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Abstract  There is increasing evidence that the genetic 
predisposition for schizophrenia in families affects more 
individuals than those fulfilling the criteria for schizo- 
phrenia. This finding is supposed to be one of the major 
problems in molecular genetic schizophrenia research, es- 
pecially when linkage studies are employed. Eye-tracking 
dysfunction (ETD), which is conceived as a possible phe- 
notypic marker for genetic liability to schizophrenia, may 
offer considerable advantages. However, there is only lit- 
tle information from families with multiple occurrence of 
schizophrenia. It is still unclear whether in these families 
ETD aggregates with diagnoses from the schizophrenia 
spectrum. This first report from an ongoing study presents 
the results of 48 individuals from 6 multiplex families. 
Smooth-pursuit eye movements were recorded by infrared 
reflectometry and assessed by quantitative measurement 
techniques. Along with the high degree of psychiatric 
morbidity in these families, in 56.3% of the individuals 
ETD was assessed. Reduced mean pursuit gain was pre- 
sent in 39.6%. The distribution of eye-tracking dysfunction 
resembles the distribution of schizophrenia-related psy- 
chiatry morbidity. 
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Vulnerability �9 Eye-tracking dysfunction - 
Eye movements �9 Smooth-pursuit eye movements 

Introduction 

Genetic-epidemiological studies have demonstrated con- 
sistently that genetic factors contribute substantially to the 
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etiology of schizophrenia (Kendler and Diehl 1993). Mol- 
ecular genetic methods based on recombinant DNA tech- 
nology are supposed to have a major impact on the under- 
standing of the genotype associated with genetic predis- 
position for schizophrenia. After early disappointment (She> 
rington et al. 1988), linkage studies have recently yielded 
the first positive results, based on large numbers of fami- 
lies with multiple cases of schizophrenia (Moises et al. 1995; 
Straub et al. 1995; Wang et al. 1995). On the other hand, 
the linkage approach has been critically reviewed lately 
(Cardno and McGuffin 1994; Cloninger 1994; O'Dono- 
van and Owen 1992; Rutter 1994) and possible pitfalls 
have been pointed out. The diffuse boundaries of the 
schizophrenic phenotype in families have turned out to be 
a major problem which might still handicap linkage analy- 
sis in large pedigrees (Hodge and Greenberg 1992). Yet 
genetic-epidemiological studies have provided some evi- 
dence for the understanding that genetic predisposition for 
schizophrenia results in phenotypic syndrome variety (Kend- 
ler 1988; Kendler and Diehl 1993). Thus it seems doubt- 
ful that this dilemma will be solved exclusively by means 
of psychopathology. One possible solution is the employ- 
ment of phenotypic markers of genetic susceptibility 
(Holzman 1994). 

As one of the most promising phenotypic markers, ab- 
normal smooth-pursuit eye movements have been discussed 
extensivley (for reviews see Arolt et al. 1993; Clementz and 
Sweeney 1990; Holzman 1987, 1994; Levy et al. 1993). 
In affected individuals smooth-pursuit eye movements are 
frequently interrupted by small amplitude saccades. Such 
eye-tracking dysfunction (ETD) has been reported in dif- 
ferent samples of schizophrenics with a mean prevalence 
of approximately 50%, but only in 4 -8 % of the normal 
population (Clementz and Sweeney 1990; Holzman 1987; 
Iacono 1985, 1988; Levy et al. 1993) and the first-degree 
relatives of normal subjects (Iacono et al. 1992). The 
neuro-ophthalmological techniques, as well as the reported 
deficits, vary widely across the numerous studies which 
have been carried out. In first-degree relatives of schizo- 
phrenics, ETD was also detected with a high degree of 
variation (between 14.0 and 50.0%; Levy et al. 1993). In 
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most  studies of  f i rs t -degree  relat ives,  their  ascer ta inment  
was l inked to s ingle- index pat ients ,  regardless  of  single of  
mul t ip le  occurrence  of  sch izophrenia  in the re la ted  fami-  
lies. Wi th  two except ions  (B lackwood  et al. 1991; Myles -  
Wors ley  1992) ETD studies have  not  been  based  on a sys- 
temat ic  recru i tment  of  famil ies  wi th  mul t ip le  cases  of  
schizophrenia .  Yet it is these famil ies  in whom a genet ic  
suscept ib ly  for sch izophrenia  can be assumed  and who 
present  a unique poss ib i l i ty  for  ex tens ive  studies of  ETD 
and its impl ica t ions  for genet ic  research.  In these famil ies ,  
however ,  it has nei ther  been demons t ra ted  whether  E T D  
aggregates  a long with sch izophrenia  and schizophrenia-  
l inked disorders ,  nor  is much  known  (despite  cons iderab le  
research efforts) about  whether  p sychopa tho logy  and ocu- 
lomotor  dysfunct ion  dis t r ibute  in a congruous  manner.  In 
this case ETD wil l  be  present  in any fami ly  m e m b e r  wi th  
a d i sorder  f rom the sch izophrenia  spectrum. However ,  it 
should not  be regarded  as cont radic tory  i f  indiv iduals  
without  psychia t r ic  disorders  in such famil ies  are affected 
with  ETD. This  case would  still  be in l ine with the con- 
cept  of  a genet ic  marker,  because  it can be  assumed that 
her i tabi l i ty  needs not  necessar i ly  be expressed  as schizo-  
phren ia  spect rum disorder,  tt  is o f  some impor tance  in this 
respect  that, in a rev iew of  previous  studies,  Ho lz ma n  et 
al, (1987) repor ted  a number  of  cases  in which  schizo-  
phrenic  s ibl ings were  not  affected by  ETD,  whereas  par-  
ents were affected (approx imate ly  30% of  all cases).  Such 
f indings  have  p rov ided  the basis  for  the deve lopmen t  of  
the latent  trait  m o d e l  of  genet ic  t ransmiss ion  of  schizo-  
phrenia  and ETD (Mat thyse  et al. 1986). It has been crit i-  
cal ly  r ev iewed  (Clementz  and Sweeney  1990) that the 
psychiatr ic  diagnoses in these previous studies were estab- 
l ished inconsis tent ly,  and that only  g lobal  neurophys io -  
logical  measures  were  used.  

During the past  decade,  techniques have been employed  
which  adhere to neurophys io log ica l  s tandards.  Based  on 
infrared ref iectometry,  quant i ta t ive  measures ,  such as the 
mean  ga in  (the rat io of  mean  pursui t  ve loci ty :  target  ve-  
loci ty)  or mean  number  of  saccades,  have  only la te ly  been  
used in ETD studies of  schizophrenic  pat ient  samples  
(Abel  1992; Clementz and Sweeney 1990; Levy et al. 1993). 
Only  three studies of  f i r s t -degree  re la t ives  (Clementz  et 
al. 1991, 1992; Grove  et al. 1992) have  e m p l o y e d  such (or 
s imilar)  methods .  In the two studies of  mul t ip lex  famil ies  
c i ted p rev ious ly  (B lackwood  et al. 1991; Myle s -Wors l ey  
et a1.1992), this t echno logy  has not  been used,  but  only  
more  g lobal  techniques based  on convent iona l  e lect ro-  
oculography.  Dis regard ing  the impor tance  o f  the observa-  
t ions o f  Ho lzman  and coworkers  (1988), their  f indings  
have not  ye t  been  sys temat ica l ly  tested, nei ther  in mult i -  
p lex  famil ies  nor  with advanced  technology.  

In this art icle we present  first  results  f rom an ongoing  
s tudy of  famil ies  with mul t ip le  occurrence  of  schizophre-  
nia,  based  on infrared re f lec tomet ry  and quant i ta t ive mea-  
sures. It can be assumed that a genetical ly transmitted etiol- 
ogy of  sch izophren ia  is very  l ike ly  to be present  in fami-  
l ies with more  than one schizophrenic  member .  It is our 
hypothes is  that in such famil ies ,  eye- t rack ing  abnormal i -  
t ies wil l  be present  in any fami ly  m e m b e r  with a d isorder  

of  the sch izophrenia  spectrum, and wil l  also, but  to a 
lesser  extent,  be present  in psychia t r ica l ly  normal  fami ly  
members .  

Methods 

Psychiatric assessment 

Six families with a suspected genetic liability to schizophrenia 
were recruited: Families were included if two or more schizo- 
phrenics had been diagnosed in one or two consecutive genera- 
tion(s). In the six families with a total of 68 members, 51 individ- 
uals could be interviewed personally. Of these, 48 agreed to par- 
ticipate in the eye-tracking test. Eye-tracking data could not be as- 
sessed from three interviewed family members because of alco- 
holism, oligophrenia, and rejection of being tested. Although every 
possible effort had been made to obtain interviews and recordings, 
this was not successful in another 17 individuals because these per- 
sons had already died, suffered from severe dementia, lived too far 
away (> 500 kin), or the family had lost contact completely (so 
their address was unknown). Psychiatric diagnoses were estab- 
lished on the basis of the following principles: 

1. Structured instruments used in German translations: (a) the Sched- 
ule for Affective Disorders and Schizophrenia/Lifetime Version 
(Endicott and Spitzer 1978); (b) the Structured Interview for 
Schizotypy/Version 1.6 (Kendler 1991); and (c) the Schedule for 
Affective Disorders and Schizophrenia/Personality Disorders 
(SCID-II; Spitzer and Williams 1985). 

2. Operational definitions of psychiatric disorders as provided by 
DSM-III-R. 

3. Blind interviews of family members. 

A personality disorder (axis II) was diagnosed only in individuals 
without an axis-I disorder. As has been practiced in other genetic - 
epidemiological studies in this field, we distinguished between 
cases of schizotypal personality disorder (SPD), which fulfilled at 
least five of nine DSM-III-R criteria which were necessary for the 
diagnoses (definite SPD), and cases which fulfilled three or four of 
these criteria (probable SPD). For the purpose of this article and 
masons of comparability, we collapsed these diagnostic subgroups 
into one category (SPD). 

The following FH-RDC diagnoses were established in the 
cases of the 17 individuals who could not be interviewed person- 
ally: schizophrenia (n = 2), schizoaffective psychosis (n = 1), schizo- 
typal or paranoid personality disorder (n = 3), substance abuse (n = 
3), dementia (n = 2), other disorders (n = 1), and healthy (n = 5). In 
the case of the three family members who had to be excluded from 
eye-movement measuring because of substance abuse, one had a 
co-occurring psychiatric diagnosis (paranoid personality disorder). 

Recording and measuring eye movements. 

Eye movements were recorded by a mobile infrared light eye 
tracker (AMTech GmbH, Weinheim, Germany, and SKALAR, 
Delft, The Netherlands), which allowed us to examine probands at 
home, who whould have refused to participate otherwise. This high- 
resolution technique (Reulen et al. 1988) provides signal record- 
ings with only few artifacts. The stimuli for eliciting smooth-pur- 
suit eye movements were displayed by an array of red-light-emit- 
ting diodes (LED). The diodes (diameter 5.7 mm) were arranged 
as close as possible, so that the target traverse subtending 30 ~ con- 
sisted of 186 diodes. To guarantee a quasi-continuous target mo- 
tion two diodes might be energized during transition of the light 
signal. In a pilot study with five normal controls, we compared 
eye-tracking data which had been recorded with the mobile device 
to data recorded by a stationary infrared eye-tracker device which 
is supplied with an on-laser target. No significant differences could 
be observed, neither with respect to mean gain nor to saccade fre- 
quency. Subjects were seated in a portable armchair 2 m in front of 



the LED array and were instructed not to move their head during 
the measurement. Visual acuity was normal or corrected by indi- 
vidual optical spectacles or contact lenses. Probands with a history 
of drug abuse of lithium treatment were excluded. 

In order to judge smooth-pursuit quality, we chose a triangular 
target movement paradigm with a constant velocity of 30~ This 
method was preferred because the discrimination between schizo- 
phrenics and healthy controls was best at a target velocity of 30~ 
(our own unpublished data). One trial lasted 20 s plus 5 s of cali- 
bration (steps of 10 ~ from the central point to the left and the right 
side each lasting 1 s at the beginning and the end of each trial. Af- 
ter calibration of the original recordings, saccades were detected 
and counted. The definition of a saccade was based on two re- 
quirements: firstly, the difference between the actual velocity of 
the eye movement and the mean velocity before and after the fast 
eye movement had to be > 30~ and secondly, the amplitude of 
the fast eye movement had to be larger than 0.5 ~ . By this definition 
saccades in both directions of the target trajectory were detected. 
After having cut out saccades and artifacts, the mean eye velocity 
in each segment and the mean pursuit velocity gain (defined as ra- 
tio of the mean pursuit velocity to target velocity) were calculated 
in ten cycles (ten segments with target motion to the right and ten 
segments with target motion to the left side) 125 ms before and af- 
ter the turning point were excluded from this procedure. To yieId 
the average gain of the whole trial, the median was used. 

A similar method was used in our pilot study (Moser et al. 
1990), which also adheres to neurophysiological standards (Abel 
and Ziegler 1988). The quality of smooth pursuit was judged by 
the individual mean gain and the total number of saccades, after it 
had been compared with normal ranges for both parameters, estab- 
lished from a group of 47 controls (Table 1). As controls healthy 
students and medical staff members were chosen (demographic 
characteristics given in Table 2). In this sample the mean pursuit 
gain was 0.77 (+ 0.10), and the mean number of saccades was n = 
47.4 (+ 20.2; our own unpublished data). In order to rule out an age 
effect on the assessment of smooth pursuit in the family members, 
the control sample was divided into three age groups: group i 
(G1), 20-39 years; group 2 (G2), 40-59 years; group 3 (G3), > 60 
years. We defined the thresholds for a smooth-pursuit gain deficit 
as the arithmetic mean minus 2 SD for a target velocity of 30~ 
(Table 1). This procedure was justified by the observation that 
the pursuit gains of schizophrenics, as well as of normal controls, 

Table 1 Thresholds (in italics) for the assessment of eye-tracking 
dysfunction based on quantitative measures. MG mean pursuit gain; 
NS number of saccades/20 s 

Age (years) MG M G  - 2SD NS NS + 2 SD 

20-39 0.82 0.63 45.26 71.98 

30-59 0.75 0.62 55.83 87.38 

> 60 0.72 0.49 67.60 106.62 

NOTE: Target velocity 30~ 

Table 2 Sociodemographic characteristics of probands with schizo- 
phrenia, non-schizophrenic spectrum disorders, other axis-I diag- 
noses, healthy relatives, and controls 

Samples Gender Age (years) 

Male Female Mean SD 

Schizophrenics (n = 13) 9 4 37.4 a 11.5 
Non-schizophrenic spectrum (n = 8) 4 4 50.7 17.2 
Other axis I diagnoses (n = 10) 3 7 54.1 20.1 
No psychiatric diagnoses (n = 17) 4 13 44.7 21.1 
Healthy controls (n = 47) 26 21 45.3 16.8 

Trend (P = 0.06) to younger age of schizophrenics as compared 
with controls. 
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were distributed binominally. This common definition of smooth- 
pursuit deficit was also used in other studies on ETD (Clementz et 
al. 1992; Iacono et al. 1992; Yee et al. 1987). Every performance 
with a mean gain below this threshold was rated as deviant. The 
threshold for an abnormal number of saccades was defined as arith- 
metic mean plus 2 SD; accordingly, every performance which led 
to a number of saccades above this threshold was rated as deviant. 

For the purpose of this study and in order to assess the distrib- 
utions of ETD and schizophrenia spectrum disorders, we assessed 
Smooth-pursuit eye movements on two measurement levels: 

1. In the case of gain deficit (GD) the mean pursuit gain is below 
the defined threshold (see above). We also included this proce- 
dure in this study because the respective results can easily be 
compared with other studies using mean eye movement gain. 

2. In the case of saccade excess (SE), the number of saecades is 
on or beyond the threshold defined above, but the mean pursuit 
gain may still be within the normal range. All other cases were 
rated as non-deviant. Both GD and SE should not be understood 
as different categories of smooth-pursuit dysfunction; instead, 
they represent two different approaches of quantitative mea- 
surement. If  GD and SE are combined to assess ETD in the 
afore mentioned manner, this procedure covers a range of dys- 
functions which can be compard to the results of studies em- 
ploying global qualitative judgment techniques, which are ob- 
viously more inclusive than the quantitative procedures (Levy 
et al. 1993). 

All statistical procedures were performed by the SPSS-PC pro- 
gram. Sample differences were tested by the t-test, in case the sam- 
ples were distributed normally (Shapiro-Wilk's test). If the normal 
distribution was rejected, the Mann-Whitney test was used (for in- 
dependent samples). Differences in the distribution of dichoto- 
mous variables in independent samples were tested by the )~2 test 
(or Fisher's exact test, if n < 5). In order to provide an estimation 
of the age-corrected morbidity risk of psychiatric disorders, the 
Weinberg/Str6mgren method was used. 

Results 

A d iagnos i s  o f  s c h i z o p h r e n i a  was  es tab l i shed  in 13 o f  48 

(27 .1%)  p e r s o n a l l y  i n t e r v i e w e d  f a m i l y  m e m b e r s  f r o m  six 
mul t ip l ex  famil ies .  O f  the re la t ives  o f  the six sch izophren ic  
index  pat ients ,  s even  s e c o n d a r y  cases  (16 .7%)  suf fe r  f r o m  
sch izophren ia .  A c c o r d i n g l y ,  o f  the s ix  fami l i es ,  f i ve  had  
one  s e c o n d a r y  case  o f  s ch i zophren ia ,  and o n e  f a m i l y  had 
two  cases.  E i g h t  (19 .0%)  o f  the  re l a t ives  had  a d i agnos i s  
o f  s c h i z o a f f e c t i v e ,  s c h i z o t y p a l ,  o r  p a r a n o i d  p e r s o n a l i t y  

d i so rde r  ( s ch i zoph ren i a  spec t rum) .  O t h e r  ax i s - I  d i agnoses  
w e r e  g i v e n  to t w o  (4 .8%)  o f  the  re l a t ives ;  e igh t  i n d i v i d -  
uals  (19 .0%)  had  o ther  ax i s - I I  d iagnoses .  In  17 re la t ives  

( 4 0 . 5 % )  no  p s y c h i a t r i c  d i a g n o s i s  c o u l d  be  e s t a b l i s h e d  
(Table  3). I f  the d i s t r ibu t ion  o f  psych ia t r i c  d i agnoses  in 
p e r s o n a l l y  i n t e r v i e w e d  f a m i l y  m e m b e r s  is c o m p a r e d  wi th  
the  d i agnoses  o f  those  f a m i l y  m e m b e r s  w h i c h  c o u l d  no t  
be  r e a c h e d  and  h a d  to be  a s s e s s e d  by  the  F H - R D C  
me thod ,  no  s ign i f i can t  d i f f e r ences  are obse rved .  

In  o rde r  to assess  E T D  in d i f fe ren t  d i agnos t i c  s amples  
f r o m  the f a m i l y  m e m b e r s ,  w e  first  ca l cu la t ed  m e a n  ga in  
( M G )  and n u m b e r  o f  saccades  (NS) .  In  the s ch i zophren ic ,  
as w e l l  as in the n o n - s c h i z o p h r e n i c  s p e c t r u m  ind iv idua l s ,  

g roup  m e a n s  o f  M G  w e r e  s ign i f i can t ly  l o w e r  than in the 
case  o f  the con t ro l  s a m p l e  (Table  4). F u r t h e r m o r e ,  in the  
s amp le s  wi th  o the r  ax is - I  d i sorders  and wi thou t  p sych i -  
a t r ic  morb id i ty ,  M G  was  a lso  l o w e r  than in contro ls .  T h e  
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Table 3 Lifetime psychiatric diagnoses (DSM-III-R) and relative 
risks of lifetime morbidity of 42 personally interviewed relatives 
of six index patients with schizophrenia from six families with 
multiple occurrence of schizophrenia. MR age-corrected relative 
morbidity risk 

Diagnoses n % MR 

Schizophrenia 7 16.7 28.6 
Schizoaffective disorder 4 9.5 16.3 
Schizotypal personality disorder = 3 7.1 12.2 
Paranoid personality disorder 1 2.4 4.1 
Other axis-I diagnoses 2 4,8 8.2 
Other personality disorders 8 19.0 28.6 
No psychiatric diagnosis 17 40.5 

Total 42 100.0 

a"Definite" cases: n = 1; "probable" cases: n = 2 (see Methods) 

Table 4 Mean pursuit gain (MG) and mean number of saccades 
(NS) in members of six families with multiple occurrence of schiz- 
ophrenia and healthy controls during a smooth-pursuit task with a 
constant target velocity of 30~ (triangular movement) 

Samples MG SD NS SD 

Schizophrenics (n = 13) 57.8*** 21.4 67.4**** 10.6 
Non-schizophrenic spectrum (n = 8) 51.9"** 22.4 57.3** 10.9 
Other diagnoses (n = 10) 65.4* 18.4 54.7 14.5 
No psychiatric diagnoses (n = 17) 62.2* 25.8 55.3** 20.2 
Healthy controls (n = 47) 77.4 9.6 47.4 20.2 

120 

100 

:- 8O 

c 60 
�9 

4O 

20 

*P < 0.10 (trend), **P < 0.05, ***P _< 0.01, ****P < 0.001. 
NOTE: The family samples were tested against the healthy con- 
trols by t-test after controlling for normal distribution by Shapiro- 
Wilk's test and for homogenetiy of variance by Levene's test (with 1~ n L 
the exception of MG in the case of the family sample without psy- u 

chiatric diagnoses, which was not normally distributed; in this case ,- 6 
the Whitney-Mann test was employed). The differences between i f the family samples were non-significant 

0 / 
Table 5 Eye-tracking dysfunction (n; numbers in parentheses are 
percentages) in schizophrenic index patients, lst-, 2nd-, and 3rd-/ t0 
4th-degree relatives from six families with multiple occurrence of 8 
schizophrenia. ETD eye-tracking dysfunction; I index patients; R1 6 
first-degree relative; R2 second-degree relative; R3+ third- and ~- 4 
fourth-degree relative; GD gain deficit (i.e., mean pursuit gain be- 
low threshold) SE saccad excess (i.e., number of saccades above 2 
threshold) 0 

I (n=6)  R1 (n=22)  R2 ( n = l l )  R3+ (n=9)  

ETD 5 (83) 14 (64) 5 (46) 3 (33)" 
GD 5 (83) 7 (32) 5 (46) 2 (22)" 
SE 0 (0) 7 (32) 0 (0) 1 (11) 
No ETD 1 (17) 8 (36) 6 (55) 6 (67) = 

ap < 0.05 (vs index patients) 

indiv iduals  f rom these samples  pe r fo rmed  with  less-dis-  
turbed smooth-pursu i t  eye  movemen t s  than fami ly  mem-  
bers  with sch izophren ia  and re la ted  disorders ,  a l though 
the respec t ive  dif ferences  in group means  were  not  s ignif-  
icant  (Fig. 1) A complemen ta ry  pat tern can be obse rved  i f  
NS is measu red  (Table 4). 

In a next  step we d i cho tomized  the smooth-pursu i t  per-  
fo rmance  into presence  and absence  of  ETD according  to 

ON= [ f [ . . . . .  [ I 

13 8 10 17 47 
Schizophrenia Other diagnoses Controls 

Spectrum-disorder Healthy relatives 
Sample 

Fig. 1 Mean pursuit gain in samples of different diagnostic cate- 
gories from six families with multiple cases of schizophrenia 

0 / i I I 
S SAD SPD/PPD OD, AI OPD no D 

10 

~ - i I ~  F772721 1~ ~ ~  

0 / k \ \ \ \ \ \ \ ' , l  ; , I 

Index-patients (n = 6) 

S SAD SPD/PPD OD, AI OPD nod 

I 

2~ (n = 11) 

S SAD SPD/PPD OD, AI OPD no D 

[ ]  GD 
[ ]  SE 
[ ]  NETD 

3 ~ and 4~ (n = 9) 

SAD SPD/PPD OD, AI OPD no D 

Fig. 2 Distribution of eye-tracking dysfunction in the members of 
six families multiply affected with schizophrenia. GD gain deficit; 
SE saccade excess; NETD no eye-tracking dysfunction; S schizo- 
phrenia; SAD schizoaffective disorder; SPD/PPD schizotypal or 
paranoid personality disorder; OD, AI other axis-I diagnosis; OPD 
other personality disorder; no D no psychiatric diagnosis 

our def ini t ion (see Methods) .  In the famil ies  the aggrega-  
tion of  schizophrenia and schizophrenia-related disorders is 
para l le led by  an aggregat ion of  ETD (Fig. 2). The ETD was 
f requent ly  observed  with no gender  dif ferences  in all six 
mul t ip lex  families,  the affected individuals  fol lowing each 
other  in every  consecut ive  generat ion.  Of  all  fami ly  mem-  
bers,  56.3% were affected, 39.6% with GD. Of  the six 
schizophrenic index probands,  five (83.3%) performed with 
ETD. The  smooth-pursu i t  eye movemen t s  of  the sixth in- 
dex p roband  represented  a border l ine  case: Al though  they 



were rated as normal according to our definitions, the  
number of saccades was only just below the required 
threshold. In the 22 first-degree relatives (R1) of the index 
probands, ETD of some form was present in 14 of 22 
(63.6%) individuals; if restricted to GD, this form of de- 
viance was calculated for 7 of 22 (31.8%) R1. If only the 
R1 individuals without a diagnosis of schizophrenia are 
counted, 7 of 15 (46.7%) have ETD (5 GD, 2 SE). The 
ETD was also prevalent in the second-degree relatives 
(R2): 5 of 11 (45.5%) had ETD (all GD). In 3 of 9 
(33.3%) of the third- and fourth-degree relatives (R3+) 
ETD was present, and in 2 of 9 (22.2%) it was the GD 
subtype. All seven schizophrenic R1 revealed ETD (5 SE, 
2 GD). If all schizophrenic individuals from the six fami- 
lies are taken together, 12 of 13 (92.3%) of the schizo- 
phrenic individuals had ETD and 7 of 13 (53.8%) per- 
formed with the GD subtype. All schizoaffective individ- 
uals, with the exception of one R4 individual, revealed 
ETD. All 3 R1/R2 relatives with a schizotypic personality 
disorder revealed ETD (all GD). However, one individual 
with a paranoid personality disorder had normal smooth 
pursuit. Three of 10 (30%) relatives with other psychiatric 
disorders showed ETD, all of the GD form. Concerning 
the relatives without psychiatric disorders, 6 of 17 (35.3%) 
family members had ETD (4 GD, 2SE). In the whole sam- 
ple of family members, the rates of ETD decline with the 
degree of relationship (Table 5); however, only the differ- 
ence between the index patients and the R3/R4 is signifi- 
cant (ETD: Z 2 = 3.61, df= 1, P < 0.05). 

Discussion 

There is considerable evidence from controlled family stud- 
ies that schizophrenia and schizophrenia-related disorders 
aggregate in families (Kendler and Diehl 1993). Although 
the question of familial aggregation of schizophrenia and 
schizophrenia-related disorders was not addressed primar- 
ily in this study, obviously not only cases of schizophrenia 
cluster in the families, but also other disorders from the 
schizophrenia spectrum: A total of 21 of the 48 individu- 
als (43.8%) were given a diagnosis within the schizophre- 
nia spectrum. In 31.3% of the relatives of the six index pa- 
tients (Table 2) a diagnosis of the schizophrenia spectrum 
was established. The age-corrected moribidity risks in the 
relatives (Table 3) are higher than in most controlled fam- 
ily studies in which both single-case and multiple-case 
families have been investigated (Kendler and Diehl 1993). 
The higher relative risk of schizophrenia is directly ex- 
plained by the inclusion criteria for this study (families 
with two or more schizophrenic relatives). With regard to 
non-schizophrenic spectrum disorders, higher risks proba- 
bly reflect the fact that a comparatively high genetic load 
is present in families with multiple occurrence of schizo- 
phrenic psychoses. We have not been able to recruit all 
living family members, due mostly to their refusals to 
take part in the investigation. However, the psychiatric 
FH-RDC diagnoses in these individuals resemble those of 
the personally interviewed family members. It therefore 
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seems unlikely that our results were biased by differing 
distributions of psychiatric morbidity which might have 
been caused by our recruitment procedures. 

With respect to ETD, this is one of the few studies 
(e.g., Whicker et al. 1985; Clementz et al. 1991; Clementz 
et al. 1992; Iacono et al. 1992) in which precise quantita- 
tive measurement techniques were employed not only in a 
schizophrenic sample, but also in relatives. This is the 
first study in which these techniques were used in families 
with multiple occurrence of schizophrenia, and in which not 
only first-degree relatives were investigated, but also less 
closely related individuals. Guided by neurophysiological 
considerations (Abel and Ziegler 1988; Abel 1992), we did 
not choose global measures of ETD, which had been em- 
ployed in numerous studies; instead, we preferred quanti- 
tative measures, reasonably based on an experimental de- 
sign with constant target velocity. Such procedures have 
only lately been introduced into schizophrenia research 
(Clementz and Sweeney 1990; Levy et al. 1993). 

It has been demonstrated that ETD aggregates in the 
multiplex families which we investigated (Fig. 2). With 
respect to quantitative measures MG and NS, in the sam- 
ples of family members with schizophrenia and with non- 
schizophrenic spectrum disorders, the lowest group means 
of MG and the highest means of NS, respectively, were 
found (Table 4). Relatives form the two other diagnostic 
samples (other axis-I disorders, no psychiatric diagnoses) 
tend to perform worse than normal controls, but tend to 
have higher MG and lower NS than the samples with 
schizophrenia and schizophrenia-related disorders (Fig. 1). 
However, due probably to the low number of individuals 
in the subsamples, these latter differences are not statisti- 
cally significant. These results indicate that there are sig- 
nificant deficits in smooth-pursuit eye movements in mem- 
bers of families with multiple cases of schizophrenia, even 
in individuals without schizophrenia spectrum disorders. 
It seems possible that some of these individuals carry a 
genetic predisposition for schizophrenia, although they are 
not affected phenotypically. 

When the eye-tracking performance is dichotomized 
according to our definition, the familiar aggregation of 
ETD becomes more obvious. If all family members are 
taken together, 56.3% had deviant eye tracking; ETD was 
present in 92.3% of all schizophrenic individuals, in 63.6% 
of the R1 inlcuding cases of schizophrenia, and in 46.7% 
of non-schizophrenic R1 (Fig. 2). The prevalence of any 
form of ETD in the sample of schizophrenics from our 
families is considerably higher than the rate reported from 
schizophrenic patient samples investigated with qualita- 
tive measures (which compare to our overall ETD), as is 
the prevalence of ETD in first-degree relatives (Clementz 
and Sweeney 1990; Levy et al. 1993). It is noteworthy, 
however, that similar results were obtained by Myles- 
Worsley et al. (1992) from one of the two ETD studies in 
multiplex families; using global ETD ratings they reported 
a rate of 63% ETD in R1 affected with schizophrenia, and 
53% ETD in non-affected R1. On the other hand, Black- 
wood et al. (1991), using a semi-quantitative measure (ln 
S/N), detected ETD in only 15.4% of their schizophrenic 
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individuals and in only 14.0% of their sample of non- 
schizophrenic relatives. However, it has to be considered 
that these latter prevalence rates are not in accordance 
with studies employing similar technology (Levy et al. 
1993) and number among the lowest rates yet reported. If 
our results are restricted to the GD subtype of ETD, which 
equals low mean pursuit gain (which is the common quan- 
titative measure), 53.8% of all schizophrenic family mem- 
bers and 31.8% of the R1 (including cases of schizophre- 
nia) are affected. If these results are compared with stud- 
ies which employ reduced gain, it again shows that in 
samples of schizophrenics as well as in the R1, our preva- 
lence rates are considerably higher (Clementz and Sweeney 
1990; Levy et al. 1993). In their extensive studies of 
schizophrenics and their R1, in which they used quantita- 
tive measures, Iacono et al. (1992) and Clementz et al. 
(1992) found reduced gain in 20% and 37%, respectively, 
of the schizophrenics, and in 21% and 22%, respectively, 
of the R1. 

Concerning the comparatively high prevalence of ETD 
schizophrenics and R1 in our families, and also regarding 
the fact that ETD was prevalent in all of the six families, 
it is noteworthy that, with the two exceptions mentioned 
(see above), in other ETD studies schizophrenics and rel- 
atives were recruited regardless of multiple or single oc- 
currence of schizophrenia in their families; instead, they 
were taken from family samples in which single and 
multiple occurrence of  schizophrenia were mixed. It 
can be concluded that higher prevalence rates in our fam- 
ilies are due to the assumption that a genetic trait (in- 
dicated by ETD) underlies only the proportion of the 
schizophrenic and schizophrenia-linked phenotype which 
aggregates in families, whereas it is not present in other 
(possibly sporadic) cases of schizophrencis and their rela- 
tives. It is of considerable importance in this respect that 
Clementz et al. (1992) reported evidence for a bimodal 
distribution of ETD in families with a schizophrenic indi- 
vidual. 

It could be argued that our measurement procedure 
yields overly inclusive results. However, this seems un- 
likely for several reasons: 

1. We used the same method and techniques in former in- 
vestigations with normal controls and found a preva- 
lence of GD in 6.3% (Nolte et al., in preparation), a re- 
sult which is in remarkable accordance with other 
studies (Clementz et al. 1992; Iacono 1992; Sweeney 
et al. 1992). 

2. Because our investigation of normal controls revealed 
a slight age effect, we corrected our results for age, 
which may even have resulted in comparatively lower 
rates of ETD. 

3. In our pilot study of ETD in consecutively admitted 
schizophrenic hospital patients (Moser et al. 1990) in 
which the same techniques were applied as in this 
study, we found reduced gain in 20-40% (depending 
on the experiment) of the cases, a finding which corre- 
sponds to those of other authors (Levy et al. 1993; 
Clementz and Sweeney 1992). Thus, it seems unlikely 
that the comparatively high rates of ETD in our study 

are caused by a specific set of methods; instead, it is 
supposed that a high familial genetic load is associated 
with a high prevalence of ETD. 

This assumption is supported by a considerable degree of 
congruity between ETD and diagnoses from the schizo- 
phrenia spectrum which can be observed in our families. 
With two exceptions ETD is present in all cases of schiz- 
ophrenia and schizoaffective psychosis. In analyzing these 
exceptions it becomes clear that both cases represent only 
a weak argument against congruity: The schizophrenic in- 
dividual is a borderline case of ETD, and the schizoaffec- 
tire individual with normal ETD is a fourth-degree rela- 
tive and therefore farther removed from the proposed ge- 
netic trait in the family. However, it must not be neglected 
that one individual with paranoid personality disorder 
has normal eye tracking; a finding the meaning of which 
remains unclear. Because ETD is suppossed to represent a 
marker of genetic predisposition for schizophrenia, the 
occurrence of ETD in individuals without a schizophrenia 
spectrum d!agnosis does not contradict congruity. 

Concerning the one index proband with only border- 
line ETD, Holzman (1987) reviewed a considerable num- 
ber of cases in which the schizophrenic sibling had undis- 
turbed eye movements while both healthy parents had 
ETD. This puzzling observation led to the development of 
the latent trait model (Holzman et al. 1988; Matthysse et 
al. 1986). In this model a latent trait is transmitted in a 
modified Mendelian fashion and is determined by a single 
major locus. The trait can occur without the allele that is 
responsible for it as a phenocopy or the allele can be pre- 
sent without the trait, as in partial penetrance. We found 
this to be the case in only 1 of 13 schizophrenic individu- 
als, but, as a borderline case, the affected individual did 
not have completely undistributed smooth pursuit. It may 
therefore be questioned if latent trait model is applicable 
in multiplex families. The differences between the results 
of the Holzman group and ours might also be due to tech- 
nical reasons: Holzman and coworkers used conventional 
electro-oculography with global measurement techniques. 
Because global measures obscure the nature of the sac- 
cades interrupting smooth pursuit (Abel and Ziegler 1988), 
the typology of saccades interrupting smooth pursuit in 
Holzman's cases could not be assessed. It may be possible, 
however, that the parents produced a high amount of an- 
ticipatory saccades due to old age; which would be in line 
with the observation of Whicker et al. (1985). However, 
this structural abnormality differs markedly from the im- 
pairment found in schizophrenia, in which cases of an ex- 
cess of catch-up saccades are observed (Friedman et al. 1992; 
Moser et al. 1990; Radant and Hommer 1992; Sweeney et 
al. 1992). Thus, if the structure of the eye-movement dys- 
function is analyzed in detail, the findings of Holzman and 
coworkers possibly do not indicate incongruity between the 
levels of ETD and cases of schizophrenia. 

The rate of ETD in our sample seems to decline with the 
degree of relationship (Table 5), although the differences 
between the subsamples were only significant in the case 
of index patients vs third- or more-degree relatives, due 
probably to the small number of individuals in the sub- 



samples .  However ,  no s imi lar  observat ion  has been de- 
mons t ra ted  prev ious ly  for  ETD. I f  this f inding can be 
repl ica ted  in a larger  number  of  famil ies ,  it  wou ld  increase  
the ev idence  for  ETD to represent  a pheno typ ic  genet ic  
marke r  for  l iabi l i ty  to schizophrenia ,  because  a dec l ine  o f  
preva lence  rates in associa t ion  with the degree  of  re la t ion-  
ship indicates  genet ic  t ransmiss ion  of  pheno typ ic  vari-  
ables. Moreover ,  with regard  to a poss ib le  mode  of  inher-  
i tance, it must  be cons idered  that in the famil ies  repor ted  
upon, ETD was present  in one affected indiv idual  fol- 
l owed  by  the next  in every  generat ion,  in male  as wel l  as 
in female  fami ly  members .  Thus,  our results  are in l ine 
with an au tosomal  dominant  ma jo r  gene mode l  which  
might  suppor t  the unders tanding  o f  the genet ic  t ransmis-  
sion o f  ETD famil ies  with sch izophrenia  (Grove  et al. 
1992; H o l z m a n n  et al. 1988). 
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