’s syndrome), and activation of VEGF-related factors, such as
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increases in expression of vascular endothelial growth factor (VEGF)
and down-syndrome candidate region-1 (DSCR-1) which promotes
VEGF expression, were reported in common in these diseases.

In addition, changes/fluctuation of factors influencing blood vessel
formation, such as reduction of circulating angiogenic cells (CACs),
and reduction and aberration of breast cancer susceptibility gene
(BRCA), were reported. Group IIa included acute lymphocytic
leukemia, β-thalassemia, and myocardial infarction, and an increase in

erythropoietin (EPO) was confirmed in common in these diseases.
Group IIb included cerebral palsy, fragile X syndrome, and
Huntington’s disease, and an increase in tumor necrosis factor-α (TNF-
α) was reported in common in these diseases. Group IIc included
autism, epilepsy, and trisomy 18, and abnormalities of platelet-derived
growth factor (PDGF) and platelet-derived growth factor receptor A
(PDGFRA) were reported in common in these diseases [29-48].

Fingerprint Pattern
Refs Diseases Abnormalities of vascular factors

U-Loor R-loop Whorl Arch

I

↑ / ↓ / [10] Diabetes Mellitus Type 2 VEGF ↑ [29]

↑ / / / [11,12] Alzheimer's Diseases VEGF ↑[30], CACs ↓ [31], BRCA1 ↓ [32]

↑ / ↓ ↓ [13,14] Breast Cancer VEGF ↑[33] Loss of Heterozygosity in
BRCA 1,2 [34,35]

/ / / [15,16] Trisomy 21 (Down's
Syndrorne) DSCR-1 ↑ [36,37]

II

a.

↓ / ↓ [17] ALL

EPO ↑[38-41]
↓ / ↓ [18,19] Beta-thalasemia

↓ / ↓ [20] Myocardial Infarction

↓ / / [21] Congenital Cardiac Disease

b.

↓ [22] Cerebral Palsy

TNF-α ↑ [42-44]↓ [23] Frangile-X-Syndrome

↓ / [24] Hantington's Diseases

c.

/ / ↓ [25] Autism PDGF ↑ [35]

/ / ↓ [26] Epilepsy Abnormal PDGF and/or PDGFRalpha
[46,47]

↓ / / [27] Trisomy 18 PDGFRA promoter haplotypes [48]

Susceptibility Gene-1; DSCR-1: Down Syndrome Candidate Region-1; EPO: Erythropoetin; TNF-α: Tumor Necrosis Factor-α; PDGF: Platelet-Derived Growth Factor;
PDGFRA: Platelet-Derived Growth Factor Receptor A.

Table 1: Relationship between fingerprint patterns and genetic diseases associated with abnormal changes/fluctuation of vascular factors.

Discussion
When the subcutaneous vascular distributions in the distal

phalanges were observed and compared with the fingerprints using a
system combining a near-infrared lighting device and an infrared CCD
camera (Figure 1), the vein distribution differed among the fingerprint
patterns (Figure 2), suggesting the presence of a close relationship
between the fingerprints and subcutaneous vascular
distributions.Detailed examination of the positional relationship
between fingerprints and blood vessels further clarified the close
relationship between each other [28].

Although the specific influences of changes/fluctuation in
vasculogenic and angiogenic factors on fingerprint formation and their
details are unclear, there may be a close association between deviations
of the fingerprint distribution and changes/fluctuation in vasculogenic
and angiogenic factors. There previous reports on the deviated
fingerprint distributions in various diseases and reports on changes/

fluctuation of angiogenic factor were searched for and organized in
Table 1. An extensive literature review revealed that genetic diseases
associated with a high occurrence of deviations from the loop type
fingerprint patterns (Group I), were associated with increases in VEGF
and DSCR1 [29,30,33,36,37]. DSCR1 isoform 1 is VEGF activity-
enhancing factor [36], and VEGF gene expression is induced by
hypoxia, and plays a central role in angiogenesis [49]. Reduced CACs
and BRCA expression, and BRCA gene aberration have been reported
in Alzheimer’s disease [31,32]. CACs are the most basic material for
angiogenesis [50], and a recent study demonstrated that BRCA
interacts with ER-α to inhibit estrogen-induced VEGF expression and
secretion [51]. Reduced BRCA expression may induce the unbalanced
upregulation of VEGF, which may cause asymmetric distribution of
subcutaneous blood vessels in the loop type fingerprint pattern.
Diseases in Group IIa, associated with a high occurrence of deviations
in the whorl type fingerprint pattern, demonstrate increase in plasma
erythropoietin (EPO) concentration [38-41]. EPO is essential for
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erythropoiesis, and a recent study indicates that EPO, and its receptor,
also regulate Angiopoetin-1, involved in controlling angiogenesis [52].
An increase in plasma EPO concentration may induce the formation of
short and bold veins near the first joint of the finger. Diseases in Group
IIb, demonstrating a high occurrence of the whorl and arch type
fingerprint patterns, are associated with increased plasma TNF-α
concentration [42-44]. TNF-α promotes angiogenesis associated with
upregulation of VEGF and hypoxia-inducible factor-1α [53,54].

An increase in plasma TNF-α concentration may induce the
distribution of short bold veins and an increase in capillary blood
vessels. Diseases in Group IIc, marked by the high occurrence of arch
type fingerprint patterns, were associated with reports of abnormally
high PDGF expression in autism patients [45], and abnormal PDGF
and PDGFR expression in epilepsy and trisomy 18 [46-48]. PDGF
indicates the high-affinity with VEGR [55], and indirectly stimulates
capillary blood vessel formation in vitro [56,57]. Abnormal PDGF or
PDGFR expression may induce an increase in capillary blood vessels in
substitution for bold veins. From these results, it is assumed that
dermatoglyphic ridge configuration is closely related to changes/
fluctuations in the expression of angiogenesis-related factors. The
association between the deviations of the standard fingerprint patterns
and abnormalities of vasculogenic and angiogenic factors in several
genetic diseases may provide a novel biomarker for the screening of
risk for developing genetic diseases in later life.
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