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ABSTRACT

Background. Morphometry, the measurement of forms, is an ancient practice. In particular,
schizophrenic somatology was popular early in this century, but has been essentially absent from
the literature for over 30 years. More recently, evidence has grown to support the notion that
aberrant neurodevelopment may play a role in the pathophysiology of schizophrenia. Is the body,
like the brain, affected by abnormal development in these patients?

Methods. To evaluate global deficit in development and its relationship to pre-morbid function,
height was compared in a large group (N¯ 226) of male schizophrenics and a group of healthy male
controls (N¯ 142) equivalent in parental socio-economic status. Patients in the lower quartile of
height were compared to those in the upper quartile of height.

Results. The patient group had a mean height of 177±1 cm, which was significantly shorter than the
mean height of the control group of 179±4 (P! 0±003). Those in the lower quartile had significantly
poorer pre-morbid function as measured by: (1) psychosocial adjustment using the pre-morbid
adjustment scales for childhood and adolescence}young adulthood, and (2) cognitive function using
measures of school performance such as grades and need for special education. In addition, these
measures of pre-morbid function correlated significantly with height when analysed using the entire
sample.

Conclusions. These findings provide further support to the idea that abnormal development may
play a key role in the pathophysiology of schizophrenia. Furthermore, this is manifested as a
global deficit in growth and function resulting in smaller stature, poorer social skills, and deficits
in cognitive abilities.

INTRODUCTION

The idea that the psyche and the soma go hand
in hand dates back centuries. Aristotle was
among the first group of writers to point out the
relationship between mind and physiognomy
(Ciocco, 1936). In regard to schizophrenia, a
book published by Kretschmer in Germany in
1921 (later published in English) (Kretschmer,
1925), launched at least a decade of work on the
issue of somatic habitus or body type and
psychiatric disease. Later criticized for its lack of
reliability and inconsistent findings, research on
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the issue of body constitution and schizophrenia
has largely been ignored since that time.
Although many of the early studies had con-
flicting findings with regards to body shape or
type, they frequently found one variable that
was abnormal in the schizophrenic population –
height was reduced in the patient sample.

A review of the older literature on somatology
of the schizophrenic patientwas done byBarbara
Betz in 1942. She obtained data from a review
article published by Pearl & Ciocco in 1934 on
the constitution of heart disease where they
listed, in rank order, the stature of 66 separate
groups of males with various medical diagnosis
(cancer, heart-valve disease, flat foot, haem-
orrhoids, etc.), as well as two groups of ‘healthy’
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Table 1. Literature review of stature in males in schizophrenia

Mean height (cm) or schizophrenic males, in relation to comparison groups of males as compiled from the literature*

Rank Group Mean height N Author, year

1 US Army officers with valvular heart disease† 177±52 19 Reed & Love, 1933
21 US Army officers (random sample) 174±85 720 Reed & Love, 1933
39 Normal, healthy males 173±05 272 Pearl & Miner, 1927
63 Schizophrenia 169±45 125 Burchard, 1916
64 Draft recruits with defective physical development 169±09 12393 Davenport & Love, 1921
65 Nephritis and hypertension 167±86 15 Draper, 1924
66 Schizophrenia 168±7 100 Kolle, 1925
67 Schizophrenia 167±6 150 Wells, 1938
68 Schizophrenia 167±0 100 Henckel, 1924
69 Draft recruits underweight 166±37 12129 Davenport & Love, 1921
70 Schizophrenia 165.3 100 Kolle, 1926
71 Gastric and duodenal ulcer‡ 164±28 30 Draper, 1924
72 Schizophrenia 160±5 100 Matecki & Szpidbaum, 1927
73 Schizophrenia 160±2 25 Shaw, 1925

* Adapted from Betz, 1942 and Pearl & Ciocco, 1934.
† Group from the Pearl & Ciocco sample of 66 groups with the highest mean stature.
‡ Group from the Pearl & Ciocco sample of 66 groups with the lowest mean stature.

controls (US army officers and a sample of
normal males). To this list, Betz then added the
mean stature of seven groups of males with
schizophrenia, compiled from the literature, and
rank ordered them again, raising the total
number of separate groups to 73. Results from
a subgroup of the larger sample of 73 are
presented in Table 1. All of the schizophrenic
groups ranked in the lowest one-fifth of the
series.

Though very few studies have been done in
more modern times, the finding of schizophrenic
patients being somewhat smaller in stature is a
consistent finding over time and even across
nations: in 1942, Betz found a group of 193
women with schizophrenia to be significantly
smaller than controls. In 1972, Singer et al.
reported that a group of 411 Chinese patients
with schizophrenia were smaller in stature than
controls and, in 1976, Kemali et al. reported that
a group of 219 Italian patients with schizo-
phrenia were significantly shorter than controls.
In addition, at least two articles have evaluated
height differences within subtypes of schizo-
phrenia: in 1968, Pivnicki & Christie reported
height across subtypes of schizophrenia with
simple subtype the smallest!hebephrenic sub-
type! catatonic subtype!paranoid subtype,
and that all groups, with the exception of the
paranoid type, were smaller than a comparison
group of patients with manic depressive illness.
Similarly, Houston & Bloom (1975) reported
that stature was lower for males with chronic

schizophrenia compared with controls, but acute
schizophrenics were not smaller than controls.

In more recent years, the measurement of
height has been collected, usually to control for
overall body or brain size in brain imaging
studies in schizophrenia. Though often not
highlighted in the study, several samples, in-
cluding previous ones from our own laboratory,
have shown that patients, on average, tend to be
shorter than controls (Hauser et al. 1989;
Andreasen et al. 1990; Bogerts et al. 1993;
Flaum et al. 1995).

Though measurement of body proportion
and shape may not be a reliable or germane
measure to schizophrenia, there is good reason
to believe that overall stature or height may be.
One reason is that there now appears to be an
abundance of evidence to support the notion
that aberrant neurodevelopment may play a role
in the pathophysiology of schizophrenia. Sup-
port from this comes not only from brain
findings (Akbarian et al. 1993; Nopoulos et al.
1995, 1996, 1997), but also from studies showing
abnormal social skills (Walker & Lewine, 1990)
and cognitive dysfunction (Jones et al. 1994) in
pre-schizophrenic children.

Several studies have reported that the birth-
weight of patients with schizophrenia is signifi-
cantly lower than their well siblings (Lane &
Albee, 1966; Woerner et al. 1971; Torrey, 1977),
patients with affective psychosis (Rifkin et al.
1994), or normal controls (McNeil et al. 1993).
In addition, poor pre-morbid social adjustment
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in schizophrenia has been shown to be predicted
by low birth weight (Foerster et al. 1991; Rifkin
et al. 1994) giving further credence to the notion
that those patients who manifest early signs of
growth delay go on to have other deficits.

To investigate the notion of a global deficit in
growth and function, we studied height in a
large group of patients with schizophrenia
compared with a sample of healthy controls.
Stature was then evaluated in relation to a
variety of phenomenological variables, including
measures of pre-morbid motor, cognitive, and
social function, as well as post-morbid measures
of illness severity. It was hypothesized that the
patient group would be shorter than the controls
and that those patients whose stature was most
affected would manifest the poorest pre-morbid
function and more severe illness.

METHOD

To eliminate the confound of sex on height and
on phenomenological variables of the illness, we
limited the sample to males only. In addition, we
limited the sample to those males at least 21
years of age, as it has been shown that the
epiphyseal plate does not fully close until about
age 21 (Greisheimer, 1950), and thus long bone
growth is still possible in males up to then. The
patient sample (N¯ 226) consisted of consecu-
tive admissions to the University of Iowa Mental
Health Clinical Research Center in-patient unit.
All patients were diagnosed as having DSM-
III-R schizophrenia by consensus of at least
three research psychiatrists. Height was meas-
ured at the time of admission by a research nurse
and recorded in centimetres.

Demographic and pre-morbid measures

Each patient’s demographic information, as well
as past and current symptom history, was
obtained using the Comprehensive Assessment
of Psychiatric History (CASH) (Andreasen et al.
1992), a semi-structured interview that embeds a
variety of measures that are relevant to the study
of schizophrenia. All possible sources of in-
formation were used to complete the CASH –
patient interview, interview with informant
(usually mother) and medical records. Parental
socioeconomic status was derived from the
Hollingshead scale (Hollingshead & Redlich,
1958). This scale ranged from 1 (families of

wealth, education, top-rank social prestige) to 5
(unskilled and semi-skilled workers ; elementary
education).

Within the CASH, the modified Pre-morbid
Adjustment Scale (PAS) was used to evaluate
social and interpersonal function prior to the
onset of illness. Adapted from the Pre-morbid
Asocial Adjustment Scale developed by
Gittelman-Klein & Klein (1969), the modified
version in the CASH has been shown to have
good inter-rater and test–retest reliability (Gupta
et al. 1995). The pre-morbid period was di-
chotomized into childhood (6–12 years) and
adolescence (13–21 years), and ended 1 year
prior to the first psychiatric contact or 1 year
prior to the onset of characteristic florid
symptoms, whichever came first.

Also within the CASH, school performance
was measured by two variables : average grades
(1–5 scale ; the higher the number, the better the
average grades) and education problems (1–5
scale ; the higher the number, the fewer problems,
such as being held back or needing special
education).

Symptom and cognitive measures

Phenomenological measures, such as age of
onset, duration of illness, number of previous
hospitalizations and total duration of hospital-
izations, were obtained from the CASH. Current
symptoms were recorded as worst in the past
month using the Scale for the Assessment of
Positive Symptoms (SAPS) (Andreasen, 1984)
and the Scale for the Assessment of Negative
Symptoms (SANS) (Andreasen, 1983) within
the current section of the CASH. Several factor
analytical studies of the SANS}SAPS have
indicated three independent symptom dimen-
sions: psychosis, disorganization and negativity
(Miller et al. 1993; Andreasen et al. 1995a, b).
Global scores for each of the three dimensions
were calculated from the SANS}SAPS. Past
symptoms were obtained from the past history
section of the CASH, again using global SANS}
SAPS scores from the three dimensions of
pathology.

Cognitive assessment was performed using a
comprehensive battery designed to test a wide
variety of functions. The entire battery was
administered to patients when they were deemed
clinically stable. This was done typically while
patients were on their current medication
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regimen and prior to a 3 week medication
washout. However, if the patient was admitted
with no neuroleptic exposure, the testing was
done prior to medication treatment. This analy-
sis used only the Full Scale IQ from the
WAIS-R.

The normal control sample (N¯ 122) was
obtained from the community via newspaper
advertisement. They were screened for any
personal or family history of psychiatric illness.
In addition, they were screened and eliminated if
they had a history of, or were currently positive
for, substance abuse.

All subjects gave written informed consent.

Statistical analysis

Paired t tests were used to evaluate height
between patient and control groups. The entire
patient sample was segmented to construct two
extreme groups for comparison: the upper
quartile of height (N¯ 62; ‘ tall ’) and lower
quartile of height (N¯ 61; ‘small ’). Paired t
tests were used to evaluate differences in pre-
morbid and morbid measures between the
extreme height groups. Since we had a priori
hypotheses that the patient group would be
smaller and that the smaller patients would have
the poorest pre-morbid function and more severe
illness, one-tailed tests were used.

For those variables that showed a significant
difference between the ‘small ’ patients versus the
‘ tall ’ patients, additional correlation analysis
was performed on the entire sample using non-
parametric methods.

RESULTS

The two groups were initially tested for dif-
ferences in parental socio-economic status, since
differences in nutrition and health may be related
to social class and may have a direct effect on
biological developmental variables, such as
height. The patient group did not differ signifi-
cantly from the control group in parental
socioeconomic status (t¯ 1±23, P! 0±23). More-
over, the two extreme groups of patients (upper
quartile of height v. lower quartile of height)
also did not differ with regard to parental
socio-economic status (t¯ 1±24, P! 0±22).

The mean height of the schizophrenic sample
was 177±1 cm (..¯ 7±98). This is significantly
shorter than the mean height of the controls,

30

25

20

15

10

5

0

Pe
rc

en
ta

ge
 o

f 
su

bj
ec

ts

14
5–

14
9

15
0–

15
4

15
5–

15
9

16
0–

16
4

16
5–

16
9

17
0–

17
4

17
5–

17
9

18
0–

18
4

18
5–

18
9

19
0–

19
4

19
5–

19
9

20
0–

20
4

Height (cm)

F. 1. Frequency distribution of height in patient (+) and control
(7) groups.

which was 179±4 cm (..¯ 6±99); t¯ 2±76, P!
0±003. Fig. 1 displays the distribution of height
for both the patient and control groups. As can
be seen visually, as well as by statistical methods
(Shapiro–Wilk W test for normality), both
groups were normally distributed: controls
W¯ 0±981, P¯ 0±488; patients W¯ 0±984,
P¯ 0±568. The patient group was shifted slightly
to the left with controls outnumbering patients
in the upper half of the distribution and patients
outnumbering controls in the lower half of the
distribution. To test whether the two distrib-
utions were different from one another, a
Kolmogorov–Smirnov D statistic was done. This
showed marginal significance (D¯ 0±145, P!
0±05). However, since this difference can be
caused by a mean shift, the two distributions
were centred and re-tested. Once the averages
were lined up (i.e. centred), the D statistic was
no longer significant (P" 0±12). Finally, an F
test shows no significant difference (P" 0±08) in
the variances between the two groups.

The pre-morbid variables between the two
extreme groups within the patient’s sample were
then analysed, as shown in Table 2. All pre-
morbidmeasures of social and cognitive function
were significantly poorer in the ‘small ’ patient
group, including pre-morbid adjustment (both
childhood and adolescence}young adult), edu-
cation performance, and education problems.
This indicates that the ‘small ’ had significantly
more dysfunction in social and cognitive skills
prior to the onset of their illness.

In contrast to the pre-morbid measures, all of
the post-morbid or current measures of illness
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Table 2. Comparison of pre-morbid measures between the ‘small ’ patients and the ‘ tall ’ patients

N Mean (..) t P

Childhood Pre-morbid Adjustment Scale (ages 6–12)
Lower quartile 61 4±08 (2±4)
Upper quartile 60 3±05 (2±2) 2±46 ! 0±008

Adolescence and young adulthood (ages 13–21)
Lower quartile 61 5±93 (2±7)
Upper quartile 60 4±90 (2±5) 2±16 ! 0±015

Education performance
Lower quartile 61 2±87 (1±0)
Upper quartile 59 2±56 (0±83) 1±81 ! 0±04

Education problems
Lower quartile 61 1±77 (1±0)
Upper quartile 59 1±31 (0±67) 2±94 ! 0±000

Table 3. Comparison of post-morbid measures between the ‘small ’ patients and the ‘ tall ’ patients

N Mean (..) t P

FSIQ
Lower quartile 43 87 (10±9)
Upper quartile 43 90 (8±0) 1±4 ! 0±09

Age of onset
Lower quartile 62 22±6 (6±3)
Upper quartile 60 22±5 (4±3) 0±09 ! 0±461

Duration of illness (months)
Lower quartile 62 137 (114)
Upper quartile 60 132 (98) 0±25 ! 0±40

Number of previous hospitalizations
Lower quartile 51 7±14 (14)
Upper quartile 46 6±47 (6±3) 0±29 ! 0±38

Negative symptoms (current)
Lower quartile 62 12±1 (3±8)
Upper quartile 60 12±8 (3±3) 1±03 ! 0±15

Psychotic symptoms (current)
Lower quartile 62 6±6 (2±3)
Upper quartile 60 6±0 (2±4) 1±5 ! 0±07

Disorganized symptoms (current)
Lower quartile 62 5±5 (3±2)
Upper quartile 60 5±5 (3±0) 0±03 ! 0±49

Negative symptoms (past)
Lower quartile 48 12±41 (3±1)
Upper quartile 49 13±22 (3±1) 1±29 ! 0±10

Psychotic symptoms (past)
Lower quartile 58 7±46 (1±9)
Upper quartile 56 6±87 (2±6) 1±37 ! 0±086

Disorganized symptoms (past)
Lower quartile 58 6±81 (3±7)
Upper quartile 56 6±57 (3±5) 0±35 ! 0±35

severity did not show any significant difference
between the ‘small ’ and the ‘tall ’ patient groups
(see Table 3). Contrary to our hypothesis, the
‘small ’ group did not seem to manifest more
severe illness, as measured by age of onset, total
number of previous hospitalizations, cognitive
function (FSIQ), or any of the symptom
measures. There was, however, a trend for the

‘small ’ group to have lower FSIQ (P! 0±09)
and to have more psychotic symptoms both
currently (P! 0±07) and in the past (P! 0±086).

To examine whether the finding of poor pre-
morbid function in the small patient group is a
finding that is specific to schizophrenia, or if this
is a generalized phenomenon, we conducted
further analysis on the control sample. ‘Pre-
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Table 4. Correlations between height and
phenomenological measures

Height

Childhood
pre-morbid
adjustment

Adolescent
pre-morbid
adjustment

Education
performance

Education
problems

r ®0±181 ®0±174 ®0±155 ®0±224
P 0±007 0±009 0±020 0±000
N 221 221 222 221

morbid’ or childhood function of the control
group was not available ; however, at the time of
enrolment into our study, controls were given a
neuropsychological battery and thus adult in-
telligence quotients were available (FSIQ). Be-
cause childhood cognitive function should in-
deed be highly correlated with adult FSIQ, the
FSIQ was considered a proxy for childhood
cognitive function in the control group. The
control group was divided into extreme cat-
egories of height with the lower quartile rep-
resenting the ‘small ’ group (N¯ 42) and the
upper quartile representing the ‘tall ’ group
(N¯ 43). The mean FSIQ of the small group
(112±1, ..¯ 13±4) was not significantly different
than that of the tall group (113±1, ..¯ 12±2,
P¯ 0±706. Furthermore, Spearman correlations
using the entire group of controls showed no
relationship between height and FSIQ (r¯
0±018, P¯ 0±84), whereas there was a significant
correlation between FSIQ and height in the
patient sample (r¯ 0±146, P¯ 0±03).

In an effort to verify the differences in phenom-
enological variables between groups, all meas-
ures that showed significant difference between
the extreme groups were correlated to height
using the entire sample. These results are
presented in Table 4. All four of the pre-morbid
functioning variables from the t test analysis
that showed significant differences between the
extreme groups were correlated with height : (1)
pre-morbid psychosocial adjustment score (both
childhood and adolescence}young adult section)
was negatively correlated with height, suggesting
that the smaller the child, the poorer the social
adjustment ; (2) education performance was
negatively correlated with height, indicating that
the smaller the child, the lower the grades; and
(3) education problems were also negatively
correlated with height, showing that the smaller
the child, the more difficulty he}she had with

school. It is important to note that the cor-
relations, though statistically significant, are
quite small and account for only a small portion
of the variance in height. However, as the
correlations were all in the expected direction,
this analysis appears to support the t test analysis
of the extreme groups for the pre-morbid
variables.

DISCUSSION

These findings provide further support to the
notion that developmental factors may play a
role in the pathophysiology of schizophrenia.
There appears to be a global disturbance of
growth and development that may begin very
early, but also extends beyond the intrauterine
period into infancy, childhood, and even through
adolescence, manifesting in overall smaller stat-
ure in adulthood compared to healthy controls.
In addition to deficits in size, there are ac-
companying deficits in social skills and cognitive
abilities. This relationship between small stature
and cognitive abilities does not appear to be a
universal phenomenon seen in the general
population, as indicated by the lack of re-
lationship between FSIQ and height in our
control sample. The differences in the patient
extreme group comparison were most prominent
during the pre-morbid period. After onset of the
illness, the ‘small ’ group of patients did not
appear to manifest a greater degree of severity of
illness, though they showed consistent trends
toward having more psychotic symptoms.

Analysis of the distribution of height in patient
and control groups suggests that the smaller
stature in the patient population is not a
phenomenon specific to only a subgroup of
patients. Instead, there is a distributional shift
downwards, consistent with a uniform effect.
Though the notion that schizophrenia represents
a heterogeneous group of patients (and possibly
a variety of aetiologies) has been popular, the
current data are supportive of other studies of
biological markers of schizophrenia that argue
against a subgroup phenomenon. For example,
Daniel et al. (1991) pooled data from 671
patients, 205 medical controls and 160 healthy
volunteers, and found no bimodal distribution
in VBR among the patients, supporting the
notion that ventricular enlargement is not
specific to a subgroup of patients. Lane & Albee
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(1966) studied dysmorphic facial features in a
sample of 174 patients and 80 matched controls
and once again found a uniform distribution
shift upward in abnormal facial features in the
patients, rather than a distribution supportive of
a subgroup effect.

These findings are supportive of the earlier
anthropometry literature, from as early as 1916,
that schizophrenic patients were somewhat
smaller (Burchard, 1916). In addition, they
support the more recent literature on the
implications of lower birth weight in patients
with schizophrenia and, in particular, the studies
by Foerster et al. (1991) and Rifkin et al. (1993),
which showed an association between lower
birth weight and poor childhood social and
cognitive function.

In contrast to the current findings, a recent
meta-analysis of brain and cranial size in
schizophrenia also evaluated height and found
no relationship to diagnosis (Ward et al. 1996).
However, the Ward meta-analysis may have
been confounded by gender. The meta-analysis
compiled brain imaging studies that had meas-
ured brain (N¯ 27 studies), intracranial (N¯
18 studies), or extracranial size (N¯ 8 studies).
Within that pool of studies, 17 reported height
information, and a secondary meta-analysis was
performed. However, in six of the 17 studies,
samples were unbalanced for gender, yet height
was reported as a mean patient value, rather
than separated for each gender. Further, in five
of these six studies, the percentage of male
patients was greater than the percentage of male
controls. For example, in the study of Grove et
al. (1991), the patient sample was 77% male and
the mean height reported for the entire patient
sample was 177±2 cm. The control sample was
47% male and the mean control sample height
was reported at 172 cm. Since males are taller
than females on average, mean height values for
groups unbalanced in gender would seriously
confound any diagnostic effect on stature. In
particular, the mean patient height would often
be artificially elevated in many of the studies, as
the percentage of male patients exceeds the
percentage of male controls.

The aetiology of height is multifactorial, with
strong genetic factors, but also environmental
factors, such as disease and nutrition, playing a
substantial role. The patient and control groups
did not differ significantly in parental socio-

economic status. Therefore, the shorter stature
among the patients is not likely to be due to
differential environmental influences between
the two groups. It is also important that our
control group was not obtained epidemi-
ologically and, therefore, could possibly contain
an ascertainment bias. However, this would not
account for the differences in height seen within
the patient group in relation to pre-morbid
factors.

What factors could lead to a global and
sustained delay in development? In the context
of schizophrenia, both environmental and gen-
etic factors have been implicated. Moreover,
many of the ‘environmental ’ insults proposed to
cause abnormal development later manifested as
schizophrenia are typically early insults such as
viral infection (Mednick et al. 1994), maternal
malnutrition (Susser et al. 1996), Rh incom-
patibility (Hollister et al. 1996) and birth injury
(Cannon et al. 1989). These factors would play a
large part in the determination of intrauterine
growth and may be a determinant in the reported
findings of decreased birth weight in schizo-
phrenic babies. However, as is implicated by the
current study, it is not intrauterine growth alone
that is delayed. At least for some patients,
growth appears to be delayed through the time
in which adult stature is obtained (for males,
sometime prior to age 21). Therefore, intra-
uterine environmental factors cannot be the
only process affecting growth.

What factors would be affecting the growth of
pre-schizophrenic children? As mentioned
earlier, height is determined by some com-
bination of genetics and environment. Since our
patient and control sample is not different in
parental socio-economic status, this reduces
some of the differential effects of environment
during childhood. This suggests that genetic
factors may play an important role in the global
developmental deficit. Many congenital}genetic
syndromes are associated with short stature.
Moreover, in the majority of these syndromes
there is also cognitive dysfunction, the most
notable example being Down’s syndrome (Jones,
1997). Generally speaking, schizophrenia may
have much in common with a syndrome such as
Down’s : a developmental syndrome initially
manifested as global growth development with
early cognitive deficits and later neuropsychiatric
syndromes. For Down’s, the later neuro-
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psychiatric syndrome is typically dementia, while
for ‘developmental schizophrenia’, it is psy-
chosis. The genetics of schizophrenia, however,
are far from being as straightforward as for
other genetic syndromes such as Down’s. In
fact, the validity of the distinction between
‘familial ’ and ‘sporadic ’ schizophrenia has
recently been called into question, as the two
groups are hard to distinguish from one another
(Roy & Crowe, 1994). To understand more fully
the aetiology of a global deficit in growth, future
studies will need to address the issue of the
impact of either pre- or perinatal complications
and family history on pre-morbid function and
adult stature.
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