1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Schizophr Res. 2007 January ; 89(1-3): 72-85. doi:10.1016/j.schres.2006.09.002.

Minor physical anomalies in schizophrenia: a meta-analysis

Seth M. Weinberg®b, Elizabeth A. JenkinsC, Mary L. Marazita®¢:d:€, and Brion S. Maher@

aCenter for Craniofacial and Dental Genetics, Department of Oral Biology, School of Dental Medicine,
University of Pittsburgh, Pittsburgh, PA 15219, USA

bDepartment of Anthropology, University of Pittsburgh, Pittsburgh, PA 15260, USA

cDepartment of Human Genetics, Graduate School of Public Health, University of Pittsburgh, Pittsburgh,
PA 15261, USA

dDepartment of Oral and Maxillofacial Surgery, School of Dental Medicine, University of Pittsburgh,
Pittsburgh, PA 15261, USA

eDepartment of Psychiatry, School of Medicine, University of Pittsburgh, Pittsburgh, PA 15261, USA

Abstract

Numerous studies report an increased frequency of minor physical anomalies (MPAS) in
schizophrenic individuals compared with controls. However, these studies vary considerably
regarding the magnitude of the case-control disparity and the topographical distribution of the
anomalies. A meta-analysis was carried out on the existing MPA literature in an effort to better
understand the relationship between MPAs and schizophrenia. Following a literature search, 13
studies were identified that met our inclusion criteria. Mean total MPA scores were available for 11
of these studies, whereas only seven studies provided regional MPA scores. For both the total MPA
and regional MPA analyses, pooled effect sizes (Hedges' g and pooled odds ratios, respectively) were
calculated along with tests of heterogeneity. For the total MPA analyses, a meta-regression approach
was used to explore the relationship between possible moderator variables (e.g., number of MPA
scale items) and effect size heterogeneity. The magnitude of the pooled effect size for the total MPA
scores was high (1.131; p < 0.001), indicating significantly more overall MPAs in schizophrenic
individuals. Significant effect size heterogeneity was present (p < 0.001); however, this heterogeneity
could not be explained by any of the included moderator variables. The regional MPA analysis
revealed significantly increased MPAs in all six anatomical regions (p < 0.05), although the pooled
odds ratios for these regions did not differ significantly from one another. These results suggest a
lack of regional specificity for MPAs in schizophrenia.
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1. Introduction

The neurodevelopmental model of schizophrenia asserts that the etiological origins of the
disease can be traced to events occurring prenatally (Weinberger, 1987; Murray et al., 1992;
Waddington et al., 1999; Marenco and Weinberger, 2000; McGrath et al., 2003). Several
diverse lines of evidence now support this model including epidemiological data (e.g., in utero
disease and stress exposure [reviewed in Cannon et al., 2004]), the presence of birth/pregnancy
complications (Geddes and Lawrie, 1995; NcNeil et al., 2000; Cannon et al., 2002), the
observed pattern of developmental brain anomalies (Roberts et al., 1987; Weinberger, 1987;
Woods, 1998; Harrison, 1999), the presence of pre-morbid behavioral and neuromotor deficits
(Davies et al., 1998; Kravariti et al., 2004), and the gross somatic abnormalities that tend to
accompany the disease (Murphy and Owen, 1996; Buckley, 1998; NcNeil et al., 2000).
Regarding this last category, particular emphasis has been placed on the presence of excess
minor physical anomalies (MPAS) in those affected with schizophrenia. MPAs are typically
described as subtle morphological deviations that are of little functional or cosmetic
consequence (Jones, 1997), but may represent risk markers for underlying disease
susceptibility (Hoyme, 1993; Tarrant and Jones, 1999); this is thought to be particularly true
when multiple MPAs occur together in a given individual and/or when an individual is already
at high risk (e.g., the first degree relative of an affected individual).

In the vast majority of studies, the Waldrop scale (or some variant thereof) has been used to
assess MPAs in schizophrenia (Waldrop et al., 1968; Waldrop and Halverson, 1971). At best,
this scale is a heterogeneous suite of physical features that span a wide range of developmental
time points and vary considerably in their etiological relevance. It is not surprising, therefore,
that its widespread implementation has drawn some pointed criticism (Krouse and Kauffman,
1982; Murphy and Owen, 1996; Lane et al., 1997; Trixler et al., 1997; 2001; McNeil and
Cantor-Graae, 2000). From an embryological perspective, however, many of the items on the
Waldrop scale (specifically craniofacial features) are closely related to underlying brain
development due to shared ectodermal origins and/or functional growth dependencies (Le
Douarin and Kalcheim, 1999; Francis-West et al., 2003). This fact legitimizes to some extent
the use of this admittedly imperfect tool in psychiatric research.

Numerous studies to date have examined the relationship between MPAs and schizophrenia
(Murphy and Owen, 1996). These studies typically fall into one of the following two categories:
those that compare the frequency of MPAs between schizophrenic or at-risk cases and healthy
controls and those that explore the relationship between MPAs and other putative indices
(morphological, cognitive, etc.) within a sample of schizophrenic individuals. Regarding
studies that fall into the first category, there is general agreement that schizophrenic cases
possess more MPAs than healthy controls. It is also clear, however, that the magnitude of the
disparity in MPA scores between cases and controls varies widely across studies. Currently,
there is no clear explanation for this outcome variability. Furthermore, results of studies
reporting the topographical distribution of MPAs in schizophrenic individuals are highly
variable, although it is generally held that the greatest number of MPASs occur within the oral
cavity (Tarrant and Jones, 1999). Importantly, information about which regions are most
susceptible to MPAs can provide clues to the temporal origins of the dysmorphology and its
underlying relationship to brain development.

Thus, there are still a number of issues to be clarified concerning the link between MPAs and
schizophrenia. In this report, we utilize a meta-analytic approach to synthesize the existing
evidence on MPAs and schizophrenia. In doing so, we attempt to answer the following
questions: 1) Do schizophrenic individuals consistently demonstrate more MPAs than healthy
controls? 2) Can certain methodological factors adequately account for the variability in
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casecontrol differences across studies? 3) Do the case-control differences in MPAs occur more
often in specific anatomical regions?

2. Materials and Methods

2.1.Literature search and selection

To identify pertinent articles, a two-stage literature search was carried out. First, an online
PubMed database search was performed. Search terms included “minor physical anomalies
and schizophrenia”, “MPA and schizophrenia” and “dysmorphic and schizophrenia.” The
PubMed search was limited to non-review articles in English. This search produced 76 unique
articles, 45 of which were deemed relevant after review of titles and abstracts. In the next phase,
the references from each relevant study were examined manually to identify any studies
overlooked in the initial PubMed search; four were found. As a result, a total of 49 relevant
articles were identified. Of these, only 13 studies met our inclusion criteria, namely that: 1) a
case-control design was utilized; 2) mean MPA scores and/or raw MPA frequencies were
available for both the case and control group; 3) cases had a diagnosis of schizophrenia, not
schizoaffective or schizotypal disorder; 4) established and internationally recognized
diagnostic criteria (e.g., DSM) were used; 5) the Waldrop scale or some variant of it was used
in the MPA assessment; and 6) the samples did not overlap with those reported in other studies.
In situations were there was uncertainty regarding sample overlap among studies, only one
study was chosen to be included. The decision over which study to include was made on a case
by case basis but was typically informed by factors such as sample size and overall study
quality. Studies based on samples of twins were also excluded because offspring that share a
prenatal environment may be developmentally compromised, which could obscure any case-
control differences. Descriptive characteristics of the 13 included studies are provided in Table
1. A list of the 36 excluded studies and the reason(s) for their exclusion are provided in Table
2.

2.2. Statistical analysis

2.2.1. Assessment of Total MPA Scores—Of the 13 studies that met our inclusion
criteria, 11 provided mean scores for the total set of MPAs in both schizophrenia cases and
healthy controls (Gualtieri et al., 1982; Lal and Sharma, 1987; Green et al., 1989; Lohr and
Flynn, 1993; Alexander, 1994; Lane et al., 1997; Ismail et al., 1998; Hata et al., 2003a; Sivkov
and Akebaliev, 2003; Gourion et al., 2004a; Joo et al., 2005). For each study, the effect size
g (Hedges’ g) was calculated. Hedges’ g is an unbiased parametric effect size index based on
the standardized mean difference between two samples. As such, it can be calculated directly
from the case and control means, standard deviations and sample sizes provided (Hedges and
Olkin, 1985). Typically, effect size magnitudes between 0.2 and 0.5 are interpreted as weak,
between 0.5 and 0.8 as moderate, and over 0.8 as large (Cohen, 1988). To test whether a given
effect size is significantly different from zero (i.e., no difference between groups), 95%
confidence intervals were generated (Klein, 2004; p. 108). Once the effect size for each
individual study was obtained, the variance across effect sizes was assessed by calculating
Cochran’s heterogeneity statistic Q (Cochran, 1954). This statistic tests the null hypothesis that
the effect sizes obtained from a sample of independent studies are similar enough to estimate
a common population effect size.

Finally, a single pooled effect size for all 11 studies was calculated accompanied by its 95%
confidence interval, with each study weighted by its conditional variance (inverse variance
method). Fixed-effects models for estimating cumulative effect sizes are considered
inappropriate in most circumstances when a large amount of heterogeneity is present
(DerSimonian and Laird, 1986). In these situations, a random-effects model is typically utilized
where a second weighting term is included to account for the between-study variation in effect
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size (Sutton et al., 2000; p. 75). The results of the abovementioned heterogeneity test informed
our choice of model. To evaluate potential publication bias (e.g., the non-publication of studies
with negative findings), Rosenthal’s fail-safe N statistic was computed (Rosenthal, 1979). This
statistic provides an estimate of how many additional studies with a zero effect size would
hypothetically be required to render a given pooled effect size statistically non-significant.

Following the initial meta-analysis, a sensitivity analysis was performed. In this analysis, each
of the 11 original studies was excluded one at a time and the pooled effect sizes were
recalculated from the remaining ten studies in an iterative fashion. This allowed for an
assessment of the overall robustness of the meta-analysis as well as detection of the most
influential studies. In addition, meta-regression was utilized to explore the extent to which
selected study characteristics might explain between-study variation in effect size. A mixed-
effects regression model (method of moments) was employed, where a random effect term is
included in the regression model to account for any residual variance left unexplained by the
included covariate (Sutton et al., 2000). At a practical level, the mixed-effects model produces
wider confidence intervals for the regression parameters, compared to the standard fixed-
effects model (Thompson and Sharp, 1999). To evaluate the explanatory power of each
covariate (i.e., study characteristic) in the regression model, tau-squared (t2), which is an
estimate of the residual between-study variance in effect size, was generated both before and
after covariate inclusion. The degree of reduction in t2 following covariate inclusion provides
a means of assessing how much variance was accounted for by that covariate. Specifically, we
predict that number of MPA scale items, overall methodological quality, and case-control sex
ratio will account for a significant portion of the effect size variance. To assess methodological
quality, a single score was derived for each study based on a ten item quality scale (Table 3);
studies with higher scores were deemed superior. The case-control sex ratio was determined
for each study by dividing the male to female ratio in the case sample by the male to female
ratio in the control sample. Values equal to one indicate that the proportion of males (relative
to females) in the case and control samples are equivalent. Values greater than or less than one
indicate that the proportion of males (relative to females) in the case sample is either greater
than or less than that in the control sample, respectively. These values can be calculated directly
from the information in Table 1.

2.2.2. Regional MPA Analysis—A separate analysis of MPA frequency by anatomical
region (head, eyes, ears, mouth, hands and feet) was carried out. For this analysis, a total of
seven studies could be included (Green et al., 1989; McGrath et al., 1995; Ismail et al., 1998;
Lawrie et al., 2001; Hata et al., 2003a; Sivkov and Akebaliev, 2003; Gourion et al., 2004a)
because they were the only studies that provided raw counts for MPAs. Per region odds ratios
(ORs) were calculated for each study in the following manner:

OR=ad/bc

where a and c are the total number of anomalies observed per region for cases and controls,
respectively, and b and d are the total number of anomalies absent per region for cases and
controls, respectively. The quantities for b and d were computed by taking the maximum
number of anomalies possible for a particular region (the case/control sample size multiplied
by the number of items included for that region) and subtracting the actual number of anomalies
observed, quantities a and c. For example, let us suppose that for a given study with a sample
of 30 cases and 40 controls, five anomalies were evaluated for the head region. The maximum
number of head anomalies possible in this scenario would be 150 for cases and 200 for controls.

For each region, the ORs from each study were combined using the Mantel-Haenszel method
with continuity correction for empty cells (Sutton et al., 2000; p. 64). As with the analysis of
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total MPA scores, approximate 95% confidence intervals and heterogeneity statistics were
computed to aid interpretation of the per region pooled OR. Once pooled ORs were derived
for each region, a mixed-model ANOVA was used to compare the pooled estimates across
regions. The purpose of this test was to determine whether the prevalence of MPAs in
schizophreniawas significantly greater in particular regions. Due to the small number of studies
included, it was not feasible to utilize meta-regression to explore the relationship between
individual study characteristics and ORs.

All calculations and statistical tests were carried out with the software package Comprehensive
Meta-Analysis version 2.0 (Biostat Inc., Englewood, NJ).

3.1. Mean total MPA scores

Meta-analysis results along with descriptive statistics are reported in Table 4 and represented
graphically in Figure 1. Individual effect size statistics for the 11 studies ranged from 0.31 to
2.06, with seven studies reporting effect sizes over 0.80. In all 11 studies, the direction for the
effect size indicates that schizophrenic cases possessed higher MPA scores than controls. In
only asingle study (Alexander etal., 1994), the effect size failed to reach statistical significance.
Given the range of individual effect sizes observed, there was significant effect size
heterogeneity across studies (Q = 128.33; df = 10; p < 0.001). In light of this fact, a random-
effects model was used to generate a pooled effect size estimate for the 11 studies. The
magnitude of the pooled effect size for this sample of studies was quite large at 1.131 (p <
0.001), indicating a considerable disparity in total MPA scores between schizophrenic cases
and healthy controls. The fail-safe N statistic indicated that over 1000 studies with null effect
sizes would be needed to render this pooled estimate insignificant, suggesting that publication
bias played a little or no role in producing the observed results.

Results of the sensitivity analysis revealed that removing any single study failed to result in a
significant shift in the pooled effect size estimate (see Figure 2). The largest negative shift
occurred following the removal of Lal and Sharma (1987), which was to be expected, based
on the large effect size observed for this study (2.06). The largest positive shift occurred
following the removal of Joo et al. (2005). In both cases, however, there was still a negligible
net effect on the overall pooled estimate. This suggests that all 11 studies were similarly
influential and that the meta-analysis is generally robust. Furthermore, these results provide
indirect evidence that certain moderator variables were poorly correlated with effect size. For
instance, in seven of the 11 studies the samples were derived from different populations (the
other four were from the USA; see Table 1). Since the removal of any one of these studies
produced almost no shift in the pooled effect size, population was unlikely to be a major
determining factor of study outcome. In other words, the variation in effect size across studies
could not be adequately explained by the population from which the study samples were
derived.

As mentioned previously, a more formal evaluation of effect size heterogeneity was also carried
out using a meta-regression approach, where the relationship between quantitative study
characteristics and effect size was explored. Neither number of MPA scale items nor overall
methodological quality nor case-control sex ratio was able to account for a significant
proportion of the between-study variance in effect size. Prior to the inclusion of these
covariates, between-study variance (t2) was 0.353. Following their inclusion, the residual
between-study variance was 0.232 for number of MPA items, 0.224 for methodological quality
and 0.249 for case-control sex ratio (a 33%, 37% and 29% shift, respectively). This indicates
that only a modest portion of the original effect size variance could be explained by any one
covariate. Not surprisingly, none of the regression models were statistically significant (p >

Schizophr Res. Author manuscript; available in PMC 2009 April 7.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Weinberg et al.

Page 6

0.05). Additionally, no meaningful trend could be detected between year of publication and
effect size, as revealed visually in Figure 1. Consequently, because the criteria used for
schizophrenia diagnosis (DSM-I11, DSM-111-R, DSM-1V) has evolved over the time frame of
these publications, this can be precluded as a factor underlying effect size heterogeneity as
well.

3.2. Regional MPA analysis

Individual study and pooled results for the regional MPA analysis are reported in Table 5 as
odds ratios and represented visually in Figure 3. In all regions the vast majority of individual
study ORs were greater than one, indicating an increased frequency of MPASs in schizophrenia;
in just over half (54%) of these cases the OR was statistically significant. Three studies reported
ORs less than one: Green et al. (1989) for eyes, McGrath et al. (1995) for ears and mouth and
Lawrie et al. (2001) for ears, mouth and hands. However, none of these ORs were significantly
different from one. An OR for the head region for McGrath et al. (1995) could not be calculated
because the authors did not include any anomalies from this region in their analysis. Each of
the six anatomical regions (head, eyes, ears, mouth, hands, and feet) had a pooled effect size
significantly greater than one (p < 0.05). In terms of specific regions, the mouth region was
found to have the largest pooled effect size of 2.65 as well as the greatest confidence interval,
while the ears were found have the smallest pooled effect size of 1.42 with the smallest
confidence interval (see Figure 3). Despite this variability, the pooled ORs across the six
regions did not differ significantly from one another, as determined by ANOVA (Q = 8.359;
df =5; p = 0.14). All regions except head were found to have significant within-region
heterogeneity.

4. Discussion

The results of the present meta-analysis indicate that mean total MPA scores derived using the
Waldrop scale are substantially different between schizophrenic individuals and healthy
controls. In each of the 11 studies where mean total MPA scores were available, the
schizophrenic sample was observed to have more MPAs than controls. In most cases the
magnitude of the case-control difference was quite large; effect sizes in excess of 0.80 were
observed in seven studies. Moreover, the pooled effect size calculated from all 11 studies was
1.131 (0.762-1.501; p < 0.001), which represents the single best point estimate of case-control
disparity. The robustness of this pooled estimate was confirmed through sensitivity analysis,
where it was observed that dropping any single study from the meta-analysis had a negligible
impact on the cumulative effect size (Figure 2). These results are in agreement with the broader
MPA literature and provide additional support that MPAs (assessed as total scores) can serve
as a reliable and powerful discriminator between schizophrenic cases and controls.

Despite this fact, a high degree of variability in effect size magnitude was observed among
these 11 studies. One of the stated goals of the meta-analysis was to identify potential factors
that moderate this effect size variability. In particular, it was predicted that the number of MPA
scale items, overall methodological quality, and the proportion of males to females in the case
versus control sample would each account for a significant portion of the between-study
variation in effect size. Separate mixed-effects meta-regression analyses indicated, however,
that none of these moderator variables were able to account for a substantial portion of the
observed effect size variance. These results may help clarify some unresolved issues within
the MPA and schizophrenia literature. For example, regarding number of MPA items, a handful
of recent studies have used expanded versions of the original Waldrop scale (Ismail et al.,
1998; Gourion et al. 2003; 2004a). There is some uncertainty, however, as to the importance
of these additional items, both in terms of etiological significance and discriminatory ability.
The apparent lack of relationship between number of MPA items and effect size observed here

Schizophr Res. Author manuscript; available in PMC 2009 April 7.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Weinberg et al.

Page 7

suggests that the presence of these additional items may not aid substantially in discriminating
cases from controls. Interestingly, these results are supported largely by the findings of both
Ismail et al. (1998) and Gourion et al. (2004a), who reported that among MPAs that
significantly differentiated cases from controls, the majority were derived from the original
Waldrop scale. In light of these findings, it may be worthwhile to reconsider whether an
expanded MPA scale is necessary.

Regarding case-control sex ratio, previous studies have reported either excess MPAS in male
schizophrenics (Marcus et al., 1985; Akabaliev and Sivkov, 2003; Sivkov and Akabaliev,
2004), excess MPAs in female schizophrenics (Green et al., 1989; 1994b; Lal and Sharma,
1987) or no sex differences in MPA frequency (Cantor-Graae et al., 1994; McGrath et al.,
1995; Akabaliev and Sivkov, 1998; Gourion et al., 2004a; 2004b; Joo et al., 2005). The present
meta-analysis results fail to support the contention that the gender composition of the case or
control group relates to the magnitude of the observed case-control difference in total MPA
score. This implies that the gender-balanced samples may be unnecessary in case-control
studies of MPA frequency in schizophrenia. Although specific tests were not performed, our
results also suggest that year of publication, trends in diagnostic criteria and geographical origin
of the sample played little role in the case-control outcome. It should be kept in mind, however,
that these results only pertain to outcomes involving mean total MPA score; for scores derived
from specific regions and/or individual MPAs, any or all of these factors may still prove to be
relevant.

Numerous studies report a disproportionately high number of MPAs in the craniofacial
complex of schizophrenic individuals (Green et al., 1994a; Lane et al., 1997; Akabaliev and
Sivkov, 1998; Akabaliev et al., 2001; Lawrie etal., 2001; Trixler etal., 2001; Elizarrards-Rivas
et al., 2003; Hata et al., 2003a; Gourion et al., 2004a). Anomalies of the mouth region (e.g.,
palatal anomalies) are often reported to be particularly prevalent (Green et al., 1989; McGrath
etal., 1994; Lane et al., 1997; Ismail et al., 1998; Hata et al., 2003a; Gourion et al., 2004a).
The results of our regional MPA analysis provide only limited support for these claims.
Considering the pooled ORs by region, all regions had a pooled OR significantly greater than
one indicating excess anomalies in schizophrenic individuals compared to controls.
Furthermore, the mouth region did have the highest OR, followed closely by the head, eye,
foot, hand and ear region in decreasing order (Table 5). Nevertheless, these pooled ORs did
not differ significantly across regions (p = 0.14), suggesting that these six anatomical regions
are roughly equivalent in their susceptibility to MPAs. Moreover, there was great deal of
heterogeneity in ORs across studies for each region, the mouth region demonstrating the
greatest variability with two studies even showing a trend towards increased MPAs in controls
rather than cases.

A major limitation of the present meta-analysis was the small sample of studies that met our
inclusion criteria. This fact particularly impacts the statistical assessment of moderator
variables on effect size variability where regression methods are employed. Consequently, the
absence of a significant relationship between effect size and any of the moderator variables
considered here could have been impacted by a lack of statistical power, thus any conclusions
based on these results should be tempered. There were also a number of potentially important
moderator variables that could not be formally evaluated (e.g., age of onset, durations of illness)
because the data were not available for enough studies. The fact the only seven studies could
be included in the regional MPA analysis precluded carrying out a formal assessment of
heterogeneity altogether. Unfortunately, it was also not plausible to consider individual MPAs
due to the fact that too few studies provided the necessary raw data, thus our analysis was
limited to total MPA scores and regional summary scores. Although the Waldrop scale is
currently the most widely used tool to assess dysmorphology in schizophrenia, its low
sensitivity and lack of construct validity make it problematic. To address some of these deficits,
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a handful of studies have begun to incorporate anthropometric methods in order to generate
quantitative descriptions of the head and face in schizophrenic individuals (Lane et al., 1997,
McGrath et al., 2002, Hennessey et al., 2004; Kelly et al., 2005). Although results to date have
been inconsistent, this approach is likely to yield a wealth of information about the nature of
dysmorphology in schizophrenia.
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Fig. 1.
Effect sizes with 95% confidence intervals for each of the 11 studies (ordered by year of

publication) that provided mean total MPA scores and the pooled effect size estimate (at the
bottom of the figure). Point estimates to the right of the zero baseline indicate increased total
MPA scores in schizophrenic individuals compared to controls.
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Fig. 2.

Sensitivity analysis demonstrating the effect of deleting any single study on the estimated
pooled effect size (mean total MPA scores). The centrally located baseline (+1.13) represents
the original pooled effect size based on all 11 studies. The upper and lower bounds (+1.50 and
+0.76, respectively) represent the 95% confidence intervals of the original pooled estimate. As
each study along the vertical axis is removed sequentially, the pooled effect size is recalculated
for the remaining ten studies. These recalculated pooled effect sizes along with their 95%
confidence intervals are depicted relative to the original pooled effect size estimate. The impact
of a given study is illustrated graphically as a shift from the baseline; positive shifts (to the
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right of the baseline) indicate that the pooled estimated increased following removal of a given
study.
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Fig. 3.

Pooled effect sizes (odds ratios) and their 95% confidence intervals for MPAs across various
anatomical regions. Point estimates to the right of the baseline (OR = 1) indicate increased
MPA scores for a given region in schizophrenic individuals compared to controls.
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Table 2
Basis for exclusion of relevant studies identified from literature search

Reason for exclusion Studies &

Control subjects not included Guy et al., 1983; Green et al., 1987; 1994a; Nizamie et al., 1989; O' Callaghan et al., 1991; 1995;
Waddington et al., 1995; McNeil and Cantor-Graae, 1999; Scutt et al., 2001; Hata et al., 2003b

Mean MPA scores and/or raw MPA McNeil et al., 1992; Buckley et al., 1994; Trixler et al., 1997; 2001; Griffiths et al., 1998; Ismail et

frequencies not available for one or both al., 2000; Akabaliev et al., 2001; Schiffman et al., 2002; Elizarraras-Rivas et al., 2003; Lloyd et al.,

groups 2003; Edgar et al., 2006

Waldrop scale or variant not used Ponnudurai et al., 1986; McNeil et al., 1992; Puri et al., 1995; Trixler et al., 1997; 2001; Scutt et
al., 2001; McGrath et al., 2002; Lloyd et al., 2003

Samples potentially overlap with an Green et al., 1994a; 1994b; O'Callaghan et al., 1995; Waddington et al., 1995; Lohr et al., 1997;

included study Akabaliev and Sivkov, 1998; 2003; Cantor-Graae et al., 1998; Ismail et al., 2000; Akabaliev et al.,
2001; Gourion et al., 2003; 2004b; Hata et al., 2003b; Sivkov and Akabaliev, 2004

Diagnosis of isolated schizophrenia Marcus et al., 1985; McNeil et al., 1992; Weinstein et al., 1999; Scutt et al., 2001; McGrath et al.,

lacking in the case group 2002; Schiffman et al., 2002; Lloyd et al., 2003

Twin study Cantor-Graae et al., 1994; McNeil and Cantor-Graae, 1999; McNeil et al., 2000

a., . S . . . .
Studies may appear multiple times if more than one reason for their exclusion exists
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