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BSTRACT

Background: The differences in digit ratio are proposed to arise due to differential effects of sex steroids on the growth
of finger bones. In this study, we sought to examine the sex differences and the influence of family history of psychosis
on digit ratio in patients with schizophrenia compared to matched healthy controls (HCs). Materials and Methods: Digit
ratio (2D: 4D) was examined for a large sample of schizophrenia patients (1=200) and HC (n=177) to evaluate the potential
effects of family history. Results: The right hand 2D: 4D digit ratio was lesser in schizophrenia patients compared to
HC (0.97£0.05 vs 0.98+0.04, t=2.2, P=0.02). There was a significant difference in the right hand 2D: 4D digit ratio of
female patients with schizophrenia when compared to female HCs (0.9610.05 vs 0.98%+0.03, t=2.1, P=0.03) while males
showed no such difference on either hands. On the contrary, family history-positive males showed a significantly greater
digit ratio for the left hand (FH present (0.9940.04) vs HC (0.97£0.04), t=2.15, P=0.03), while there was no difference
between family history-positive females and HC. Conclusion: Overall, in patients, reversal of expected “directionality” in
digit ratio was observed in our study with greater left 2D: 4D in male patients having a family history of schizophrenia
being a novel finding. Reversal of sexual dimorphism has been linked to the pathogenesis of schizophrenia. It is possible

that such reversal might have a putative genetic basis, perhaps only in men with schizophrenia.
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INTRODUCTION

Schizophrenia is considered as a neurodevelopmental
disorder and various somatic markers of aberrant
neurodevelopment have been described in literature.!"! It
is currently conceptualized that the pathophysiological
mechanism of this condition is a delicate interplay
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between the genetic and environmental factors which
shape the phenotype.l?) Prenatal endocrinal influence
as a putative explanation for the pathogenesis of
schizophrenia has been described.?! It is important, in
this context, to examine the reliable external biological
markers which have link to the hormonal system to
gain better understanding of the mechanisms behind
neurodevelopmental pathology of schizophrenia. In this
regard, one of the important markers is alteration in digit
ratio.l¥) Digit ratio is defined as the ratio of second digit
length to fourth digit length (2D:4D). It is established
by approximately week 14 of fetal development,
remains relatively stable throughout adult life, and can
be observed in both hands.! The typical pattern in
men is shorter index finger than ring finger (“masculine
pattern”); whereas in women, both fingers are more
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often close to equal length (“feminine pattern”). These
sex differences in digit ratio are proposed to arise due
to differential effects of sex steroids on the growth of
finger bones. The intrauterine testosterone promotes
the growth of the fourth digit, while estrogen promotes
the growth of the second digit.l° In this regard, lesser
2D: 4D and greater levels of fetal testosterone relative
to fetal estrogen, and greater 2D: 4D with lesser fetal
testosterone relative to fetal estrogen go hand in hand.!”)

Prenatal testosterone influences the neural mechanisms
responsible for social and communicative behavior and in
this context, digit ratio abnormalities have been examined
in different psychiatric disorders,'® including addiction,
personality attributes,’ schizophrenia,!*!”! and eating
disorders.!'") Both men and women with schizophrenia
showed a more “feminine” phenotype in both hands
than same-sex controls.'?! In contrast, a gender difference
in digit ratio abnormalities has been reported with
female subjects displaying this neurodevelopmental
marker.*"*! In addition, 2D:4D asymmetry index was
significantly lesser in male schizophrenia patients than
male healthy controls (HCs) in a recent study from
our group.*) The neurodevelopmental abnormalities
including digit ratio anomalies are considered to be
the result of combined effect of physiological insults
which occur during the intrauterine fetal development
like viral infections, environmental toxins, nutritional
compromise, etc., and genetically mediated resistance
to stress or the presence of disease genes!'*!¢ suggesting
a “two hit” hypothesis. Studies which looked into the
model of inheritance in schizophrenia have found no
single gene with major effect and supported the concept
of a more obscure nature of inheritance than Mendelian
model.l'”] In such a case, some of the possible genetic
mechanisms would include mitochondrial inheritance,
genomic imprinting, and X-linked transmission.!"8! It is
postulated that this effect is mediated through these sex
hormones’ differential action on the Homeobox genes!'”!
and this aspect may suggest a possibility that family
history/genetic loading may play an important role.
We hypothesized that there could be sex dimorphism
in the digit ratio in schizophrenia. In addition, we also
speculated that family loading of psychosis could be an
important determinant of expression of this marker. In
this study, we sought to examine the sex differences of
digit ratio in patients with schizophrenia compared to
age- and sex-matched HCs in addition to examining the
influence of family history of psychosis on digit ratio.

MATERIALS AND METHODS

Schizophrenia (DSM-IV) patients (N=200) who
presented to the clinical services of the National institute
of Mental Health and Neurosciences (NIMHANS),
Bangalore, were recruited after informed consent for the
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study. The study was approved by the institute ethics
committee of NIMHANS. The selection of subjects
involved sampling during a period of 18 months ranging
from March 2008 to September 2009. Diagnosis of
schizophrenia was established using MINI Plus.!>
A detailed elicitation of family history with the help
of Family Interview for Genetic Studies (FIGS)!
was done, specifically exploring for schizophrenia
or schizophrenia spectrum conditions in the first
degree relatives. Using the available information, if
non-affective psychosis was present in first degree
relatives but, a confident diagnosis of schizophrenia
could not be made, it was coded as schizophrenia
spectrum disorder. Wherever possible, the information
was collected from the mother. Whenever mother was
not available, details were obtained from the father
or the nearest relative. All available informants were
interviewed for corroboration of the history.

Age-and sex-matched HC without any axis I psychiatric
diagnosis/family history of psychiatric disorder in any
of the first-degree relatives (N=177) were recruited
from the community. Digit lengths were measured
from the midpoint of the proximal crease to the tip of
the finger, using a digital caliper (Aerospace™) which
gives 0.01 mm precision in measurements. Inter-rater
reliability was calculated for digit length assessments
and intra-class correlation coefficient of >0.98 was
obtained between two independent raters.

Statistical analysis

Data entry and statistical analyses were done using
Statistical Package for Social Sciences (SPSS - 11.0).
Data were assessed using Kolmogorov-Smirnov test
and was found to be normatively distributed. Hence,
parametric statistical tests were used — independent
samples t-test for continuous variables and Chi square
tests for categorical variables.

RESULTS

The results are presented in a hierarchical format with:

1. Comparison between the schizophrenia and HC
groups

2. Comparison between family history positive and
family history negative groups with HC

Analysis (2) was done with those with family history
of schizophrenia alone and subsequently including the
schizophrenia spectrum to the above groups.

The patients and controls were matched based on
age (years) (31.61£8.53 vs 33.82+12.07, t=1.64,
P=0.10). Among the patients, there were 106 men and
94 women, whereas HC consisted of 92 men and 85
women. There was no significant difference between the
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groups based on gender distribution (y?=0.04, P=0.84).
For the whole group, the right hand 2D: 4D digit ratio
was significantly lesser in schizophrenia patients in
comparison with HC (0.97+0.05 vs 0.98+0.04, t=2.2,
P=0.02), while no difference in left hand digit ratio
was observed (0.98+0.04 vs 0.98+0.03, t=0.4, P=0.65).
Further sub-group analyses for sex-differential effects
revealed that female patients with schizophrenia
had significantly lesser right 2D: 4D than female
HCs (0.96£0.05 vs 0.98+0.03, t=2.1, P=0.03). The
right and left digit ratios of male patients and the left
digit ratio of female patients did not differ from male
and female controls, respectively [Table 1 and Figure 1].

Sub-group analysis for potential family history-related
effects showed that family history-positive men with
schizophrenia had a significantly greater left 2D:
4D (FH present (0.99£0.04) vs HC (0.97+0.04),
t=2.15, P=0.03) in comparison with male controls. The
left and right digit ratios of females did not show any
difference compared to HC based on family history
status [Tables 2 and 3].

Table 1: Comparison of digit ratio between
schizophrenia patients and healthy controls

Subject N Mean (SD) t P*
Male
Left digit ratio
Patient 104 0.96 (0.04) 0.29 0.76
HC 90 0.97 (0.03)
Right digit ratio
Patient 106 0.96 (0.04) 0.29 0.76
HC 90 0.96 (0.03)
Female
Left digit ratio
Patient 94 0.97 (0.04) 0.29 0.76
HC 85 0.97 (0.03)
Right digit ratio
Patient 94 0.96 (0.05) 2.119 0.03
HC 85 0.98 (0.03)

*P<0.05 considered statistically significant ; HC - Healthy controls
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Figure 1: Difference in digit ratio between schizophrenia patients and
healthy controls
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DISCUSSION

In this study, we observed women with schizophrenia to
have significantly lesser right 2D: 4D replicating previous
study findings.[*) Male patients with schizophrenia
did not significantly differ from male controls in 2D:
4D; interestingly, schizophrenia patients with family
history-positive status had significantly greater left 2D:
4D than male controls.

The differential effects of intrauterine testosterone
and estrogen levels are considered to be responsible for
digit ratio changes.[® There is also emerging evidence
for the influence of testosterone on the neural factors
responsible for social and communicative behavior.!®
This could possibly link these hormones to behavioral
deficits which are precursors to the development
of schizophrenia. Schizophrenia patients have also
been demonstrated to show disturbed cerebral sexual
dimorphism—characterized by less hemispheric
asymmetry and hence ‘““dominance failure” for
language,'**l which is thought to indicate the effects of
sex hormones. Hence, altered digit ratios would provide
indirect evidence of the prenatal hormonal changes
producing the neurodevelopmental variations.!*!

Our study shows significant difference in digit ratio
between schizophrenia and controls demonstrating the
neurodevelopmental basis for the pathophysiology of
schizophrenia.['*!?! Earlier studies have shown evidence
for a “feminised” digit ratio in affected males.**) On
the contrary, affected women had a significantly
“masculinised” right digit ratio than HCs in this study.
In an earlier study;!'?! such a difference has been shown
in both the genders on the right hand. In a previous
study from our group, a lesser 2D: 4D ratio was detected
in female subjects with schizophrenia.l*/ In the present
study, those males who had a family history of either
schizophrenia or a schizophrenia spectrum condition had
significantly “feminized” digit ratio than those without.
This effect was not apparent in female subjects. A similar
finding was demonstrated by Collinson et al., even though
not in familial schizophrenia, where males had a greater
2D: 4D ratio.'”! Collinson’s paper discusses on the role
of Hox genes which are critical for skeletal development.
Testosterone and estrogen regulate the Hox expression
in the early fetal life and any hormonal variations can
dysregulate the expression of the gene. From a default
female phenotype, a high level of prenatal testosterone
is required for the formation of male phenotype*! and
this in turn may be mediated strongly by genetic factors.
Overall, in patients, reversal of expected “directionality”
in digit ratio was observed in our study with greater
left 2D: 4D in male patients having a family history of
schizophrenia being a novel finding. Interestingly, reversal
of sexual dimorphism has been linked to the pathogenesis
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Table 2: Comparison between family history positive and healthy control groups

Schizophrenia only

Schizophrenia spectrum

Subject N Mean (SD) t P* N Mean (SD) t P*
Male
Left digit ratio 2.15 0.03 1.10 0.27
HC 90 0.97 (0.04) 90 0.97 (0.04)
FH+ 27 0.99 (0.04) 45 0.98 (0.04)
Right digit ratio 1.24 0.22 0.75 0.45
HC 90 0.97 (0.04) 90 0.97 (0.04)
FH+ 27 0.98 (0.04) 46 0.97 (0.04)
Female
Left digit ratio 0.67 0.50 0.28 0.78
HC 85 0.98 (0.04) 85 0.98 (0.04)
FH+ 26 0.97 (0.05) 33 0.98 (0.04)
Right digit ratio 1.90 0.06 1.57 0.12
HC 85 0.98 (0.04) 85 0.98 (0.04)
FH+ 26 0.96 (0.07) 33 0.97 (0.06)

*P<0.05 considered significant, FH+ - Family history positive group; HC - Healthy controls

Table 3: Comparison between family history negative and healthy control groups

Schizophrenia only

Schizophrenia spectrum

Subject N Mean (SD) t P N Mean (SD) t P*
Male
Left digit ratio 1.37 0.18 1.30 0.19
HC 90 0.97 (0.04) 90 0.97 (0.04)
FH- 77 0.96 (0.05) 59 0.96 (0.05)
Right digit ratio 1.64 0.10 1.91 0.06
HC 90 0.97 (0.04) 90 0.97 (0.04)
FH- 79 0.96 (0.04) 60 0.96 (0.04)
Female
Left digit ratio 0.04 0.97 0.23 0.81
HC 85 0.98 (0.04) 85 0.98 (0.04)
FH- 68 0.98 (0.04) 61 0.98 (0.04)
Right digit ratio 1.85 0.08 1.04 0.42
HC 85 0.98 (0.04) 85 0.97 (0.04)
FH- 68 0.97 (0.05) 61 0.97 (0.05)

*P<0.05 considered significant, FH- - Family history negativee group; HC - Healthy controls

of schizophrenia.l*® It is possible that such reversal
might have a putative genetic basis, perhaps only in men
with schizophrenia. Thus, sex-specific responses to fetal
experiences which occur during sensitive window periods
of development may endorse long-term programming
changes that cause diseases like schizophrenia. Altogether,
it is possible to conceptualize that there could be a
reversal in the intensity of the functions of the either
sex hormones in a sex-specific manner in schizophrenia,
partly mediated by genetic influence. This might thus
explain the masculinization and feminization of digit
ratios in women and men, respectively, in a pattern as
observed in this study.

The existing literature favors epigenetic mechanisms
involving hormone expression in the intra-uterine life
in mediating sexually dimorphic development and
aberrations of this pattern may underlie pathogenetic
mechanisms seen in schizophrenia.*¢*"! Digit ratios
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reflect the complex interactions of the environment
with the genome. The mechanism of differential growth
induced by the relative levels of steroid hormones is yet
to be elucidated, but even with these short comings and
inconsistencies across studies, the digit ratio continues to
be an important tool to study the organizational effects
of hormones on the developing brain. The present study
has methodological advantages that the digit lengths were
measured by digital calipers with a high accuracy and high
inter-rater reliability. Relatively small numbers of family
history positive probands and the use of family history
method for the ascertainment of psychiatric diagnosis of
family members remain the short-comings of the study.

In conclusion, it seems possible that the genetic loading
for psychosis might have an influence on digit ratio
profile in men with schizophrenia with the family
history-positive status being associated with relatively
“feminine” pattern. Importantly, this observation
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needs replication. Also, we propose that future studies
on schizophrenia should include this dimension and
sample larger numbers and study sex-specific subgroup
differences. Such approaches involving larger number
of familial vs non-familial schizophrenia patients
with concurrent assessment of digit ratio and similar
measures putatively indicative of fetal environment
could yield better understanding on the role of genetic
diathesis and related hormonal interplay within the
paradigm of fetal programming.
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