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Abstract

The presence of abnormal palmar flexion creases
(APFC) and dermatoglyphic ridge dissociation (RD)
may constitute enduring evidence of a prenatal insult
that occurred before the third trimester of intrauterine
life. We examined these dermatoglyphic abnormalities
in a twin study of psychotic disorders. RD and APFC
were analyzed in a monozygotic (MZ) twin sample
from the Maudsley Hospital in London (11 normal
control pairs, 16 pairs concordant for psychosis, 9
pairs discordant for psychosis, 1 concordant triplet,
and 1 triplet with one affected member). The risk of
either RD or APFC was 44 percent in affected twins
and 20 percent in nonaffected twins (odds ratio = 3.25,
95% confidence interval: 1.03-10.31; one-sided p =
0.023). In the group of MZ twins discordant for psy-
chosis, discordance for RD or APFC always paralleled
discordance for psychosis (one-sided p = 0.078), sug-
gesting the operation of nongenetic factors. The results
confirm previous work suggesting the possibility that
nongenetic factors early in pregnancy contribute to the
liability to develop psychosis in later life.
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Dermatoglyphics are the patterned traceries of the epider-
mal ridges on fingers and palms. Palmar and finger der-
matoglyphics are formed on the surface of the hand early
in intrauterine life. This period, the second trimester of
pregnancy, coincides with a critical period of central ner-
vous system development, when neuronal cell migration to
the cerebral cortex takes place (Rakic et al. 1988). During
this period, dermatoglyphic morphology can be influenced
by environmental factors interfering with intrauterine
development, but after this period dermatoglyphics remain
unchanged and thus appear to constitute enduring evi-
dence of prenatal insult.

Two congenital dermatoglyphic malformations—RD
and APFC—carry special interest for research in disorders
that are hypothesized to be congenital. A variety of
unusual PFC and forms of RD have been associated with
(1) congenital disorders due to intrauterine exposure to
environmental factors such as viruses and teratogenic
agents, (2) fetal alcohol syndrome, (3) craniofacial syn-
drome, (4) rubella and toluene embryopathy, and (5) con-
genital syndromes that share clinical features, such as low
birth weight, growth retardation, and mental retardation
(Schaumann and Alter 1976; Schaumann and Kimura
1991).

Several independent studies have reported dermato-
glyphic changes, especially in ridge counts, in (1) psychi-
atric patients compared with controls from the general pop-
ulation (Raphael and Raphael 1962; Mellor 1968; Fananas
et al. 1990; Turek 1990; Fanands et al. 1996b; Gutierrez et
al. 1998); and (2) twin studies (Bracha et al. 1992; Davis
and Bracha 1996b). Twin studies are of particular interest
in this type of investigation because they can distinguish
between genetic and nongenetic mechanisms, or suggest a
mechanism of genotype-environment interaction, whereby
an environmental insult enhances the expression of genetic
liability (Van Os and Marcelis 1998).

In three previous MZ twin studies, the frequencies of
congenital dermatoglyphic abnormalities were examined
in pairs of twins discordant or concordant for schizophre-
nia. Bracha and colleagues (1991) studied MZ twins dis-
cordant for schizophrenia or delusional disorder and found
higher scores of selected dysmorphological hand anom-
alies in the affected co-twin. Van Os and coworkers (1997)
reported higher risk of APFC and RD in MZ affected com-
pared with MZ nonaffected twins. These results were
recently replicated in the National Institute of Mental
Health twin sample, where in addition it was found that
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discordance for psychosis in MZ twins was strongly asso-
ciated with discordance for these dermatoglyphic anom-
alies (Rosa et al. 2000a). The aim of the present study was
to explore the presence of the same anomalies in a new,
independent sample of twins concordant and discordant
for psychosis.

Method

Sample. The sample consisted of MZ twin pairs who had
agreed to participate in the Maudsley Twin Study. The
patient sample consisted of 11 control pairs (14 male and
8 female), 16 pairs concordant for psychosis (28 male and
4 female), 9 pairs discordant for psychosis (14 male and 4
female), as well as one concordant set of triplets and
another set of triplets with one affected member. The
mean age was 34.9 years (standard deviation = 9.8).
Zygosity determination was based on all available infor-
mation, including analysis of genetic markers in 42 per-
cent of pairs. Agreement between zygosity determination
by genetic markers and by resemblance information was
95 percent. The DSM-III-R (American Psychiatric
Association 1987) diagnostic distribution in the 45 indi-
viduals affected by a psychotic disorder was schizophre-
nia 71 percent (n = 32), schizophreniform disorder 13 per-
cent (n = 6), and (schizo)affective/atypical psychosis 16
percent (n - 7). (See Cardno et al. 1999 for further detail
about the sample.)

Of the 78 individuals in the study, the measure of RD
was available in 70, the measure of APFC in 66, and one
or the other measure in 73. As in our previous investiga-
tions (Rosa et al. 2000a), the sample was a priori not con-
fined to any particular diagnostic category for two reasons.
First, dermatoglyphic abnormalities occur more frequently
not only in schizophrenia and delusional disorder but also
in bipolar disorder (Gutierrez et al. 1998) and schizotypy
(Faiianas et al. 1996a; Rosa et al. 2000£). Second, there is
good evidence that affective and nonaffective psychotic
diagnostic categories share to a large degree the liabilities
arising from prenatal and developmental risk factors; such
evidence argues against division along arbitrary diagnostic
lines (Marcelis et al. 1998; Van Os et al. 1998; Brown et al.
2000).

Dermatoglyphic Measures. Palm and finger prints were
taken with a noninky method (Prints-kit, Printscan
Verification Systems Ltd.). The variables selected for the
analysis included (1) presence of RD and (2) presence of
APFC. RD, a well-delineated dermatoglyphic anomaly,
refers to a short, broken segment of lines that cover the
dermatoglyphic pattern areas in a disorganized way.
Cummins and Midlo (1961) concluded that extreme RD is
due to some fault in embryonic development that causes

failure of the ridge units to become consolidated (figure
1A).

APFC have been defined as variations in the basic
configuration and appearance of the major palmar creases
(Alter 1970). The categories of APFC used in the present
study were the Simian Crease, the Sydney Line, very rudi-
mentary creases, and clear broken proximal and distal pal-
mar creases (figure IB).

A.R., blind to the diagnosis, zygosity, and concor-
dance status of the twins, conducted the dermatoglyphic
analyses. This rater had extensive prior experience in rat-
ing similar data (Rosa et al. 2000a,

Analyses. Two types of case-control analyses were car-
ried out. In the first analysis, the rate of dermatoglyphic
abnormalities in MZ affected and MZ unaffected twins
was compared. MZ affected twins included (1) twins con-
cordant for psychosis (including one set of concordant
triplets) and (2) the affected co-twins of discordant pairs
(including one affected member of a set of triplets). MZ
unaffected twins were normal control twins and the unaf-
fected co-twins of the discordant pairs. Effect sizes were
expressed as odds ratios (ORs) from the case-control
logistic regression analyses. Because the members of one
twin pair cannot be considered independent statistically, a
multilevel logistic regression procedure was carried out
using the XTGEE procedure in Stata (StataCorp 1999),
thus taking account of the fact that level 1 units (level of
individual twins) were clustered into level 2 units (level of
the pairs). This procedure gives correct estimates of stan-
dard errors that otherwise might be wrongly estimated.
Multilevel or hierarchical regression analyses are com-
monly used in twin studies (Heitmann et al. 1997; Emery
et al. 1998; Hur et al. 1998). All the multilevel analyses
were adjusted for sex in view of the uneven sex distribu-
tion (see below).

The second analysis consisted of a pairwise compari-
son of affected versus nonaffected members of discordant
pairs. To this end, a logistic regression analysis for
matched pairs was carried out in the group of discordant
pairs only. In this analysis, the triplet with one affected
member was split up in two discordant pairs. Because this
study explicitly sought to replicate the direction of a previ-
ously reported effect, one-sided p values are presented for
two-sided confidence intervals.

Results

Affected Versus Nonaffected Twins. The proportion of
women was 13 percent in affected twins and 34 percent in
nonaffected twins (x2 = 4.8, df= 1, two-sided p = 0.028).
The risk of RD was 12 percent in the affected twins and 4
percent in nonaffected twins (adjusted OR from multilevel
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Table 1. Presence of either APFC or RD

Affected MZ twins

Nonaffected MZ twins

in affected and nonaffected

APFC or RD, n (%)

19(44.2)

6 (20.0)

MZ twins

No abnormalities, n (%)

24 (55.8)

24 (80.0)

Note.—APFC = abnormal palmar flexion creases; MZ = monozygotic; RD = ridge dissociation. Odds ratio = 3.25, 95% confidence interval:
1.03-10.31; one-sided p = 0.023.

Figure 1. Anomalies considered in the present study: (A) second interdigital area of the palm showing
ridge dissociation; (B) abnormal palmar flexion creases

SIMIAN SYDNEY RUDIMENTARY BROKEN
CREASE LINE CREASES CREASES

logistic regression 4.08; 95% confidence interval [CI]:
0.45-36.80; one-sided p = 0.069). The risk of APFC was
41 percent in affected twins and 19 percent in nonaffected
twins (OR = 2.52; 95% CI: 0.74-8.58; one-sided p =
0.10). The risk of either exposure was 44 percent in
affected twins and 20 percent in nonaffected twins (OR =
3.25; 95% CI: 1.03-10.31; one-sided p = 0.023).

Within-Pair Matched Comparison of Discordant
Twins. In the sample of 11 discordant pairs (including
the two pairs constructed from the triplet), 2 pairs were
discordant for either RD or APFC. In both of these pairs,

the abnormality occurred in the affected twin. The OR for
matched pairs for this result could not be calculated
because of the zero denominator (OR = infinite). The one-
sided p value associated with this result was x2 = 2.0, df-
1, one-sided p = 0.078. There was no difference between
the well co-twins of the discordant pairs and the control
twins (OR =1.11; 95% CI: 0.17-7.26;/? = 0.92).

Discussion
We chose to include psychotic patients with a broad group
of diagnoses. However, when we repeated the comparison
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between affected and nonaffected twins considering only
cases with a DSM-III-R diagnosis of schizophrenia or
schizophreniform disorder, the effect size for the exposure
of either APFC or RD remained unchanged (OR = 3.46;
95% CI: 1.10-10.90; one-sided/? = 0.017).

Although the effect sizes were moderately large, the
confidence intervals were very wide, indicating that the
statistical resolution of the study remained limited because
of the low prevalence of the abnormalities and the modest
sample size.

The finding that APFC and RD occur more commonly
in patients with psychosis has now been replicated in three
independent twin samples. Although there was overlap in the
investigators of the three studies, care was always taken to
ensure that dermatoglyphic analyses were carried out
entirely blind to diagnostic and concordance status. In addi-
tion, the within-pair comparisons in genetically identical
twins who are discordant for psychosis in the current and one
previous study (Rosa et al. 2000a) may suggest that the
explanation for this finding is nongenetic. This, in combina-
tion with the knowledge that these dermatoglyphic abnor-
malities must develop during the first and second trimesters
of pregnancy, implies that nongenetic factors early in preg-
nancy contribute to the liability to develop psychosis in later
life.

The dermatoglyphic abnormalities in this and previous
studies are in all likelihood a proxy variable for a true causal
influence. To identify this influence, associations between
dermatoglyphics and other variables need to be examined.
One study suggested that dermatoglyphic abnormalities such
as low ridge counts may be associated with enlarged cerebral
ventricles (Van Os et al. 2000), but this finding remains to be
replicated. It has been reported that prenatal hypoxic events,
prenatal infections, prenatal maternal stress, and prenatal
nutritional deficiency increase the risk for adult psychosis
(Buka et al. 1993; Takei et al. 1995; Davis and Bracha
1996a, 1996b; Van Os and Selten 1998; Brown et al. 2000).
These variables, therefore, constitute the most plausible can-
didates to investigate in relation to actual morphological
proof of prenatal nongenetic influences. A related area of
research involves the study of slight anatomical malforma-
tions known as minor physical anomalies (Green et al. 1994;
Waddington et al. 1998). The structures involved in these
malformations achieve their postnatal form by 16 to 17
weeks of gestation—that is, around the same time as der-
matoglyphic measures. Thus, the simultaneous study of
minor physical abnormalities and dermatoglyphic measures
also has heuristic potential.

References

Alter, M. Variation in palmar creases. American Journal
of Diseases of Children, 120:424-431, 1970.

American Psychiatric Association. DSM-III-R:
Diagnostic and Statistical Manual of Mental Disorders.
3rd ed. Washington, DC: APA, 1987.

Bracha, H.S.; Torrey, E.F.; Bigelow, L.B.; Lohr, J.B.; and
Linington, B.B. Subtle signs of prenatal maldevelopment
of the hand ectoderm in schizophrenia: A preliminary
monozygotic twin study. Biological Psychiatry,
30(7):719-725, 1991.

Bracha, H.S.; Torrey, E.F.; Gottesman, I.I.; Bigelow, L.B.;
and Cunniff, C. Second-trimester markers of fetal size in
schizophrenia: A study of monozygotic twins. American
Journal of Psychiatry, 149(10): 1355-1361, 1992.

Brown, A.S.; van Os, J.; Driessens, C; Hoek, H.W.; and
Susser, E.S. Neurobiological plausibility of prenatal nutri-
tional deprivation as a risk factor for schizophrenia.
American Journal of Psychiatry, 157(2): 190-195, 2000.

Buka, S.L.; Tsuang, M.T.; and Lipsitt, L.P.
Pregnancy/delivery complications and psychiatric diagno-
sis: A prospective study. Archives of General Psychiatry,
50(2):151-156, 1993.

Cardno, A.; Marshall, E.J.; Coid, B.; McDonald, A.
Ribchester, T.R.; Davies, N.J.; Venturi, P.; Jones, L.A.
Lewis, S.W.; Sham, P.; Gottesman, I.I.; Farmer, A.E.
McGuffin, P.; Reveley, A.M.; and Murray, R.M.
Heritability estimates for psychotic disorders: The
Maudsley twin psychosis series. Archives of General
Psychiatry, 56:162-168, 1999.

Cummins, H., and Midlo, C. Fingerprints, Palms and
Soles. New York, NY: Dover, 1961.

Davis, J.O., and Bracha, H.S. Famine and schizophrenia:
First-trimester malnutrition or second-trimester beriberi?
Biological Psychiatry, 40(1): 1-3, 1996a.

Davis, J.O., and Bracha, H.S. Prenatal growth markers in
schizophrenia: A monozygotic co-twin control study.
American Journal of Psychiatry, 153(9):1166-1172, 1996k

Emery, C.F.; Pedersen, N.L.; Svartengren, M.; and
McClearn, G.E. Longitudinal and genetic effects in the
relationship between pulmonary function and cognitive
performance. Journals of Gerontolology B Psychological
Sciences and Social Sciences, 53(5):311-317, 1998.

Fananis, L.; Moral, P.; and Bertranpetit, J. Quantitative
dermatoglyphics in schizophrenia: Study of family history
subgroups. Human Biology, 62:421-427, 1990.

Fananas, L.; Gutierrez, B.; Bosch, S.; Carandell, F.; and
Obiols, J.E. Presence of dermatoglyphic ridge dissociation
in a schizotypy-affected subject in a pair of discordant MZ
twins. Schizophrenia Research, 21:125-127, 1996a.

Fananas, L.; van Os, J.; Hoyos, C; McGrath, J.; Mellor,
C.S.; and Murray, R.M. Dermatoglyphic a-b ridge count
as a possible marker for developmental disturbance in

700

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/28/4/697/1852833 by guest on 20 M

arch 2024



Congenital Dermatoglyphic Abnormalities and Psychosis Schizophrenia Bulletin, Vol. 28, No. 4, 2002

schizophrenia: Replication in two samples. Schizophrenia
Research, 20:307-314, 1996b.

Green, M.F.; Bracha, H.S.; Satz, P.; and Christenson, CD.
Preliminary evidence for an association between minor physi-
cal anomalies and second trimester neurodevelopment in
schizophrenia. Psychiatry Research, 53(2): 119-127,1994.

Gutierrez, B.; van Os, J.; Valles, V.; Guillamat, R.;
Campillo, M.; and Fananas, L. Congenital dermatoglyphic
malformations in severe bipolar affective disorder:
Analyses of familiar morbidity risk. Psychiatry Research,
78:133-140, 1998.

Heitmann, B.L.; Kaprio, J.; Harris, J.R.; Rissanen, A.;
Korkeila, M.; and Koskenvuo, M. Are genetic determi-
nants of weight gain modified by leisure-time physical
activity? A prospective study of Finnish twins. American
Journal of Clinical Nutrition, 66(3):672-678, 1997.

Hur, Y.M.; Bouchard, T.J., Jr.; and Eckert, E. Genetic and
environmental influences on self-reported diet: A reared-
apart twin study. Physiology and Behavior,
64(5):629-636, 1998.

Marcelis, M.; Navarro-Mateu, F.; Murray, R.; Selten, J.P.;
and Van Os, J. Urbanisation and psychosis: A study of
1942-1978 birth cohorts in the Netherlands.
Psychological Medicine, 28:871-879, 1998.

Mellor, C.S. Dermatoglyphics in schizophrenia. British
Journal of Psychiatry, 114:1387-1397, 1968.

Rakic, P.; Goldman Rakic, P.S.; and Gallager, D.
Quantitative autoradiography of major neurotransmitter
receptors in the monkey striate and extrastriate cortex.
Journal of Neurosciences, 8(10):3670-3690, 1988.

Raphael, T., and Raphael, L.G. Finger prints in schizo-
phrenic patients. JAMA, 180:215-219, 1962.

Rosa, A.; Fanands, L.; Bracha, H.S.; Torrey, E.F.; and van
Os, J. Congenital dermatoglyphic malformations and psy-
chosis: A twin study. American Journal of Psychiatry,
157(9): 1511-1513, 2000a.

Rosa, A.; van Os, J.; Fanan&s, L.; Barrantes, N.; Caparr6s,
B.; Gutierrez, B.; and Obiols, J.E. Developmental instabil-
ity and schizotypy. Schizophrenia Research,
43(2-3): 1-10, 2000k

Schaumann, B., and Alter, M. Dermatoglyphics in Medical
Disorders. New York, NY: Springer-Verlag, 1976.

Schaumann, B., and Kimura, S. Palmar, plantar and digi-
tal flexion creases: Morphologic and clinical considera-
tions. Birth Defects Original Article Series,
27(2):229-252, 1991.

StataCorp. Stata Statistical Software: Release 6. College
Station, TX: Stata Corporation, 1999.

Takei, N.; Van Os, J.; and Murray, R.M. Maternal expo-
sure to influenza and risk of schizophrenia: A 22-year

study from the Netherlands. Journal of Psychiatric
Research, 29(6):435-445, 1995.

Turek, S. Dermatoglyphics and schizophrenia: Analysis of
quantitative traits. Collegium Antropologicum,
14(l):137-150, 1990.

Van Os, J.; Fananas, L.; Cannon, M.; McDonald, A.; and
Murray, R. Dermatoglyphic abnormalities in psychosis: A
twin study. Biological Psychiatry, 41(5):624-626, 1997.

Van Os, J.; Jones, P.; Sham, P.; Bebbington, P.; and
Murray, R.M. Risk factors for onset and persistence of
psychosis. Social Psychiatry and Psychiatric
Epidemiology, 33(12):596-605, 1998.

Van Os, J., and Marcelis, M. The ecogenetics of schizophre-
nia: A review. Schizophrenia Research, 32:127-135, 1998.

Van Os, J., and Selten, J.P. Prenatal exposure to maternal
stress and subsequent schizophrenia: The May 1940 inva-
sion of the Netherlands. British Journal of Psychiatry,
172:324-326, 1998.

Van Os, J.; Woodruff, P.; Fananas, L.; Ahmad, F.; and
Murray, R.M. The relationship between structural abnor-
malities and dermatoglyphic ridge counts in schizophre-
nia. Comprehensive Psychiatry, 41(5):380-384, 2000.

Waddington, J.L.; Buckley, P.F.; Scully, P.J.; Lane, A.;
O'Callaghan, E.; and Larkin, C. Course of psychopathol-
ogy, cognition and neurobiological abnormality in schizo-
phrenia: Developmental origins and amelioration by
antipsychotics? Psychiatry Research, 32(3-4):179-189,
1998.

Acknowledgments

This study was supported by the Wellcome Trust
(057869Z/99) and by the Stanley Foundation. Araceli
Rosa was supported by the University of Barcelona. The
authors thank Timi Toulopoulou, Farooq Ahmad, and Irvin
Gottesman for their collaboration in the sample collection.

The Authors

Araceli Rosa, B.Sc, Ph.D., is Research Scientist; Lourdes
Fananas, B.Sc, Ph.D., M.D., is Senior Lecturer; and Bar-
bara Arias, B .Sc , is Research Scientist, Laboratori
d'Antropologia, Facultat de Biologia, Universitat de
Barcelona, Barcelona, Spain. Jim van Os, M.Sc, Ph.D., is
Professor of Psychiatric Epidemiology at Maastricht Uni-
versity, The Netherlands, and Visiting Professor at the
Institute of Psychiatry, London, U.K. Tracy Ribchester,
B . S c , is Research Assistant; and Nadia Davies,
MRCPsych, Alison McDonald, Ph.D., and Robin M. Mur-
ray, D.Sc, are Professors, Division of Psychological Med-
icine, Institute of Psychiatry, London, U.K.

701

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/28/4/697/1852833 by guest on 20 M

arch 2024


