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Objective. Intrauterine sex hormone environment as indicated by the second to the fourth digit ratio (2D :4D) can be associated
with cancer risk. This systematic review and meta-analysis aimed to evaluate the association of 2D :4D with cancer diagnosis,
malignancy, and age at presentation. Methods. Studies that evaluated the association of 2D :4D with cancer risk were collected
from Pubmed/MEDLINE and Clarivate Analytics databases. Nineteen studies were included in the qualitative analysis. Results.
The 2D :4D ratio was studied in prostate cancer, breast cancer, testicular cancer, gastric cancer, oral cancer, brain tumors, and
cervical intraepithelial neoplasia. Low 2D :4D was associated with prostate cancer, gastric cancer, and brain tumors, while high
2D :4D, with breast cancer risk and cervical dysplasia. The 2D :4D ratio was not associated with prostate, breast, and gastric
cancer stage. Greater 2D :4D ratio was associated with younger presentation of breast cancer and brain tumors. The meta-
analyses demonstrated that testicular cancer was not associated with right-hand 2D :4D ratio (p =0.74) and gastric cancer was
not associated with right-hand (p =0.15) and left-hand (p = 0.95) 2D :4D ratio. Conclusions. Sex hormone environment during
early development is associated with cancer risk later in life. Further studies exploring the link between intrauterine hormone

environment and cancer risk are encouraged.

1. Introduction

Cancer remains among the leading causes of death and dis-
ability worldwide [1]. Global burden of cancer will continue
to grow due to increasing age of expanding population [2].
Early detection of cancer is critical for optimized treatment
outcomes and patient prognosis. Therefore, early identifi-
cation of individuals at elevated cancer risk will become
increasingly important for guiding targeted screening
interventions and early diagnosis [3].

Epidemiologic, clinical, and experimental research find-
ings strongly suggest that reproductive hormones have an
important role in oncogenesis and progression of breast can-
cer, prostate cancer, and testicular cancer [4, 5]. There is an
increasing recognition that events and environment (includ-
ing hormones) during in utero period when organs are still
developing can increase cancer risk later in life [6, 7]. The
ratio of the lengths of the index (2D) and ring (4D) fingers
(2D: 4D ratio) is a proposed biomarker for prenatal sex hor-
mone (testosterone and estrogen) exposure [8]. Sex steroids

modulate digit development during a narrow developmental
window via androgen and estrogen receptors which are
expressed in fetal cartilaginous tissues [9]. The 2D :4D ratio
is established during in utero period and is a stable signature
of prenatal sex steroid exposure throughout life. Lower
2D :4D ratio is associated with greater prenatal testosterone
and lower estrogen exposure, and it has tendency to be higher
in women [10]. Interest and number of research studies using
the 2D :4D ratio as a proxy of disrupted endocrine signaling
during early development stages and its health implications
are constantly rising [11]. Available evidence suggests that
the 2D :4D ratio is associated with behavioral, developmen-
tal, and somatic disorders and can have important health
implications [12, 13]. It was hypothesized that the 2D:4D
ratio may be of value in the diagnosis and prognosis of sex-
dependent cancers. However, to date, there are no studies,
systematic reviews, and meta-analyses of the available
research linking the 2D :4D ratio with the risk to develop
cancer and with cancer malignancy [14]. Identification of
2D:4D as cancer risk factor could potentially contribute
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towards earlier cancer diagnosis via targeted screening
interventions of individuals who are at elevated cancer risk.

This systematic review and meta-analysis aim to evaluate
the association of 2D:4D ratio with cancer diagnosis and
tumor malignancy.

2. Methods

The review was implemented in accordance with the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement, and meta-analysis was
performed according to the MOOSE group guidelines of
observational meta-analyses [15].

2.1. Data Sources and Search Strategy. The systematic review
was performed on July 16, 2017, to identify all available
published studies that evaluated the association of the
2D:4D ratio with cancer risk and cancer malignancy.
Articles were identified from the Pubmed/MEDLINE and
Clarivate Analytics databases using relevant keywords (mesh
vocabulary and free text terms): “digit ratio,” “2D:4D” and
“cancer,” “tumor.” There were no restrictions to country of
origin and publication date. Only original research papers
performed in humans and with their abstracts or full texts
available in English were considered for the review. Review
papers, case reports, commentaries, editorials, and meeting
abstracts were not included in the analysis. References of
identified papers were reviewed for other relevant papers.
Authors of unpublished data were not contacted.

2.2. Study Selection and Data Extraction. Initial literature
analysis was performed by reviewing titles and abstracts of
identified papers. Case-control and prospective cohort
studies were included in the analyses if they (1) compared
the 2D :4D ratio in cancer patients versus control subjects,
(2) investigated the association of 2D :4D ratio with cancer
malignancy and/or age at presentation, or (3) evaluated
long-term cancer risk as a function of 2D :4D ratio.

Relevant articles were extracted and subjected to full-text
analyses. Selected articles were reviewed, and the following
variables were extracted from the full text and/or abstracts
of each paper: year and country of publication, cancer type,
presence of control subjects, number of patients and controls
studied, association of 2D:4D ratio, and Dr-1 with cancer
and cancer malignancy/grade. The methodological quality
of studies was evaluated according to the Newcastle-Ottawa
Scale checklist for observational studies [16].

2.3. Statistical Analysis. Revman 5.3 software (The Cochrane
Collaboration, Oxford, UK) was used for meta-analyses.
Only cross-sectional studies that compared 2D:4D ratios
of both or one hand in cancer patients versus control sub-
jects were included in the meta-analysis. Meta-analyses
were performed separately for each cancer type and each
hand (right and left). Only cancer types with more than
one independent study investigating the association
between 2D:4D ratio and cancer were considered for
meta-analyses. Analyses were performed separately for
each cancer type. Data is presented using standard mean
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difference (SMD) and its 95% CI. Heterogeneity was eval-
uated by the I* statistic.

3. Results

3.1. Qualitative Review. Sixty-seven articles were identified
during literature search (Figure 1). Screening of titles and
abstracts results in exclusion of 38 studies, and 29 articles
were selected for full-text review. Subsequently, 11 studies
were excluded and 18 studies were included in the qualitative
analysis (Table 1). Papers of the selected studies were
published between 2010 and 2016. The number of cases in
case-control and cross-sectional studies ranged from 25
[17] to 1524 [18] patients. The 2D:4D ratio was studied
in patients with prostate cancer (9 studies), breast cancer
(2 studies), testicular cancer (2 studies), gastric cancer (2
studies), oral cancer (1 study), brain tumors (1 study),
and cervical dysplasia (1 study).

3.2. Prostate Cancer. The 2D :4D ratio has received the most
attention in prostate cancer patients with a total of 8 case-
control or cross-sectional studies (n=4128 patients) and
one prospective cohort study (n = 6458 men from commu-
nity sample) [19] (Table 1). The majority of selected studies
reported that prostate cancer was associated with lower
2D:4D ratio [18, 20-22], while two groups did not find an
association of 2D:4D ratio with prostate cancer [23] or
reported that greater 2D:4D ratio was associated with
prostate cancer [24].

A case-control study in 100 prostate cancer patients and
100 control subjects found that 2D:4D ratio was lower in
prostate cancer patients when compared to healthy controls
[20]. Similarly, a study from UK that included 1524 prostate
cancer cases and 3044 controls found that prostate cancer
patients were less likely to select pictures with index finger
longer than ring finger (high 2D :4D ratio) from a series of
pictures provided via postal survey [18]. Two studies from
Korea that prospectively included a total of 1136 men aged
40 or older presenting with a PSA level of <40ng/ml [22]
and with lower urinary tract symptoms [21] found that
2D:4D ratio of <0.95 was associated with greater pros-
tate cancer detection rate. Findings from the prospective
Melbourne Collaborative Cohort Study with a median of
16 years of follow-up suggested that higher 2D : 4D might be
associated with decreased prostate cancer risk before 60 years
of age [19]. On the other hand, a smaller study from Spain in
220 patient referred for transrectal biopsy for suspected
prostate cancer reported that 2D :4D of >0.95 was related
to prostate neoplasia [24]. A study from Brazil in 474 men
older than 40 years of age found that 2D:4D ratios were
similar between prostate cancer patients and individuals at
high and at low risk for prostate cancer [23].

The majority of studies did not find an association of
2D :4D ratio with Gleason score, metastatic status, and fam-
ily history of prostate cancer [20, 25, 26] with the exception
of one study that found inverse relationship of 2D : 4D ratio
with core cancer volume and biopsy cores with high Gleason
score in a study of 408 positive biopsy cores [21].
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F1GURE 1: Flow chart of study selection.

3.3. Breast Cancer. Two studies reported that the presence of
breast cancer and earlier age at diagnosis were associated
with greater 2D:4D ratio. A study from China in 109
breast cancer patients and 109 controls found that right
and left-hand 2D:4D ratios were higher in breast cancer
patients and correlated negatively with age at disease pre-
sentation [27]. The Melbourne Collaborative Cohort Study
that followed 9044 women for a median of 16 years found
that breast cancer risk was directly associated with left
2D:4D ratio and inversely with Dr-I, but not with right
2D:4D ratio [28]. Greater right 2D :4D and Dr-1 were also
associated with younger age at breast cancer diagnosis.

3.4. Testicular Cancer. The association of 2D :4D ratio with
testicular germ cell tumors was examined in two studies with
a combined sample size 317 patients [29, 30]. Both studies
found that 2D :4D ratio was similar between cancer patients
and controls.

3.5. Gastric Cancer. Two studies addressed the potential
association of 2D :4D ratio with gastric cancer and reported
opposite findings. A study from Brazil in 57 patients with
gastric cancer and 59 controls found that right-hand
2D:4D ratio was greater and Dr-1 was lower in cancer
patients [31]. On the other hand, a study from China found
that right and left-hand 2D : 4D ratios were lower in 94 male

patients with gastric cancer relative to 91 controls [32]. In
both studies, the 2D :4D ratio was not associated with cancer
staging, tumor size (T), regional lymph node involvement
(N), or distant metastases (M).

3.6. Oral Cancer. A study in 25 oral squamous cell carcinoma
patients, 25 individuals with oral premalignant lesions, and
25 controls found that 2D : 4D ratio was greater in males with
oral squamous cell carcinoma when compared to males with
oral premalignant lesions and controls [17].

3.7. Brain Tumors. A study that included 85 patients with
brain tumors, including meningioma, glioblastoma, pitui-
tary adenoma, and low-grade glioma found that right
and left-hand 2D:4D ratios were lower in brain tumor
patients than control subjects [33]. Greater left 2D:4D
ratio and lesser Dr-1 were associated with younger age
at presentation.

3.8. Cervical Intraepithelial Neoplasia. A study from the
United Kingdom in 90 adolescents and 240 nonadolescents
stratified by the human papillomavirus (HPV) status and
presence of cervical intraepithelial neoplasia (CIN) found
that women with any degree of cervical dysplasia were
significantly more likely to have a higher 2D :4D ratio when
compared with women who were HPV-negative [34]. There



sdnoi3 om) 9y usaMmIaq JULISPIP JOU 1M [-I(] PUe (0% : (AT

Disease Markers

S[01U0D 7] pue sjusned 1ooued IO 1/ dueI] +[0€] 0107 oyoeysny pue w3ny  (¢1)
YSLI JouwIny [[o0 Wiiag Je[nonsa) Yirm .
POTEIDOSSE J0U 210 [-1] PUE T : I 9] PUe 1Yn S[o1u0d 9¢¢ pue syuaned rowmn) (o0 WL JBMONSA) 9F7 vsSn 621 €107 “Te 39 119qe1 L, (1)
120UD) ADINI1YSa],
stsouSerp Jooued jsearq je afe [YIm
PareIdosse A[osIoAUr d1oM [-I(] PUe (I : (I STy
YSLI 190UeD JSB2Iq 0} PaJe[aI Jou Sem (JF: (T YN opdwres Ayrunwuiod WoIj USWOM FH06 erensny [82] T10T “Te 19 Io[MIA (17)
MSLI 190UED JSBIq YIIM PIRIDOSSE
A[oszoaut sem [-1(] pue Apanisod sem qF: 7 YoT
uonejuasaid aseastp je a8e ym Apanedou
paje[arIod ([-1(T 30U INq) % : (I Y[ pue 1ySry S[o1U0d 60T pue sjuaned Jooued JseaIq 601 BUTYD [22] ¥10T “Te 30 Suoyg (o1)
sjonuod ueyy sjuened ur ydry sem ¥ : (U7 YOI pue 1Sty
A0UVI ISV
(041 = ) 190uED 23e3501d 10 MSLI MO[ pUe
sdno1d 211 oY) U2IMIAq JUSIIPIP 10U SeM (% : (IC {(z8 = u) 100ued 23e)s01d J0F NsuI Y31y (77T = 1) [izexg [€2] ¥10T “Te 32 oewoes 6)
190Ued 983s01d YIIMm :p[o sIeL OF < oW F/F
Asdorq uo 120ued ayeysoxd aaey 03 swojdw4s yoexny Areurnm ramof 1oy Sunjuasaxd
.g . . 1 < i L 210 [c2] T10T “Te 32 Sun( (8)
AJoNI] 210W 210M G6°0 > (OF - 0T UM Sjudned [w/Su 0F S [2A9] VSd © YIIM USW PJo sIedk 0F < 99¢
Ysu1 190ued 3je)soxd s[onyuod paseq-uonendod .
JOMO] UM PAJRIDOSSE SEM (T : (1T IS YSIH PHOE pue sases 10oues aeysoxd Hzg| AN [8T] TT0T “Te 32 uewrqey 2
09 > a3e 10y 190UED 9)eIs01d JO NSII pue (IF: T
{[99A1}9q UOHFIO0SSY ISIDAUL UM © SEM 919U L ordures {yrunwrurod woiy uawr BI[RIISN “Te 39 I3[
syuedronred [[e ut Ysu1 190uUeRd I i J 859 frensny [61] TT0T 1232 22N ©)
ajeys01d YIIm pajemosse Jou sem (¥ : (0T
2105 uOsER[H 1yBiy pue sunjoa swojdwifs joe1) Areurn 1omo[ YIm pajuasaid
JI9OUED 210D 19)B2I3 PUE dJeI UOTJO)P JIOUED BIIOY [12] T10T “T* 32 YO (%)
) ) JBY) IOP[O IO SIedL () pade USW 2ATINDASUOD ()//,
1oyS1y yim pajedosse sem 660 > A¥ : AT ISR
sisouderp Je oSe 10 ‘A103S1Y A[IUre] 9100 UOSLID)
‘SISEISEIOW JO 20UsaId 0] paje[ar Jou sem (% : (1T
19oUed 9)8)s01d YJIM USW UeISEONE)) syuanjed 19oued Jeysoxd ger vsSn [S2] €107 “Te 10 s123e M ¥)
Uy} (JF : (J7 MO[ 2ALY 0) A[OMI] 210 SAWIT) (/'€
2I9M 190UeD 918)501d UM USW UBDLIDW Y -URILY
(7% =4g0) eisejdoau 03 paje[ar sem 56°0 < dv: AT £sdorq aye3s01d SuroS1opun syuaned $0z uredg [¥2] 2107 “Te 10 ZnID)-eDIRD (€)
SNJE)S ONBISBIW JO ‘A103STY A[TUre; .
91025 UOSEA[E) 0} PIYII 10U SeM. (TF * (I syuaryed 1ooued ayeysoxd 7GE VSN [92] 910T “Te 12 u,01S (2)
9100S UOSEI[D) YIM 9J[21I00 JOU PIP (I%: (T
sdnoid usamiaq JuaIagIp 10U Sem -1 .
S[OIJUO0 0} SAIC[AI SJUITIE d 195ues S[enpIATpur \E:mus 00T pue syuaned 1eoued ajeysord 001 [izexg [0Z] 910T “Te 12 sapudy (1)
ajesoxd ur Jomo[ a1oM (TF : 07 oI pue Sy
492UV 2DIS0LJ
s3urpuy JofejA (s) az1s oydureg Anunon) Anunoo/sioyny

'SIIPNIS PapN[OUI Y3 JO SONSLId)ORIRD) ] HTAV ],



Disease Markers

“SISA[eUR-RJ2W 3y} UL PAPNOUL SIIPNYS [01UOI-SBY),,

uondayul AJH Judlsisiod
IIM ORI (OF : (I 19YSIY JO UOTJRIO0SSE
31} 10J PUAI) JUBDYTUSISUOU SEM JI],
uowom aanedau- AJH
M pareduroo woym ¥ : g 1YSIY

® 9A®Y] 0] AJoYI] 210U A[JUeOYTUSIS 91oM
erse[dsAp [e214190 Jo 92139p Aue )M USWO A
Tedwss [BUWLIOU [[JIM USWUOM dAIeSaU- A JH pUe

aATyIs0d- A JH 10J Te[ruils sem onjer 0% : ¢

(€9=4) €/T NID
{(ze =u) 1 (NID) eisejdoau [erpoyidsenur eo1a1a
(8% = u) Teaws fewzou 9AnyIsod- A JH (07T = ) Teawus
[eurtou ‘0aneSou (AJH) sniaewoyded uewnyy

visvjdoau [pyayidovigul (014D

wopSury paun

[#€] 8007 “Te 32 uIqeIg

(81)

-1 ym Appanisod pue 0F: ¢
1397 YIm AjpaneSou pajep110o uonejuasard
je a8e ‘syuaned ewor3 pue eworduruow Uy
S[013U0D 0} 2ATJE[aI syuanjed rowmn)
ureIq ur Jamo[ d1oM (¥ : (I YOI pue 1ySry

sjonuod 901 pue syuaned (ewouspe Areymiid
pue ‘eworuruowr ‘ewor]3) rowny ureiq Arewrid ¢g

Aowiny uiig

eTURNYII

[£€] 9107 “Te 30 snAdUNYg

(L1)

STOTU0D pue suorsa] Jueudieuraid
[BIO [)IM SSTRW UT UBT]) BUIOUIDILD [[30
snowrenbs [e1o yym safeur ur oydy sem ¥ : (¢

STOT)U0D G7 pue ‘SuoTsa] Jueudieward [ero yim
S[enpIAIpur ¢z ‘syuaned ewourdIed [[90 snowenbs [e1o 67

420UV VIO

[zexg

[£1] 1107 @810( pue ddoyg

(91)

SEWOUIDILIOUIPE YIIM PIJRIDOSSE SeM [-I(] MO
SISB)SLIDW JUB)SIP 10
quowaAjoaur apou ydwA| [euordar 9zis rowmny
‘GurSe)s 100Ued YIIM 21R[21I0D 10U PIP 0% : 0T
S[ONU0D 0 dATIe[aI sjuaTied
ur Jomo[ sem [-IJ pue 1oySIy sem (¥ g YOI
josu0 jo ade pue
‘59SB)SLJOW JUBISIP IO JUSWIA[OAUT dpou ydwk]
€971S JOWIN) [JIM PIJBIDOSSE JOU SEM OTJRI (JF : (0T
sfonuod uey syuaned 10ued
onsed ur 1oMo[ a1oM SO : (I W[ pue 1Sy

S[O1U0D GG pue J1oued drnsed yym syuaned /g

S[O1JU0D 6 pue Jooued dLsed yIm syuaned oew ¢

490UDI I3143SVE)

[izeig

euryD

J[1€] €107 “Te 30 ddoy

[2€] 910T “Te 32 Buays

(s1)

(1)

s3urpuy Jolej

(s) az1s oydureg

Anunon

Anunoo/soyny

‘panunuoy) :] 414V],



Disease Markers

Testicular cancer Control

Study or subgroup

Mean SD Total Mean SD Total

Std. mean difference
1V, random, 95% CI

Std. mean difference
IV, random, 95% CI

Trabert et al., 2013 (right hand) 0.953 0.03 71

Auger and eustache, 2010 (right hand) 0.995 0.072 246 0.988 0.069 236 55.6%

Total (95% CI) 317
Heterogeneity: 7%= 0.05; 2 =4.07, df =1 (p = 0.04) ; *=75%
Test for overall effect: Z=10.33 (p =0.74)

0.961 0.032 122 44.4%

—0.25 (- 0.55, 0.04) = _'.
—0.10 (- 0.08, 0.28)
358 100.0% —0.06 (- 0.40, 0.29) ——
-1 -05 0 0.5 1

Favours (eperimental) Favours (control)

FIGURE 2: The association of the right-hand 2D:

4D ratio and testicular cancer.

Study or suberou Gastric cancer Control Weicht Std. mean difference Std. mean difference
¥ sroup Mean SD Total Mean SD Total & IV, random, 95%Cl IV, random, 95%Cl
4.2.1Right hand 2D:4D ratio
Hopp et al., 2013 (right hand) 0.956 0.04 57 0959 0.05 59 243% -0.07 (-0.43,0.30) _
Sheng et al,, 2016 (right hand) 0.948 0.038 94 0.962 0.022 91 258% —0.45(-0.74,-0.16) -
Subtotal (95% CI) 151 150 50.1% —0.27 (-0.65, 0.10)
Heterogeneity: 72 = 0.04; y> =2.57, df =1 (p=0.11) ; ? = 61%
Test for overall effect: Z=1.43 (p =0.15)
4.2.2 Left-hand 2D:4D ratio
I
Hong et al., 2014 (left hand) 0968 0.04 57 0948 0.04 59 242% 0.50 (0.13, 0.87) -
Shengetal, 2016 (left hand) ~ 0.946 0.036 94 0963 0.024 91 257% —0.55(~0.85, -0.26) —
Subtotal (95% Cl) 151 150 49.9%  —0.03 (~1.06, 0.99)
Heterogeneity: 72 = 0.52; y*> = 18.93, df = 1 (p < 0.001) ; I = 95%
Test for overall effect: Z=0.06 (p = 0.95) ’
Total (95% CI) 302 300 100.0% —0.15(-0.60,0.29) T T T 1

Heterogeneity: 72 = 0.18; y* = 22.34, df = 3 (p < 0.0001); I> = 87%
Test for overall effects: Z=0.67 (p =0.50)
Test for subgroup differences: y*>=0.18, df=1 (p=0.67), > = 0%

-2 -1 0 1 2

Favours (experimental)  Favours (control)

F1GURE 3: The association of the right-hand and left-hand 2D : 4D ratio with gastric cancer.

TaBLE 2: Newcastle-Ottawa scale table of case-control studies included in meta-analysis.

Selection Comparability Measurement Total
Trabert et al., 2013 [29] 4 2 0 6
Auger and Eustache, 2010 [30] 4 0 1 5
Sheng et al., 2016 [32] 4 0 1 5
Hopp et al., 2013 [31] 4 2 1 7

was nonsignificant trend for the association of higher 2D : 4D
ratio with persistent HPV infection. The 2D :4D ratio was
similar for HPV-positive and HPV-negative women with
normal smears.

3.9. Meta-Analysis. Four independent cross-sectional studies
that compared right and/or left-hand 2D : 4D ratios in cancer
patients versus control subjects were included in the meta-
analysis. The studies eligible for the meta-analysis included
patients with testicular cancer (two studies; 563 patient and
594 control hands; Figure 2) and gastric cancer (2 studies;
302 patient and 300 control hands; Figure 3) (Table 1). The
study quality was adequate (Table 2). Due to high hetero-
geneity (I°>61%), a random effect model was used. The
meta-analyses demonstrated that right-hand 2D:4D ratio
was not different between testicular cancer patients and
controls (p =0.74; Figure 2). Right-hand 2D:4D ratio and

left-hand 2D : 4D ratio were also similar between gastric can-
cer patients and control individuals (p=0.15 and p =0.95,
respectively; Figure 3).

4. Discussion

Systematic review and meta-analysis suggest that sex
hormone uterine environment can encode susceptibility
to develop certain cancers later in life. Specifically, low
2D:4D was associated with prostate cancer and brain
tumors, while high 2D :4D was associated with breast can-
cer and cervical dysplasia. Testicular cancer, gastric cancer,
and oral cancer were not associated with 2D:4D. The
2D:4D ratio was not associated with prostate cancer,
breast cancer, and gastric cancer stage. Greater 2D :4D ratio
was associated with younger age of breast cancer and brain
tumor diagnosis.
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The present study suggests that high prenatal testoster-
one and low estrogen exposure (i.e., lower 2D :4D ratio) are
associated with prostate cancer and brain tumors risk, while
low testosterone and high estrogen exposure (i.e., high
2D :4D), with breast cancer and cervical dysplasia. Low right
and left 2D :4D ratio was associated with gastric cancer in
Chinese men [32], while another study in men and
women from Brazil found the opposite association, that
is, left-hand 2D:4D ratio was higher in gastric cancer
patients relative to controls [31]. The meta-analysis of both
studies showed no association between right/left 2D:4D
ratio with gastric cancer. These findings suggest that sex
hormone environment during early developmental period
can encode the risk to develop certain cancers later in life;
therefore, biological mechanisms underlying the observed
associations warrant further research. Digit development is
regulated by activity of 19 skeletogenic genes with estrogen
with testosterone regulating their expression in the opposite
directions [9]. Importantly, some of these genes were also
strongly implicated in the development and progression of
cancer. Specifically, the Wnt5 and Sox2 genes were impli-
cated in the digit development but also in oncogenesis of
breast cancer, prostate cancer, gliomas, and gastric cancer
[35, 36]. Furthermore, the activity of some of these genes that
play a role in digit development and cancer is regulated by
sex steroids also in extraskeletal tissues [9]. For example,
sex steroids modulate the Wnt pathway gene expression
during early development stages of prostate gland [37] and
brain [38]. These observations suggest that balanced uterine
environment of estrogen and testosterone concentrations
can be important for balanced oncogenesis-related gene
activity in extraskeletal tissues. Further studies exploring
the association between in utero hormonal environment
with cancer-related gene activity could potentially aid in
identifying biological mechanisms predisposing to cancer
development later in life.

In the majority of the reviewed studies, the digit ratio was
not associated with indexes of breast cancer and prostate
cancer malignancy. These findings suggest that while intra-
natal hormonal environment can trigger the development
of certain cancers, once the cancer develops, its behavior is
independent from early-stage hormonal environment. There
were a few attempts to study the association of 2D :4D ratio
with prostate cancer treatment response and prognosis. A
recent study in 382 prostate cancer patients receiving hor-
mone therapy found that greater 2D : 4D ratio was associated
with reduced risk of cancer progression and cancer-specific
mortality [39]. Others also found that high 2D:4D ratio
was associated with better response to dutasteride treatment
[40]. Furthermore, it is well-documented that 2D :4D ratio
is associated with behavioral and emotional problems that
can impair prognosis of cancer patients. Towards this end,
turther studies exploring the association of 2D : 4D ratio with
cancer prognosis are encouraged since hormonal signatures
can potentially be used to improve prognostic accuracy and
to guide treatment of cancer patients.

The association between 2D:4D ratio and cancer risk
suggests that in the future, this simple to use and reliable
measure can potentially be used to identify patients at

elevated risk for cancer. It remains to be seen if 2D : 4D ratio
can have potential clinical implications for selecting patients
for targeted screening interventions. It would be interesting
to see if assessment of 2D : 4D ratio adds additional prognos-
tic value above and beyond already established clinical and
molecular cancer risk factors that are currently used for
screening guidance.

Assessment methods of 2D:4D ratio were different
between studies and included caliper method [30], digit
photograph analysis [33], self-reported measurement [29],
and self-reporting using a series of pictures [18]. Studies
examining the most reliable 2D:4D assessment methods
have shown that intraobserver and interobserver reliability
was the greatest for computer-assisted techniques, followed
by photocopies, physical measurements, and printed scans
[41]. However, indirect 2D :4D ratio measurement methods
tend to distort 2D:4D ratio downwards and this effect is
sex dependent, such that it is the greatest in males relative
to females (for detailed discussion on this issue, please see a
recent review by Ribeiro et al. [42]). Further research studies
advising the most optimal 2D:4D measurement methods
are encouraged.

The study has limitations. Firstly, meta-analyses were
not performed for the majority of cancers due to lack of
independent studies; thus, further studies in independent
sample of patients aiming to replicate identified associations
are encouraged. The number of studies and sample sizes
were small of the studies included in the meta-analyses;
therefore, meta-analyses were underpowered. Due to meth-
odological heterogeneity across studies in terms of 2D:4D
ratio, measurement and outcome assessment qualitative
analysis of included studies was performed. Also, although
meta-analyses were performed separately for each cancer
diagnosis, studies were heterogeneous in sample size, demo-
graphic characteristic, and age. Finally, results are at risk for
publication bias because two studies that were presented in
meeting abstracts were not identified.

5. Conclusions

Sex hormone environment during early development is
associated with cancer risk later in life. High prenatal
testosterone and low estrogen exposure (i.e., low 2D:4D
ratio) are associated with prostate cancer, gastric cancer,
and brain tumors risk, while low testosterone and high
estrogen exposure (i.e., high 2D:4D), with breast cancer
and cervical dysplasia. The 2D:4D ratio is not associated
with testicular cancer, breast cancer, and gastric cancer stage.
Greater 2D :4D ratio is associated with younger age of breast
cancer and brain tumor diagnosis. Further studies exploring
the association of 2D:4D ratio in cancer prognosis and
treatment response are encouraged.
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