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The results of several cxperiments in whick homovanillic acid (HVA) concentations were measured.
mamly m the ecrebrospizal Juid, of schizopkrenics arc cxamined using Fisher’s combinstion procedure.
It 1s fourd that the dam docs 30t support the claim thar the level of this dopamine catabalite i3 raised
whereas some evidence svongly supparts the claim that it {s acmaily lowered. This findiog is discussed
m reiation o the kypottesis of dopammergic neuranal byperacuvity i sckizophrenia.

Keywords: Schizophremra, dopamine kypothesis, hamovanillic acid, mcia-analysis.

The hypothesis that some populations of dopaminergic neurons are hyperactive in
various parts of the brains of schizophrenics has been the subject of many invest-
gagons. The associated theory and many of the experiments which have becn per-
formed in the expectation of tesung thar bypothesis have been comprehensiveiy re-
viewed, as for example in Meltzer and Stahl (1976) and Heritch (1990). Despite this
large body of dara, it has been difficulr 1o test the hypothesis because evidence which
purports to do this is usually gathered indirectly. The most direct approach availuble
has been to perform post-morem examinagons of the brains of known schizophren-
ics. The results of such examinarions have not vielded conclusive results. Rather,
increases 1o dopamine levels have sometimes been found in some parts of the brain
and port at all in other parts, as summarized in Heritch (1990).

Generally, however, evidence is sought by estimating the concentrations of the
end-products of dopamine metabolism. The underlving assumption is that higher than
usual leveis of acuvity of dopaminergic neurons will lead to increased svnthesis,
turnover, release and hence an increase iz dopamine metabolizes. The most iimportanr
of such end-products is homovanillic acid IVA).

Many quite different experimental studies have been performed w examine HVA
concentanons in body fluids, pardcularly cerebrospinal fluid (CSF), urine and blood
plasma. A succinct summary was given in the above mentoned artdcle of Heritch.
The results were quite disparate so we decided to examine them in a combined (meta)
analysis 1o sec if there was overall suppont for the hvpothesis of increased HVA
levels in schizophrenia and hence, possibly, an inferred increase in the activity of
cerun dopaminergic peurons.
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METHOD

There are 19 works to be considered as in Table 1 of Heritch's ardcle. It was decided
that if results were to be pooled then they must have come from studies which were
siuar in as many respects as possible. Heace the 19 studies were examined to see

which of the following applied or not:

(1) were the padents in acute or chronic conditon?
(1) was there a drug free period before the analysis was performed?
(i) was a comparison made between a group of schizophrenics and a congol
group of pormals?
(iv) if the body fluid examined was CSF, was probenecid applied (to increase the
retenton of HVA) before the resuits were obtained?
(v) were age and sex variables taken into account?

The studies of Bowers (1974), Bowers and Study (1979), Bowers and Van Woert
(1972), Nyback et al. (1983), Post et al. (1975), Rimon et al. (1971), Scdvall et al
(1974) and Van Praag (1977) involved padents with acute schizophrenia; whereas
those of Berger et al. (1980), Davidson and Davis (1988), Davis er al. (198S5), Gemer
et al. (1984), GoudTies et al. (1971), Karoum et al. (1987), Kirstein et al_ (1976),
Lindsorom (1985), Van Kammen et al. (1983) and Van Kammen et al. (1986) in-
volved groups composed either of all or some chronic padents. The remaining one
of the 19 studies did not state whether the patieats were acutely or chronicaliv af-
fucted and was not considered further.

After further considering the deuails of each of these 18 studies, it was decided to
use combinadon procedures on the findings of HVA levels in the following 9 broad
categories.

Test JA. All studies in which chronic patients were compared with normals.

Test 1B. All studies in which chroaic patents were compared with normals and
where probenecid was administered.

Test IC. All studies in which chronic patients were compared with normals and
where there was no probenecid administered.

Tests 2A, 2B and 2C. As in 1A, 1B and 1C, but all studies in which acute schizo-
phrenics were compared with normals.

Tests 3A, 3B and 3C. As in 1A, 1B and IC bux including all scudics in which
either acute or chronic schizophrenics were compared with normals.

The combination of results from different experiments which purport 1o measure
the same variable or effect is called mera-analvsis. There are several approaches
which caa be adopted, as described in Cox and Hinklev (1974) and more recendv
by Hedges and Olkin (1985). A simpie method is Fisher's combinaton procedure,
known also as the inverse chi-square method. This relies firsty on the fact thar if P
1s a2 random variable representing the significance probability of an experimentally
obtained test statistic, then if the mull hypothesis is que, P is uniformly distributed
oan (0,1). Considering » independent experiments, with significance probabilites
P\.P,....P,, one calculates the valuc of the combined statistic

C=-2) log(P

k=t

Uuder the null hypothesis, € has a chi-square distributon with 27 degrees of free-
dom. Large vaiues of chi-square are evidence against the null ayvpothesis.
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RESULTS AND DISCUSSION

The use of the above combinaton procedure to execute the above nine tests is de-
scribed in the following. However, in some cascs there was oaly oace study under a

given test regime so that a combined analysis is degeverare.
For Test 1A, the results of Davidson and Davis (1988), Gorfries ¢t al. (1971) and

Lindsorom (1985) gave significance probabilinies of .02, .01 and 03 respectively,
for a 1-sided test in which the null hypothesis 1s that there is no difference berween
HVA levels in normals and chronic schizophrenics and the alternative hypothesis is
that HVA levels are lower in chronic schizophrenics. That is, these experiments
supported guite stroagly the hypothesis that HVA was in fact higher in normals. On
examination of the data of Lindsrom (1985), the given P-value was corrected to
.017. The ardcles of Berger et al. (1980), Gerner ¢t al. (1984) and Karoum et al.
(1987), did not report P-values. It was nevertheless possible to calculate them from
the given results. This yiclded P-values of .53 and .80 for the pre- and post-pro-
benecid results of Berger et al. and .71 and .07 respectively far the results of Gerner
et al. and of Karoum et al.

The seven P-values are combined as described above to give a value 32.903 for
a chy-square vanable with 14 degrees of freedom. Qverall this meaps that the hv-
pothesis of no differsnce in HV A levels is rejected in favour of that of lowered HVA
In chronic schuzophrenics. Note that even though some experiments reject the null
hypothesis and others do not, the overall resuli is a very strong rejection of the null
hypothesis (p = .003).

Only one expenment falls in the domain of test 1B, namely that of Berger et al.
(1980) who analyzed CSF levels of HVA before and after the adminjstration of pro-
benecid. The combination procedure is thus degenerate. From Bereer et al.’s resulrs.
we calculated a P-value of .08, which implies thar there is insufficient evidence to
reject the null hypothesis.

For Test 1C all of the results in Test 1A cxcept that of Berger et al. obtained with
probenecid are relevanmt for this test. The individual p-values are relevant for this
test. The mdividual p-values of .53, .02, .71, .01, .07, and .017 give a value for
C of 32.46. There are 12 degrees of fresdom for this chi-square variable leading
one to reject Hy (p = .0005). Thus the data support the claim that HVA levels are
less in chromic schizophreaics after the adminiszation of probenecid.

We pow tum our atention o tests involving acute rather than chronic schizo-
phrenics. In relation to test 2A, the articles of Bowers and Van Woen (1972), Ny-
back er al. (1983) and Post er al. (1975) gave a comparison of results of HVA levels
In acute schizophrenics with non-afflicted individuals. The P-values for ope-sided
tests as descnbed above are .91, .23 and .38, respecuively, where that latter two
values are calculated from the data. Combining these P-values gives a value for C
of 5.06. The resulting significance probability is .54 (chi-square with 6 degrees of
freedom) with the conclusion of insufficient evidence to reject H,.

There are just two studies 1o coasider for Test 2B, namelv those of Bowers and
Van Woert and of Post er al. which cogsider acute schizophrenics meated with pro-
benecid, give C = 5.77. For a chi-square test with 4 degrees of freedom, the result
is p = .21. That is, the hypothesis of a differeace in HVA levels is not supported
by the data.

In the category 2C, only the work of Nyback et al. considered acute schizophrenics
without the appiicadon of probenecid. With p = .23, there is insufficicnr evidence
to reject H,,.
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Finally, we consider the combinarion of results for experiments in which patients
were either acuwe or chronic schizophrenics. For Test 3A, we employ P-values from
studics of both types of schizophrenics, regardless of whether probenecid was ad-
ministered or not. There are thus 10 P-values (those in Tests 1A and 2A) which
when combined give a value for C of 37.97. The comresponding P-value is .009 (chi-
square, 20 degrees of freedom). The evidence thus strongly supporis the hvpothesis

of reduced HVA.
In Test 3B, the results emploved in tests 1B and 2B are pooled; that is, we consider

chronic or acute patients treated with probenecid before the measurement of HVA
levels. The value of C is 2.57 and for chu-square with 6 degrees of freedom, the P-
value is .86. The svidence does not support rejectdon of the hypothesis of no dif-
ference.

Finally, in Test 3C, we compare all results on HVA for chronic or acute padents
with normals without the prior applicarion of probenecid. With P-values of .53, .71,
.01, .07, .017 and .23, the resuitng C-value is 27.57. For chi-square with 12 degrees
of freedom the corresponding P-value 1s .006. Thus there is in this test srong cvi-
dence of reduced HV A in schizophrenics. |

It can be seen that of the 9 tests exccuted, none indicated that there was sufficient
evidence to reject the null hypothesis in favour of the alternanve that HVA concen-
radon is higher in schizophrenics, whether these are in acuw or chronic phases. The
results of the tests with the largest numbers of combined experiments, tests 1A (7
data sets) and wst 3A (10 data sets) both sgoangly rejected the null hypothesis with
overall P-values of .003 and .009, respectvely. Of the remaining seven tests, five
indicated that there was mnsutficient evidence 10 reject H,, whereas the tesults of the
other two strongly supported the claim that HVA was reduced in schizophrenics
versus normals. It seems therefore thar the results obtained so far lead one 1o suspect
that HVA levels in schizophrenics are equal or perhaps less than those in contols.

Of course this conclusion is based on the application of a single (Fisher’s) com-
bination procedure. However, it is apparent that the application of other methods,
such as the inverse normal method (see Hedges and Olkin, 1985, p39) would doubt-
less lead o the same conclusions because the resuits for all of the nine above tests
were never marginal or borderline. Another possible cridcism is that the sample sizes
In the various cxpeniments were different. Howcver, the numbers of paticots in the
vanous groups were always of the same order of magnitude (20 or s0) and sample
size is taken account when obtaining the P-values of the individual tests which were
combined to calculate the test stansuce C.

The drawing of conclusions from such results is however complicated, especially
in relation to the dopamine hypothesis. Examples of complicatons include the effect
of anupsychotic drugs and the appearance of extra-pyramidal dvsfunction. Chase et
al. (1970) srudied a group consisting mainly of chronic schizophrenics and found
that those who had not been weated with antipsychotic drugs had similar HV A levels
to those found in normals by Persson and Roos (1969). However, of the patients
who had received antpsychotic drugs, one group who showed 00 sigas of exira-
pyramidal dysfuncton teaded 1o have elevated HVA, wherecas another group without
the manifesiadons of such dysfuncton, had HV A levels which were apparently not
sO elevared.

The complications in interpreting HV A measurements have been elucidated in a
umely recent revicw by Amin et al. (1992). Most of the body pool of HVA is ev-
idently generated by noradrenergic actvity and most brain HVA enters the blood
directly wathout appeaning in the CSF, which might receive about 3.5 per cent. Fur-
thermore, large accumulations of HVA occur in the brain after the administration of
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probenccid. Many drugs, inciuding haloperidol and chlorpromazine, inhibit the egress
of HVA into the blood. These claims cast doubt on the usefulness of many of the
experiments analyzed in our study. However, if there is HVA in the CSF it has
almost certainly originated from the striatum adjacent to the lateral venncles, but
there is a very steep gradient in HVA (80 per cent drop) within the CSF from ven-
xicles o spinal cord Where measurements are made.

Since many other factors apart from brain DA neuronal acuvity influcace HVA

levels in body fluids, Amin er al_ (1992) expressed po surprisc that the resulrs con-
sidered by Heritch (1990) and further analvzed above show variability. Measure-
ments at mulOpie time points were advocated as well as simultapeous analysis of
more than one body fluid. Nevertheless, despite the many complications, measure-
ment of HVA was still considered the best method of detecting changes in the ac-

uvities of brain DA neurons.

In part, Heritch (1990) tried to interpret the variability of the results onp HV A levcels
tn schuzophrenics in terms of rype of symptomatology. Acute pateats perhaps have
high DA turnover whereas chronic padents refractorv to treatment possess low turn-
Over. An explanauion was sought in terms of an hypothesis of MacKay (1980):
schizophrenia involves a reducton in DA release which causes postsynapuc receptor
supersensidvity. If a subsequent increase in DA release rate oceurs it gives rise 1o
byperactvity due to the oversensitive receptors and a concomitant acure phase of the
disorder. The resuits of our analysis seem t lead support to these ideas, but in
accordance with Amin et al. (1992) and Heritch (1990), a more detailed and broader
set of experiments must be performed before definite conclusions can be drawn.
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