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Minor Physical Anomalies
in Schizophrenic Patients and Their Siblings

Baher Ismail, M.D., Elizabeth Cantor-Graae, Ph.D., and Thomas F. McNeil, Ph.D.

Objective: The aim of this study was to assess the frequency and type of minor physical
anomalies in schizophrenic patients and their normal siblings. Method: Sixty adult patients
with schizophrenia, 21 siblings of these patients, and 75 normal comparison subjects were
assessed through use of an extended scale consisting of the Waldrop scale and 23 other
minor physical anomalies. Results: Patients had significantly more minor physical anoma-
lies than comparison subjects in all body areas tested and also more minor physical anom-
alies in total than their siblings. Hand, eye, and mouth minor physical anomalies best dis-
criminated patients from comparison subjects. Siblings had significantly more minor
physical anomalies than normal comparison subjects. Sixty percent of the patients and
38% of the siblings, but only 5% of the comparison subjects, had a higher rate of minor
physical anomalies (i.e., six or more). With the exception of ear minor physical anomalies,
no association was found between minor physical anomalies in the patient and sibling in
the same family. Conclusions: Higher levels of minor physical anomalies (especially in the
eye, mouth, and hand/foot regions) characterize both schizophrenic patients and their nor-
mal siblings, but there is little similarity in these anomalies between patients and siblings in
the same family. Thus, one or more genetic or shared environmental factors may increase
the risk for development of both minor physical anomalies and schizophrenia in these fam-
ilies at large. Minor physical anomalies associated with schizophrenia are frequently found
in, but are clearly not limited to, the head or facial region. The Waldrop scale identifies mi-
nor physical anomalies strongly associated with schizophrenia. Nevertheless, assessment
of the new items clearly indicates that many additional minor physical anomalies are found
in schizophrenic patients. 

(Am J Psychiatry 1998; 155:1695–1702)

Minor physical anomalies are slight dysmorphic
features representing subtle alterations in the develop-
ment of various bodily structures in the mouth, eye,
ear, global head, hand, and feet areas. Minor physical
anomalies are considered to develop during the first
and/or early second trimester of gestation (1, 2). Be-
cause the bodily structures involved in the expression
of minor physical anomalies typically share their em-
bryonic origin with that of the brain (3), minor physi-
cal anomalies represent potentially valuable indices of
disturbances in early neurodevelopment. Once formed,
minor physical anomalies persist into adult life and are

readily detected on simple visual examination of the
particular body area. Because minor physical anoma-
lies represent disturbed prenatal development, they
have increasingly been studied in individuals with a
range of mental, behavioral, and physical disorders.
Minor physical anomalies have been found with in-
creased frequency in autism, hyperactivity, epilepsy,
learning disabilities, speech and hearing impairments,
mental retardation, poor motor coordination (4), at-
tention deficit disorder, fetal alcohol syndrome, cere-
bral palsy, and schizophrenia (5).

At least 11 different studies have shown higher rates
of minor physical anomalies in adult schizophrenic
samples (3–13), while one study showed a similar but
nonsignificant trend in schizophrenic twins (14) and
another failed to show a higher rate in patients (15).
The strong predominance of positive findings in
schizophrenia provides considerable general support
for a neurodevelopmental model of schizophrenia.

Nevertheless, important questions remain about the
relevance of minor physical anomalies for the etiology
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of schizophrenia. First, the origins of minor physical
anomalies associated with schizophrenia remain un-
clear, and such anomalies may result from both genetic
and environmental influences. The finding that minor
physical anomalies are particularly common in schizo-
phrenic patients with a family history of the disorder
(13) represents evidence for a genetic effect. However,
minor physical anomalies observed among monozy-
gotic pairs discordant for schizophrenia were signifi-
cantly related to maternal pregnancy complications
(14), which speaks for the influence of environmental
factors in minor physical anomalies in schizophrenic
patients. An unanswered question concerns whether
minor physical anomalies are “familial,” as might be
reflected in a generally higher frequency of such anom-
alies in the mentally normal relatives of schizophrenic
patients, a co-occurrence of minor physical anomalies
in the patient and relative within the same family, or
both. A high degree of within-pair similarity on minor
physical anomaly level was observed in monozygotic
twin pairs discordant for schizophrenia (14), as might
be expected among identical twins, and the ill twin had
only marginally higher (nonsignificant) rates of minor
physical anomalies than the well co-twin. However,
the only study that investigated minor physical anom-
alies in the siblings of schizophrenic patients did not
show a significantly higher rate in siblings than in nor-
mal control subjects (7). Furthermore, rates of minor
physical anomalies were not found to be higher in the
offspring of women with psychoses (including schizo-
phrenia) than in matched control subjects (16). Further
investigation is needed of the possible familiality of mi-
nor physical anomalies in schizophrenia, evaluating both
the levels of minor physical anomalies in patients, their
relatives, and normal comparison subjects and the de-
gree of individual similarity between patients and their
relatives in level and type of minor physical anomalies.

A second question concerns the empirical effects re-
sulting from the choice of instrument for measuring
minor physical anomalies. With the exception of Lane
et al. (11), all of the previous studies of minor physical
anomalies in schizophrenia have used the Waldrop
scale (17), with occasional modifications or omissions
of items. The minor physical anomalies in that instru-
ment originated from an unpublished study by Gold-
farb and Botstein, who used those minor physical
anomalies to distinguish schizophrenic from normal
children (17). The Waldrop scale should thus be well
suited for assessment of minor physical anomalies in
adult patients. Nevertheless, the scale has been criti-
cized for inherent limitations regarding both content
and form. Several authors have recognized the need for
a more extensive and well-operationalized scale (18,
19), since the study of minor physical anomalies in
schizophrenia is still in an exploratory phase. An inves-
tigation directly comparing results from the Waldrop
scale and from a parallel instrument consisting of other
minor physical anomalies could potentially provide
valuable information on the effects of using the Wal-

drop scale to measure minor physical anomalies in
schizophrenic patients and other subjects.

A third question is whether the minor physical
anomalies associated with schizophrenia have a char-
acteristic localizing profile. Because higher rates of mi-
nor physical anomalies are seen in a range of other dis-
eases, the question of specific localization is of direct
relevance for whether minor physical anomalies are in-
dicators of a generalized and nonspecific vulnerability
to mental and physical abnormality, or are an expres-
sion of a specific regional disturbance related to a par-
ticular disease. Few previous studies have reported
findings concerning individual minor physical anoma-
lies in schizophrenic patients (possibly because of sam-
ple size limitations), but disorders of the mouth (pal-
ate) and perhaps also deviant head circumference have
been a most frequent feature in schizophrenia (4–6, 11,
13). Lane et al. (11), in a carefully conducted study us-
ing both a new anthropometric scale and the Waldrop
scale, concluded that there was direct evidence of dis-
turbed craniofacial development in schizophrenia,
closely associated with brain differentiation. If a cran-
iofacial predominance could be confirmed for minor
physical anomalies in other samples of schizophrenic
patients, this would provide important evidence for a
specific profile of early maldevelopment in individuals
who later develop this psychosis.

The aim of the present study was to investigate the rate
and topological profile of minor physical anomalies in a
group of schizophrenic patients and their nonpsychotic
siblings, as part of a multidisciplinary study of risk fac-
tors in the etiology of schizophrenia (20). The following
hypotheses were tested: 1) minor physical anomalies are
more common in schizophrenic patients than in their
nonpsychotic siblings and normal comparison subjects,
and are also more common in siblings than in normal
comparison subjects; 2) a positive within-family rela-
tionship between the patient and the sibling is found for
both total frequency and specific body area of minor
physical anomalies; and 3) a higher rate of minor physi-
cal anomalies in schizophrenic patients than in compari-
son subjects is found predominantly in the head and fa-
cial regions (i.e., a craniofacial profile). Furthermore, we
studied the effects on differences in minor physical
anomaly rates across the three subject groups that re-
sulted from using the Waldrop scale versus a parallel set
of other minor physical anomalies.

METHOD

Subjects

The subjects were 60 patients with schizophrenia, 21 healthy sib-
lings from 21 families of these patients, and 75 normal comparison
subjects, as described in greater detail in Ismail et al. (20). All sub-
jects were ethnically Caucasian. The 60 patients (44 men and 16
women) from the centralized psychiatric facilities in Malmö, Swe-
den, fulfilled DSM-III-R criteria for schizophrenia, were born in
Scandinavia in 1941 or later, and had no history of psychoactive
substance abuse as defined by DSM-III-R criteria, head trauma, or
major neurological or somatic disorder with neurological compo-
nents (e.g., multiple sclerosis).  Mean length of illness since first psy-



Am J Psychiatry 155:12, December 1998 1697

ISMAIL, CANTOR-GRAAE, AND MCNEIL

chotic episode was 14.8 years (SD=7.2, range=1–29), and mean age
at time of study was 38.2 years (range=19–55).

Twenty-one siblings (one sibling per patient) who had no history
of psychotic or affective disorder, head trauma, neurological disor-
der, somatic disorder with neurological components, or psychoactive
substance abuse per DSM-III-R criteria were also studied. Participat-
ing siblings were interviewed with the Structured Clinical Interview
for DSM-III-R (21) for schizotypal personality disorder. While a few
siblings had isolated symptoms, no sibling met the complete DSM-
III-R criteria for the disorder. The mean age of the participating sib-
lings was 37.9 years (range=17–51).

A group of 75 normal comparison subjects (59 men, 16 women),
selected from several occupational groups (e.g., firemen, hospital
service personnel), was similar to the patient group with respect to
educational level, age, and gender ratio. These subjects did not have
a history of psychosis, affective disorder, schizophrenia-related per-
sonality disorder, head trauma, neurological disorder, somatic disor-
der with neurological components, psychoactive substance abuse per
DSM-III-R criteria, or a family history of mental disorder. The mean
age of the comparison subjects was 35.9 years (range=20–54).

No significant differences were found among schizophrenic, sib-
ling, and normal comparison groups in current age or educational
level. After complete description of the study to the subjects, written
informed consent was obtained.

Assessment of Minor Physical Anomalies

Minor physical anomalies were assessed for each subject through
use of an extended and standardized scale consisting of 41 items rep-
resenting minor physical anomalies in six body areas: eyes (five
items), ears (eight items), mouth (six items), global head (seven
items), hands (eight items), and feet (seven items). The minor physi-
cal anomalies consisted of the 18 items from the Waldrop scale (22)
and 23 new items based on other sources (1, 23, 24). The new items
were chosen specifically because they belonged to the same body re-
gions as the Waldrop scale items, thus not requiring the subject to re-
move further clothing for the examination. The total examination
typically took 10–15 minutes per subject.

The majority of the 41 items (and all of the new items) were
rated as being present or absent, while weighted scores were calcu-
lated for a number of Waldrop items. The weighted scores for head
circumference and epicanthal distance were modified in accor-
dance with Green et al. (6). Summary scores were calculated for the
extended scale, the Waldrop scale per se, and the total new items
per se, as well as for each body region within each scale. A copy of
the minor physical anomaly manual and scoring system is available
on request from Dr. McNeil.

All examinations were performed by the same examiner (B.I.). In-
terrater reliability was studied between two examiners (B.I. and S.
Cardenal, M.D.), who co-examined 10 subjects independently of the
current study group. The intraclass correlation coefficient for the ex-

tended minor physical anomaly scale score was 0.84 (F=11.22, df=9,
10, p<0.005).

Statistical Analysis

Because of the distribution of scores, group comparison was done by
the Mann-Whitney U test, while pairwise comparison of the 21 patients
and their 21 siblings was done by the Wilcoxon matched-pairs signed-
ranks test. Within-family correlations on minor physical anomaly score
between the patients and their siblings were calculated by Spearman
rank correlation; the association between minor physical anomaly oc-
currence in a given body area in the patient and her or his sibling was
tested by Fisher’s exact probability test, with odds ratios and 95% con-
fidence intervals. Logistic regression (SPSS 6.1 [25]) was used to deter-
mine which particular minor physical anomalies best discriminated pa-
tients from comparison subjects, as described in detail later in the
article. Statistical significance was defined as p≤0.01, two-tailed.

RESULTS

Group Differences Based on Extended Minor Physical
Anomaly Scale

With the extended scale of 41 (Waldrop plus new)
items, patients had significantly more minor physical
anomalies than comparison subjects on both total mi-
nor physical anomalies and minor physical anomalies
in each of the six body regions except the feet (table 1).
The 21 patients with participating siblings also had
significantly more minor physical anomalies in total
and in global head characteristics than their siblings.
The siblings had significantly higher scores than the
comparison subjects on the total extended scale, as
well as on minor physical anomalies in eye and mouth
regions. The cutoff score that optimally discriminated
the patients from comparison subjects (maximizing
sensitivity and specificity for schizophrenia) was six or
more minor physical anomalies. A score of 6 or more
characterized only 5% of the comparison subjects but
60% of the patients and 38% of the siblings.

Group Differences Based on Waldrop and New Minor
Physical Anomaly Scales

As shown in table 2, patients generally differed from
comparison subjects as often on the new item scale as

TABLE 1. Scores on the Extended Scale for Minor Physical Anomalies in Schizophrenic Patients, Normal Siblings, and Normal
Comparison Subjects

Measure

Summary Score Statistical Comparisona

Patients
(N=60)

Siblings
(N=21)

Comparison 
Subjects
(N=75)

Patients Versus 
Comparison 

Subjectsb

Patients
Versus

Siblingsc

Siblings Versus 
Comparison 

Subjectsb

Mean SD Mean SD Mean SD z p z p z p

Total 6.37 2.62 4.52 2.29 2.73 1.68 7.82 <0.0001 3.13 0.002 3.47 0.0005
Global head 1.07 1.07 0.62 0.86 0.39 0.66 4.24 <0.0001 2.47 0.01 1.16 n.s.
Eyes 0.85 0.92 0.76 0.83 0.23 0.53 4.89 <0.0001 1.49 n.s. 3.35 0.0008
Ears 1.45 1.29 0.71 0.90 0.75 0.81 3.19 0.001 2.05 n.s.* 0.32 n.s.
Mouth 1.10 1.10 0.81 0.75 0.31 0.59 5.08 <0.0001 1.39 n.s. 3.25 0.001
Hands 1.28 0.90 1.05 0.97 0.61 0.73 4.37 <0.0001 0.90 n.s. 1.89 n.s.
Feet 0.62 0.74 0.57 0.60 0.45 0.55 1.06 n.s. 1.73 n.s. 0.83 n.s.
a Statistical significance was defined as p≤0.01, two-tailed.
b Mann-Whitney U test, two-tailed.
c Wilcoxon matched-pairs signed-ranks test, two-tailed.
* p=0.04.
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on the Waldrop scale. Significant group differences
were found between patients and comparison subjects
on the new item total scale, as well as on new item eye,
mouth, global head, hands, and feet areas by them-
selves. Similarly, significant differences were found be-
tween patients and comparison subjects on the Wal-
drop scale in total and in eye, ear, mouth, global head,
and hand areas by themselves. Minor physical anoma-
lies in the ear and mouth were the only body areas in
which greater patient-comparison subject differences
were found with the Waldrop scale than with the new
item scale (only one new ear item occurred in any
group, and then with low frequency) (table 3). The pa-
tients also differed more from siblings on the new item
scale than on the Waldrop scale for global head area.

In contrast, the siblings differed more from compar-
ison subjects on the Waldrop scale than new item scale,
showing significantly more minor physical anomalies
than comparison subjects on both Waldrop scale total
items and eye and mouth areas, but only on eye minor
physical anomalies on the new item scale.

Within-Family Relationship on Total Minor
Physical Anomalies

The correlations between total minor physical
anomaly scores for the patient-sibling pair within each
family were low and nonsignificant for the total ex-
tended scale (Spearman correlation, N=21; rs=0.02),
the total Waldrop scale (N=21; rs=0.12), and the total

new item scale (N=21; rs=0.25). Further, the presence
of one or more minor physical anomalies (extended
scale) in a given body region in the patient was—with
one exception—not significantly related to the pres-
ence of one or more minor physical anomalies in the
same body area in the patient’s sibling. Only ear mal-
formations (extended scale) showed a significant co-
occurrence in the patient and his or her sibling (N=21
patient-sibling pairs for all analyses; ears: Fisher’s ex-
act p=0.01, odds ratio=24.8, 95% confidence interval=
1.2–527.5; eyes: Fisher’s exact p=0.07, odds ratio=1.8,
95% confidence interval=0.3–11.3; mouth: Fisher’s
exact p=1.00, odds ratio=1.1, 95% confidence inter-
val=0.1–8.7; global head: Fisher’s exact p=0.55, odds
ratio=0.3, 95% confidence interval=0.1–4.2; hands:
Fisher’s exact p=1.00, odds ratio=1.1, 95% confidence
interval=0.1–8.7; feet: Fisher’s exact p=0.06, odds ra-
tio=10.0, 95% confidence interval=0.9–110.6).

Specific Minor Physical Anomalies in the Patients
and Comparison Subjects

The patients had significantly higher rates than com-
parison subjects of (global head) fused eyebrows; (eye)
epicanthus and heterochromia of iris; (ear) malformed
ears; (mouth) high/steepled palate, furrowed tongue,
and thin upper lip; (hand) curved fifth finger and hy-
perconvex fingernails; and (feet) partial syndactyly of
toes. They also had strong (p≤0.02) trends toward
more frequent (global head) abnormal head circumfer-

TABLE 2. Scores on New Items and Waldrop Scale for Minor Physical Anomalies in Schizophrenic Patients, Normal Siblings, and
Normal Comparison Subjects

Measure

Summary Score Statistical Comparisona

Patients
(N=60)

Siblings
(N=21)

Comparison 
Subjects
(N=75)

Patients
Versus

Comparison
Subjectsb

Patients
Versus

Siblingsc

Siblings
Versus

Comparison 
Subjectsb 

Mean SD Mean SD Mean SD z p z p z p

Total 
New items 1.53 1.16 0.71 0.90 0.41 0.64 6.03 <0.0001 2.88 0.004 1.41 n.s.
Waldrop scale 4.83 2.22 3.81 2.06 2.32 1.60 6.55 <0.0001 2.46 0.01 3.09 0.002

Global head
New items 0.63 0.76 0.24 0.54 0.23 0.45 3.51 0.0004 2.64 0.008 0.15 n.s.
Waldrop scale 0.43 0.70 0.38 0.67 0.16 0.49 3.08 0.002 1.69 n.s. 1.98 n.s.*

Eyes
New items 0.18 0.39 0.10 0.30 0.00 0.00 3.85 0.0001 1.41 n.s. 2.69 0.007
Waldrop scale 0.67 0.88 0.67 0.80 0.23 053 3.42 0.0006 1.00 n.s. 2.90 0.004

Ears
New items 0.02 0.13 0.00 0.00 0.00 0.00 1.11 n.s. 1.00 n.s. 0.00 n.s.
Waldrop scale 1.43 1.31 0.71 0.90 0.75 0.81 3.06 0.002 1.85 n.s. 0.32 n.s.

Mouth
New items 0.30 0.46 0.19 0.40 0.11 0.31 2.82 0.005 1.73 n.s. 1.02 n.s.
Waldrop scale 0.80 0.95 0.62 0.67 0.20 0.46 4.55 <0.0001 0.58 n.s. 3.27 0.001

Hands
New items 0.20 0.48 0.14 0.36 0.05 0.23 8.05 <0.0001 0.00 n.s. 1.39 n.s.
Waldrop scale 1.08 0.83 0.90 0.83 0.56 0.74 3.75 0.0002 1.15 n.s. 1.82 n.s.

Feet
New items 0.20 0.40 0.05 0.22 0.03 0.16 3.27 0.001 1.89 n.s. 0.49 n.s.
Waldrop scale 0.42 0.62 0.33 0.48 0.43 0.52 0.47 n.s. 1.60 n.s. 0.69 n.s.

a Statistical significance was defined as p≤0.01, two-tailed.
b Mann-Whitney U test, two-tailed.
c Wilcoxon matched-pairs signed-ranks test, two-tailed.
* p=0.05.
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ence and abnormal hair whorls; and (feet) retarded toe
and deep crease between first and second toes (table 3).

Logistic regression was used in a manner similar to
that of Lane et al. (11) in order to determine whether a
specific discriminatory localization pattern could be
discerned among the minor physical anomalies that
were found with greater frequency in patients. The
specific minor physical anomaly items selected for
analysis with logistic regression were the 12 minor
physical anomalies with odds ratios of 2.0 or higher
and “lower” 95% confidence intervals greater than
1.0 (Fisher’s exact p≤0.05 for all items) (table 3) in

comparison of patients and normal subjects: (global
head) abnormal head circumference, abnormal hair
whorls, and fused eyebrows; (eyes) epicanthus and het-
erochromia; (ears) malformed ears; (mouth) high/stee-
pled palate, furrowed tongue, and thin upper lip;
(hands) curved fifth finger and hyperconvex nails; and
(feet) partial syndactyly. Logistic regression was per-
formed separately on each of these body areas, using
the above item or items from that area. These analyses
showed that three of the 12 items (abnormal head cir-
cumference, heterochromia, and furrowed tongue) had
odds ratios whose 95% confidence intervals trans-

TABLE 3. Frequency of Specific Minor Physical Anomalies in Schizophrenic Patients and Normal Comparison Subjects, Rated by
New Items and Waldrop  Scalea

Region and Item

Patients
(N=60)

Comparison 
Subjects
(N=75)

Statistical Analysis

Fisher’s 
Exact p

Odds 
Ratio

95%
Confidence 

IntervalN % N %

Global head
Waldrop scale

Abnormal head circumference 15 25 7 9 0.02 3.2 1.2–8.6
Abnormal hair whorls 7 12 1 1 0.02 9.8 1.2–81.9

New items
Fused eyebrows 24 40 11 15 0.001 3.9 1.7–8.8
Frontal bossing 5 8 3 4 0.47 2.2 0.5–9.5
Micrognathia 5 8 2 3 0.24 3.3 0.6–17.8
Nostrils anteverted 4 7 1 1 0.17 5.3 0.6–48.6

Eyes
Waldrop scale

Telecanthus 16 27 11 15 0.09 2.1 0.9–5.0
Epicanthus 14 23 2 3 0.0003 11.1 2.4–51.2

New items
Heterochromia 10 17 0 0 0.0002 31.4 1.8–548.2
Ptosis 1 2 0 0 0.44 3.8 0.2–95.2

Ears
Waldrop scale

Adherent ear lobes 26 43 22 29 0.10 1.8 0.9–3.8
Malformed ears 19 32 9 12 0.006 3.4 1.4–8.2
Asymmetric ears 11 18 7 9 0.13 2.2 0.8–6.0
Low-seated ears 10 17 7 9 0.29 1.9 0.7–5.5

New items: ear lobe skin tag 1 2 0 0 0.44 3.8 0.2–95.2
Mouth

Waldrop scale
High/steepled palate 31 52 14 19 0.0001 4.6 2.2–10.0
Furrowed tongue 8 13 1 1 0.01 11.4 1.4–93.9
Tongue with smooth-rough spots 2 3 0 0 0.19 6.5 0.3–137.1

New items: thin upper lip 18 30 8 11 0.008 3.6 1.4–9.0
Hands

Waldrop scale
Curved fifth finger 41 68 31 41 0.002 3.1 1.5–6.2
Abnormal palmar crease 7 12 4 5 0.26 2.3 0.7–8.4

New items
Hyperconvex nails 9 15 2 3 0.01 6.4 1.3–31.1
Marked tapered fingers 2 3 0 0 0.44 3.8 0.2–95.2
Small fingernails 1 2 2 3 1.00 0.6 0.1–7.0

Feet
Waldrop scale

Big gap between first and second toes 15 25 29 39 0.10 0.5 0.3–1.1
Partial syndactyly 9 15 1 1 0.005 13.1 1.6–106.3

New items
Retarded toe (fourth or fifth) 5 8 0 0 0.02 14.9 0.8–276.5
Deep crease between first and second toes 5 8 0 0 0.02 14.9 0.8–276.5
Hyperconvex nails 2 3 0 0 0.19 6.5 0.3–137.1
Overlapping fourth and fifth toes 0 0 2 3 0.50 0.2 0.1–5.6

a The following minor physical anomalies were not observed in any subject: in the new items—eyes: colobomata; ears: preauricular
skin tag, preauricular sinus; mouth: cleft uvula, microcleft lip; hands: one crease in fifth finger, retarded finger, overlapping fingers;
on the Waldrop scale—global head: fine, electrical hair; ears: soft, pliable ears; feet: longer third toe.
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versed 1.0, and these three items were excluded from
the subsequent regression analysis.

The remaining nine minor physical anomalies were
then entered together into one logistic regression anal-
ysis, the results of which are presented in table 4. Three
Waldrop items (in descending hierarchical order:
curved fifth finger, epicanthus, and high/steepled pal-
ate) made significant (p≤0.01) independent contribu-
tions to prediction of patient-comparison group status,
with two new minor physical anomaly items (hyper-
convex fingernails and thin upper lip) showing p val-
ues of 0.03 and 0.05, respectively. These five items
were all in the hand and facial (eye-mouth) regions.
This model correctly classified 73% of the patients and
85% of the comparison subjects (overall classifica-
tion=80%).

Specific Minor Physical Anomalies in the Siblings
and Comparison Subjects

Siblings had significantly higher rates than compari-
son subjects of epicanthus (24% versus 3%; Fisher’s
exact p=0.005; odds ratio=11.4; 95% confidence in-
terval=2.0–64.1), high/steepled palate (52% versus
19%; Fisher’s exact p=0.004; odds ratio=4.8; 95%
confidence interval=1.7–13.5), and partial syndactyly
of toes (19% versus 1%; Fisher’s exact p=0.008; odds
ratio=17.4; 95% confidence interval=1.8–165.9); het-
erochromia (10% versus 0%; odds ratio=19.4; 95%
confidence interval=0.9–420.2) showed an exact p
value of 0.05, and abnormal hair whorls (14% versus
1%; odds ratio=12.3; 95% confidence interval=1.2–
125.7) an exact p value of 0.03.

DISCUSSION

The schizophrenic patient group showed a much
higher level of minor physical anomalies than the nor-
mal comparison subjects, corroborating the results
from previous research (e.g., references 3–5, 7, 11). It
is important to keep in mind that these minor physical
anomalies are fossilized imprints of early disturbance
in embryonic development and are unaltered by the
subsequent illness and its consequences. The optimal
extended scale minor physical anomaly cutoff score

(≥6) for discriminating patients from comparison cases
was the same as the median and very close to the mean
of scores in the patient group. This cutoff score yielded
a specificity of 95% and sensitivity of 60%, a rate that
is in the upper range of minor physical anomaly rates
found in previous studies of schizophrenic groups
(30%–75%) (26). The patient group’s mean total score
on the Waldrop scale was 4.8 minor physical anoma-
lies, which is very close to the mean of 4.2 minor phys-
ical anomalies predicted on the basis of results of 11
previous studies of schizophrenic patients (based on
reference 3 plus table 6.1 in reference 18).

Both the Waldrop scale and the new item scale by
themselves generally identified very significant higher
rates of minor physical anomalies in patients than in
comparison subjects (table 2). Significantly higher
rates of minor physical anomalies were found in all
body areas studied with either the Waldrop scale or the
new item scale or both. While these differences were
generally greater with the new minor physical anomaly
item scale than with the Waldrop scale (table 2), the
specific minor physical anomaly items making signifi-
cant independent contributions to predicting patient
versus comparison group status came from the Wal-
drop scale (table 4). Further, the significantly higher
rate of minor physical anomalies in the normal siblings
of schizophrenic patients than in comparison subjects
was based primarily on the Waldrop scale rather than
on the new item scale (table 2). In total, the results
with the current battery suggest that the minor physi-
cal anomalies associated with schizophrenia are clearly
not limited to those in the Waldrop scale (see also ref-
erence 11) but that the Waldrop scale appears to func-
tion well in identifying minor physical anomalies that
are especially strongly associated with schizophrenia.

Our findings contrast with those of the only previous
study of minor physical anomalies in siblings (7). In
the current study, the normal siblings of schizophrenic
patients had very significant higher rates of minor
physical anomalies in total, as well as in eye and mouth
regions. The specific minor physical anomalies with
very significant increased rates in siblings were epican-
thus (24%), high/steepled palate (52%), and partial
syndactyly of toes (19%). These rates paralleled those
in the total patient group (epicanthus: 23%, palate:
52%, syndactyly: 15%) and were notably higher than
rates in comparison subjects (3%, 19%, and 1%, re-
spectively). With the cutoff score that optimally dis-
criminated patients from comparison subjects, 38% of
the siblings showed notable rates of minor physical
anomalies. This frequency is identical to that for their
rate of total hard and soft neurological signs, based on
a similar, empirically determined cutoff score that de-
fined 5% of the comparison group as deviant (20). The
higher rate of minor physical anomalies in the eye re-
gion in siblings is of special interest, since the neuro-
logical investigation of these siblings also showed high
scores on eye coordination abnormalities (20). These
results are in line with studies demonstrating eye
movement abnormalities associated with schizophre-

TABLE 4. Final Logistic Regression Model for Prediction of
Group Status of 60 Schizophrenic Patients and 75 Normal
Comparison Subjects Based on Minor Physical Anomalies

Variable Beta SE
χ2 

(df=9) p

Curved fifth finger (Waldrop scale) –1.06 0.33 10.24 0.001
Epicanthus (Waldrop scale) –2.43 0.92 7.03 0.008
High/steepled palate (Waldrop scale) –1.01 0.40 6.59 0.01
Hyperconvex fingernails (new item) –2.03 0.91 4.97 0.03
Thin upper lip (new item) –1.12 0.58 3.71 0.05
Malformed ears (Waldrop scale) –1.04 0.59 3.08 0.08
Fused eyebrows (new item) –0.71 0.54 1.73 0.19
Abnormal hair whorls (Waldrop scale) –1.49 1.28 1.36 0.24
Partial syndactyly (Waldrop scale) –0.89 0.79 1.27 0.26
Constant 2.57 0.48
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nia (27). The significantly higher rates of minor physi-
cal anomalies in the mouth region in siblings (versus
normal comparison subjects) are also interesting in
light of a previous study showing a significant associa-
tion between the rate of minor physical anomalies in
this region in patients and a family history of schizo-
phrenia in the patient group (3).

The sibling group’s higher rate of total minor physi-
cal anomalies, in scores for eye and mouth regions and
in specific eye, mouth, and foot minor physical anom-
alies, is especially notable in that (with the exception of
ear malformations) no association was found between
the level or type of minor physical anomalies in the pa-
tient and in the sibling within the same family. Indeed,
even the three specific minor physical anomalies that
were especially increased among siblings (and also
among patients) did not significantly co-occur in the
patient and sibling in the same family (contingency
analysis: epicanthus, Fisher’s exact p=1.00; high/stee-
pled palate, Fisher’s  exact p=0.20; syndactyly, Fisher’s
exact p=1.00). Nevertheless, the patients also had sig-
nificantly more minor physical anomalies than the sib-
lings (tables 1 and 2). One interpretation of this com-
bination of results is that one or more genetic or shared
environmental factors increases the risk for developing
both minor physical anomalies and schizophrenia in
these families at large and that the increased rate of mi-
nor physical anomalies in patients (versus siblings) sig-
nals the increased effect of such factors in those who
later become schizophrenic. Furthermore, the lack of
relationship between patient and sibling minor physi-
cal anomalies within the particular family could speak
against a reproductive defect in the specific mothers
(or fathers) that leads to replication of the same mal-
formation in several siblings in the same family (as is
seen in some families in malformation samples).

The current findings do not appear to support the
hypothesis that minor physical anomalies found in
schizophrenic patients have a predominantly faciocra-
nial topographical pattern, at least within the frame-
work of the anomalies included. First, higher rates of
minor physical anomalies in schizophrenic patients
were found in all six of the body areas studied, both at
a summary score and individual minor physical anom-
aly level (tables 1–3). Second, the individual minor
physical anomalies that made significant independent
contributions (p≤0.01) to predicting patient versus
comparison subject status (logistic regression model)
(table 4) were found in the hand (first rank), eye (sec-
ond rank), and mouth (third rank), followed (nonsig-
nificantly) by another hand item (fourth rank) and an-
other mouth item (fifth rank). While the logistic
regression analyses represent one possible model of the
minor physical anomaly panorama in schizophrenia,
the study results in total would suggest that the minor
physical anomalies associated with schizophrenia are
frequently found in, but are clearly not limited to, the
head and facial region.

The finding of a higher rate of minor physical anom-
alies in the mouth region is especially interesting. High/

steepled palate represents a microform of cleft palate,
which is itself frequently associated with midline brain
anomalies as in fetal alcohol syndrome. Further, mid-
line brain anomalies such as enlarged cavum septi pel-
lucidi and corpus callosum abnormalities have been
found with increased incidence in patients with schizo-
phrenia (28, 29).

The high rate of minor physical anomalies in the
hand region of patients merits further interest, since
some groups of schizophrenic patients, including
those in the current study (30), have shown aberrant
dermatoglyphic patterns (31, 32), which are also pre-
sumptive markers of prenatal neurodevelopmental
disturbances.

With respect to limitations of the study, the sibling
group was rather small, and the results for the siblings,
especially for the co-occurrence of specific minor phys-
ical anomalies in sibling and patient pairs, should be
considered tentative until they are retested on new
groups. The findings for the new item scale should also
be retested on new groups. As in all such studies, ex-
amination of subjects could not be done blindly with
respect to patient versus nonpatient status. Neverthe-
less, examination of minor physical anomalies was
done at a detailed item (rather than global) level, with
acceptable interscorer reliability for the total examina-
tion, and with a notable range of scores across differ-
ent subjects within each of the three groups.

In conclusion, the addition of new minor physical
anomaly items to the examination seems to add valu-
able information concerning minor physical anomalies
in schizophrenic patients. A question of continuing
concern is the particular role of early maldevelopment
in schizophrenia’s total etiological panorama. Investi-
gation of the correlates of minor physical anomalies in
these patients and their normal siblings may yield fur-
ther knowledge about the developmental origins of
this disease.
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