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Abstract

A meta-analysis of 68 studies with a total of 4644 participants was conducted to investigate the sensitivity of tests
of verbal fluency to the presence of Parkinson’s disease (PD) relative to healthy controls. Both phonemic and
semantic fluency were moderately impaired but neither deficit qualified as a differential deficit relative to verbal
intelligence or psychomotor speed. However, PD patients were significantly more impaired on semantic relative to
phonemic fluency (s = .37 vs..33, respectively), and confrontation naming, a test of semantic memory that
imposes only minimal demands upon cognitive speed and effortful retrieval, was associated with a deficit that was
of a comparable magnitude to the deficits upon each of these types of fluency. Thus, the disorder appears to be
associated with particular problems with semantic memory. Tests that impose heavy demands upon switching may
also be disproportionately affected. Demented and non-demented PD patients differ quantitatively but not
qualitatively in terms of the relative prominence of deficits on tests of phonemic and semantic fluency. However,
patients with dementia of the Alzheimer’s type and demented PD patients can be differentiated from one another by
the relative magnitude of deficits upon these two measuds.S 2004,10, 608-622.)
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INTRODUCTION Consistent with this possibility, it has been found that

. o atients with PD often perform poorly on tests designed to
In addition to motor abnormalities, it has long been recog—p P poorly g

. ; o : . ' capture executive dysfunction, including the Wisconsin Card
nised that Parkinson’s disease (PD) is also associated WI@]Orting Test (WCST; Gotham et al., 1988; Tsai et al., 1994)
a number of cognitive deficits, of which it has been sug-; ’ v X ~

: T . . ests of verbal fluency (Auriacombe et al., 1993; Cooper
gested that executive dysfunction is particularly prominent,. . 1991: Flowers et al.. 1995 Matison et al 1982) and
(Della Sala, 1988). Executive functioning is considered to,, _~ « ’ ’ ' ¥

b ‘ble for th | _ the Stroop interference test (Hanes et al., 1996a). More-

€ ;espfonm .f. or ehmore hfgfnp ?X(;l olr superws?jrytasbver’ neuropathologically, PD is associated with neuronal
PECLS of cognition such as seli-directed planning and s ratI'oss in the substantia nigra that leads to dopamine depletion
egy formation, future-orientated, goal-directed and non

. . . - 'in the nigro-striatal projection. This, in turn, leads to func-
habitual behavior (Crawford & Henry, in press; Phillips, g prol

. . ) tional abnormalities in the subcorticofrontal circuits (De
1997; Shallice, 1988; Stuss & Benson, 1986). It has bee'Iq_ong & Georgopolis, 1981). Since there is a great deal of

argu_ed that. '.DD IS assc_>c:|ated with a n.umber of specific EXavidence that executive processes rely heavily upon the in-
_ecutlve .def'C'tS’ including problems with .effortful PrOCESS- 1act functions of frontal structures (see, e.g., Shallice, 1988;
ing (Weingartner etal., 1984), the use qflnternal 'at.tentlona tuss & Benson, 1986) the presence of frontal abnormali-
cues (Brown & Marsden,_ 1988), cognitive set-shlftlng (Zecties would therefore suggest that deficits in this aspect of
et al., 1999), and self-directed strategy formation (Taylor ognition should be especially marked
et al., 1986). Moreover, Della Sala (1988) has suggesteg '

that tive dvsfuncti tfor all of th .~ However, patients with PD may be impaired upon virtu-
hat éxecutive dystunction can account for afl of the C()gn"ally all measures of cognitive function, and this includes
tive deficits associated with non-demented PD.

tests presumed to make only minimal demands on execu-

tive processes. As Miller (1984) and others (Crawford &
Reprint requests to: Julie D. Henry, School of Psychology, King’s Col- Henry, in press; Laws, .1999) ha\(e pomtqd 9Utv a qeﬂC't on

lege, University of Aberdeen, AB24 3HN. E-mail: j.d.henry@abdn.ac.ukan executive measure is not by itself sufficient to infer the
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presence of a differential executive deficit; instead, it musthat phonemic and semantic fluency impose comparable
be shown that the executive deficit is in excess of the averdemands upon executive processes. It may therefore be that
aged performance deficit across a range of other cognitiva pattern of comparable impairment upon tests of phonemic
tasks that are not considered to impose heavy executivend semantic fluency for patients with PD reflects execu-
demands. Moreover, it has been shown that putative medive dysfunction. However, to support this hypothesis, it
sures of executive functioning such as the WCST, Stroopvould also be necessary to demonstrate that for patients
interference task and verbal fluency can be dissociated iwith PD, as for frontal patients (but not for non-frontal
PD (Gurd, 1995; Van Spaendonck et al., 1996), and thus, patients), the deficit in verbal fluency qualifies as a differ-
may be that only certain aspects of executive functioningential deficit relative to current VIQ and psychomotor speed.
are differentially impaired. Although Flowers et al. (1995) found that the phonemic
and semantic fluency deficits could not be explained by
level of VIQ, no assessment was made of cognitive speed,
and thus it is not clear whether comparable deficits for the
In an attempt to resolve whether PD is associated with awo measures reflects the presence of a bradyphrenia as
differential executive deficit, verbal fluency performance Flowers et al. (1995) suggested, or executive dysfunction.
has been studied extensively. Tests of verbal fluency re- However, as noted earlier, many studies have found that
quire time-restricted generation of multiple response altersemantic fluency is more impaired than phonemic fluency,
natives under constrained search conditions, and involvand this finding has typically been attributed to the pres-
associative exploration and retrieval of words based on phoence of a specific deficit in semantic memory. Consistent
nemic or semantic criteria (known as phonemic or lettemwith this interpretation, whilst Henry and Crawford (2004)
fluency, and semantic or category fluency, respectively)found that focal frontal injuries were associated with equiv-
Both measures are thought to require efficient organisatioalent phonemic and semantic fluency deficits, semantic flu-
of verbal retrieval and recall, as well as self-monitoringency was more impaired following focal temporal damage
aspects of cognition (the participant must keep track ofr = .61), and the deficit was significantly larger than the
responses already given), effortful self-initiation, and inhi-corresponding phonemic fluency deficit € .44). Since
bition of responses when appropriate (Crawford & Henry,there is a great deal of evidence that temporal structures are
in press; Perret, 1974; Phillips, 1997; Ruff et al., 1997). the neural substrates particularly responsible for semantic

However, whilst some studies have reported significanimemory, this was presumed to reflect the greater reliance of
deficits on measures of phonemic fluency in non-dementedemantic fluency upon the integrity of semantic memory.
PD (Azuma et al., 1997; Flowers et al., 1995) others have Thus, Raskin et al. (1992a), for instance, found that non-
failed to do so (Auriacombe et al., 1993; Caltagirone et al. demented PD patients did not differ from healthy controls
1989; Goldman et al., 1998; Ivory et al., 1999; Levin et al.,on a test of phonemic fluency, but were significantly im-
1989; Matison et al., 1982; Miller, 1985). Indeed, at leastpaired on a test of semantic fluency in which specific cues
one study reported that PD patients performed better thawere provided. Raskin et al. (1992a) suggested that PD
their respective control group on this task (Taylor et al.,patients possess intact storage systems, but that there may
1986). Preserved semantic fluency has also been reportdx a specific deficit in theetrieval of semantic informa-
(Gabrieli et al., 1996; Troyer et al., 1998) but the mosttion. Auriacombe et al. (1993) also found that semantic but
consistent finding is impaired performance (Auriacombenot phonemic fluency was significantly impaired in PD.
et al., 1993; Cooper et al., 1991; Flowers et al., 1995; MaHowever, this was attributed to a more specific retrieval
tison et al., 1982). Moreover, a number of studies havaleficitin accessing the verbal labels, or phonological shapes,
reported significant deficits on semantic, but not phonemiassociated with category exemplars; i.e., not a problem with
fluency (Auriacombe et al., 1993; Matison et al., 1982). the retrieval of semantic informatigmer se but in lexical

A number of different explanations have been proposedetrieval.
to explain why patients with PD are impaired on tests of It has also been suggested that PD is associated with a
verbal fluency. Flowers et al. (1995) for instance, have arspecific deficit in the executive control mechanisms respon-
gued that the verbal fluency deficit associated with PD resible for the consecutive inhibition and disinhibition of al-
flects a mental bradyphrenia that parallels patients’ motogorithms. This derives from the fact that some studies have
bradykinesia. Flowers et al. (1995) found that non-dementedeported that measures of verbal fluency in which partici-
PD patients were impaired on both semantic and phonemipants must alternate or shift between naming exemplars
fluency, but that verbal intelligence alone could not accounthat belong to more than one different category, or accord-
for poor performance, and other word-production characing to more than one type of phonemic criteria, are also
teristics did not differ from healthy controls. impaired. However, whilst performance on the WCST is

However, in a meta-analytic review of the verbal fluency often disrupted (Gotham et al., 1988; Lees & Smith, 1983;
performance of patients with focal cortical lesions, HenryTsai et al., 1994), deficits on tests of alternating fluency
and Crawford (2004) found that focal frontal lobe injuries may not be disproportionate to those associated with the
were associated with equivalent phonemic and semantisingle fluency condition (Cooper et al., 1991; Gurd, 1995).
fluency deficits ¢s = .52 and .54 respectively) suggesting Downes et al. (1993) argue that an important factor when

Verbal Fluency Performance in PD

https://doi.org/10.1017/51355617704104141 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617704104141

610 J.D. Henry and J.R. Crawford

assessing alternating fluency performance is whether intraising meta-analysis an effect’s generalisability can be sub-
or extra-dimensional shifting is required, as it was foundjected to a level of scrutiny not possible in a single study,
that whilst PD patients’ ability to alternate between probesand with a level of objectivity and methodological consis-
of the same domain (i.e., semantic—semantic, or phonemictency that is difficult to achieve in non-quantitative reviews
phonemic) was intact, generation of exemplars from(Stanley, 2001).
different fluency domains (i.e., phonemic—semantic) was The first aim was to derive effect size estimates for pho-
selectively compromised. nemic and semantic fluency for patients with PD relative to
Thus, different researchers have advanced different inteealthy controls. Comparison of the relative magnitude of
pretations of the nature of the cognitive impairment associeach will help to resolve the inconsistencies noted in the
ated with PD, and that is presumed to underlie deficits oriterature, and permit an assessment of whether the verbal
tests of verbal fluency, and this at least partially reflectsfluency deficit associated with PD predominantly reflects
discrepancies between studies in terms of the relative magexecutive dysfunction, or problems with semantic memory
nitude of deficits on different cognitive measures. It has(Henry & Crawford, 2004).
been suggested that such discrepancies may be attributableHowever, as noted, the presence of a deficit on a test of
to substantive differences between studies in terms of thphonemic or semantic fluency does not by itself provide
PD patients sampled, and in particular, PD is associatedvidence of executive or semantic memory dysfunction, re-
with a high incidence of dementia. spectively. Thus, the second aim was to estimate effect sizes
for other cognitive measures in order to assess to what ex-
tent fluency deficits in PD qualify agifferential deficits.
Verbal Fluency Performance Premorbid intelligence as estimated by the National Adult
in Demented PD Reading Test (NART; Nelson, 1982) and the reading sub-
test of the Wide Range Achievement Test (WRAT; Jastak &
QNiIkinson, 1984) was included to address the possibility
that if a phonemic fluency deficit is present, it reflects the
ct that PD patients have not been successfully matched to
eir controls for premorbid ability. However, of particular
importance was to address the possibility that phonemic
and semantic fluency deficits simply reflect a current gen-

It remains unclear whether dementia in PD is analogous t
dementia of the Alzheimer’s type (DAT), or reflects a
clinical/neuropsychological syndrome that Albert (1978)]c
has named subcortical dementia. It has been claimed thgi
cortical dementias such as DAT are typified by a pattern o

worse semantic relative to phonemic fluency performance

and subcortical dementias by the opposite deficit IorOfIIe'eral impairment in verbal abilities (see Miller, 1984). Thus,

However, whilst research involving patients with DAT, Hun- the patternof deficits across fluency versus verbal intelli-

tington’s disease and progressive supranuclear palsy h%Sence as measured by the WAIS (Wechsler, 1955: 1981)

gogugng E\ggggfg(ﬁgj'sgintl\g'gtz)trlﬁedésg:?iig?fs(l;%%?Ez':lt;;}/erbal and Vocabulary scales (VIQ) will be compared.
’ ges, ' We will also assess whether deficits on tests of phonemic

sociation has not been consistently upheld. Suhr and Jon%%d semantic fluency are in excess of deficits on the WAIS

(1998) for instance, found the pattern of semantic and phox,. . i .
nemic fluency deficits to be comparable for patients WithDlglt Symbol test (Wechsler, 1955; 1981), a widely used

L ) } : ) . measure of psychomotor speed (Salthouse, 1992). This will
Alzheimers, Huntington's and Parkinson's dementias. QUes, o qs the possibility that deficits on tests of verbal flu-
tions also remain with respect to the relationship betwee

- o rénc simply reflect generalised slowing rather than execu-
cognitive deficits in demented and non-demented PD. Azum Y Py g g

Ive dysfunction. Performance on tests of phonemic and
et al. (1997) found that as mental state decreases, PD |s Y b

Kemantic fluency will also be compared with the Boston
associated with a reduced ability to use sub-category stru y b

ture to facilitate retrieval, suggesting that there is a ua”(j\'laming Test (BNT; Kaplan et al., 1983), a measure of se-
tative difference, and tr’1at igeman?ic fluenc shou?d bemantic memory that imposes only minimal demands upon

: ; ' . . Y 3 effortful retrieval and cognitive speed.
disproportionately impaired relative to phonemic fluency

as the dementia oroar However. this hvbothesis ha The third aim is to compare the magnitude of phonemic
s e dementia progresses. However, this Nypothesis NEy 4 semantic fluency deficits with performance on tests of
not yet been rigorously tested.

alternating fluency. Effect sizes will also be calculated for
the number of categories completed and perseverative er-
rors upon the Wisconsin Card Sorting Test (WCST CC and
WCST PE respectively; Heaton, 1981) as this measure also
To the present authors’ knowledge, the current paper is thenposes demands upon cognitive set-shifting (Miyake et al.,
first to apply meta-analytic techniques to compare perfor2000).

mance upon tests of phonemic and semantic fluency in PD. A fourth issue relates to whether the relative magnitude
One of the most important advantages of this methodologyf the deficits for phonemic and semantic fluency are com-
is that corrections can be implemented for sampling errorparable for demented and non-demented sub-groups, and
and thus it will be possible to assess whether discrepancider demented PD patients relative to patients with DAT. The
between studies reflect the influence of substantive factormagnitude of these deficits will therefore be quantified for
such as dementia status, or artifactual variance. In additiorgach of these sub-groups. Data for patients with DAT will

Aims
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be taken from an independent meta-analysis (Henry et altjon of results. The basis of this methodology is the effect
in press). PD patients were only permitted to contribute tcsize, a standardised statistic that quantifies the magnitude
the ‘demented’ or ‘non-demented’ analyses where the deef an effect. Two basic types of metric exist that can be used
mentia status of the patients was specifically indicated irto quantify effect size, known as thie and thed-families.

the study. Although mathematically equivalent, they are associated
with different interpretations of what the effect size repre-
METHODS sents. Whilst exemplars of thefamily characterise the

degree of correlation between two variables, e.g. the point-
biserial correlation between group membership (i.e., pres-
ence or absence of PD), and the variable of interest (i.e.,
A computer-based search involving Web of Scieng®sych  performance on the cognitive measure of interestymily

Lit CD-ROM, and Science Directdatabases was under- members exemplify this relationship in terms of the stan-
taken, using the following terms as search parametergjardized difference between these two variables calibrated
letter fluency FAS semantic fluencycategory fluencycon-  in terms of the standard deviation. As a consequence of its
trolled oral word associationCOWA(T) word fluency ver-  greater generality of interpretation, consistency of meaning
bal fluency oral fluency phonemic fluengyexecutive test and more salient practical meaningjs the more useful
and frontal test In addition, a manual search of most effect size estimate (see Rosenthal & DiMatteo, 2001), and
issues of the journaldournal of the International Neuro- thus, in the present study this effect size was employed.
psychological SocietyBrain, NeuropsychologyClinical It should be noted that because the correlation coefficient
NeuropsychologistNeuropsychologiaNeuropsychiatry, is associated with a slight bias, Fisher (1928) derived a
Neuropsychology and Behavioural Neurolpdpurnal of  transformation of that Snedecor and Cochran (1989) have
Neuropsychiatry and Clinical Neurosciencasd theJour-  recommended should be employed during statistical analy-
nal of Clinical and Experimental Neuropsychologgs con-  ses in preference ta However, this transformed estimate
ducted. These journals were selected as they were considersdtself associated with a bias, and in a Monte Carlo analy-
to be the most relevant to the current area of research (i.esjs, Field (2001) reported that for random effects meta-
neuropsychological deficits in Parkinson’s disease). The facanalytic models, transformed effect-size estimates produced
that most but not all issues were searched manually unforsubstantial upward biases of a larger magnitude than the
tunately reflects the very real problem that the libraries accorresponding downward biases associated with untrans-
cessible to us had only incomplete collections of certainformed correlation coefficients. Thus, in the present study,
journals, and in particular very early copies of certain jour-untransformed correlation coefficients have been employed
nals were often not available. A systematic method of searcfor statistical analyses.

through these journals was adopted, with every page checked For each construct, effects were pooled to derive an es-
for references to measures of verbal fluency. The searctimate of the mean, with each effect weighted for sample
was completed in October 2002. size to correct for sampling error. To do so, the random

The inclusion criteria were (1) the patient group had toeffects meta-analytic model was selected in preference to
consist entirely of adults with PD; (2) the study had tothe more commonly employed fixed effects model as it
include a healthy control group free from neurological oryields more generalisable parameter estimates. This is be-
psychiatric disease; and (3) a measure of phonemic, semaoause, in the fixed effects model, the mean is presumed to
tic, intra- or extra-alternating fluency. Effect size estimatesreflect acommonunderlying effect parameter that gives
for premorbid IQ, current VIQ, Digit Symbol, BNT, WCST rise to the sample observations. However, in the random
CC and WCST PE were derived from studies that also reeffects model the mean represents a hyperparameter, as it
ported verbal fluency results. For inclusion, the study mustllows for substantive differences beyond sampling error
also have presentqurecisestatistics convertible to effect that differentiate the effects contributing to each respective
sizer (i.e., theM andSDfor the patient and control group mean (Raudenbush, 1994).
separately, or precise statistical test restts, or Z). Since Statistically, the crucial difference between these meth-
an effect size expresses a directional relationship, only stasdologies is in the calculation of standard errors and confi-
tistical test results based on 1 degree of freedom could bdence intervals, which for the random effects model are
used to derive effect sizes (Rosenthal, 1994). Imprecisgypically larger. The National Research Council (1992) ar-
statistical test results were also not included (i.e., where igues that the fixed effects model should be the exception
was simply stated thgt < .05 orp < .01, etc.; Le Bras rather than the rule, as it may lead to inappropriately strong
et al., 1999; Oyebode et al., 1986). Finally, studies had t@onclusions. Thus, although more technically demanding,
have been published in English in a journal. it was considered important to use the random effects model
in the present work.

To estimate the degree of heterogeneity of the effects
contributing to each mean, the homogeneity statiStand
Meta-analysis is a rigorous, quantitative alternative to thehe random effects variance ) were estimated, as well as
traditional review process, as it involves statistical integrathe SDof random effects, and the 95% confidence intervals

Sample of Studies

Statistical Analysis
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(CI) within which random effects can be expected to f@ll. population) on a measure of interest. It should be noted that
quantifies within-group heterogeneity (i.e. the degree tofor inferential statistics comparisons were made using the
which the studies contributing to each respective mean caRVAF by group membership upon each of the measures of
be regarded as homogenous). If fQestatistic associated interest because the difference between effect sizes is non-
with a mean effect is significant, this suggests that there arénear asr increases and thiBVAFis the more appropriate
substantive differences between the studies contributing tsmdex when comparing variables.
that particular mean. In contrast, a non-significant estimate
of Q suggests that once sampling error has been removed
no substantive differences between the studies contributinf ESULTS
to the respective mean in question remain (i.e. the null hy-
pothesis of homogeneity of effects cannot be rejected). Participant Characteristics

It was also important to test whether the difference in the .
magnitude of mean effects between, for instance, phonem?shI
versus semantic fluency, was statistically significant. How- . .
ever, there is no agreed method for statistically comparin D patients and 2000 controls contributed to these analy-

mean effects using the random effects meta-analytic mode €S- R'eferences'for t.he 68 StUd'eS. mchded in this meta-
A particular difficulty is whether the degrees of freedom apaly5|s are pro.wd'e.d n the.Appendlx. Patients and controls
(df) in such analyses should be based\bfthe number of g'g _n%t ;7|ffer a%nggigﬂésn—tgrgs of ag?!\,{ |: 65'0(11’
participants) oK (the number of studies). In the present t'_ . Xsiz 96 SD.—,Z 14_ : Miefzp%%“éeDyzozr;Bu'
work, a relatively large number of studies were included,c&1oN (M — 26:99,90= £.24VS. M= 1£.00,9U= £.23,
and thereforet tests were computed using the more conser-reSpeCt'VeM‘ However, a significantly higher proportion
vativeK as thedf of the patient group were male (63.274%.47.85% male,

i espectively,p < .001). For patients with PD, the mean

Since dementia status will moderate the magnitude OL h 4 vahr (1967 ind fdi it
deficits across individual studies, for each statistical com- oehn and Yahr ( ) score, an index of disease severity

parison, only studies that assesbethvariables of interest that categqrise; Ieygl of disability according. tp stages be-
were included. For example, although in total 80 PD group ween 1 (nild disability) and 5 (:omplete |qval|d|sm was
were tested on phonemic fluency, and 66 PD groups o .32 (SD = 0.52). The mean duration of illness was 5.66
semantic fluency, since only 50 groups were assessed D= 2.83) years.
both phonemic and semantic fluency, when conducting in-
ferential statistics to compare phonemic and semantic flugffect Sizes for Patients With PD
ency, only data from these 50 groups were permitted toRelative to Healthy Controls
contribute to the analyses. This ensured that the partici-
pants being compared upon the two measures were equat&dble 1 presents estimates of the mean effects for phonemic
for dementia severity (i.e., it is exactly the same partici-and semantic fluency, their variability, and practical impor-
pants being compared upon each of these measures). tance in terms of th®VAFfor studies that includeoth of
It should also be noted that because the same participantisese measures. In addition, mean effects are presented for
were compared upon each measure, pditedts were em- premorbid IQ, current VIQ, Digit Symbol, BNT, WCST CC
ployed for all statistical comparisons. Mean effects wereand WCST PE, calculated using only those studies that in-
also calculated for each of the non-fluency variables iden€luded the particular non-fluency measure of inteliest
tified (premorbid 1Q, current VIQ, Digit Symbol, BNT, additionto phonemic or semantic fluency. As noted previ-
WCST CC and WCST PE) and compared with the corre-ously, this methodology ensures that exactly the same par-
sponding effects for phonemic and semantic fluency. Againticipants are contributing to the mean effects for the two
to ensure that dementia severity was controlled for, onlyariables of interest. This is particularly important given
studies that assesskdththe fluency and non-fluency vari- that, as expected, the magnitude of the deficits for phone-
able of interest were included in each comparison. mic and semantic fluency in terms of tF/AF were both
Finally, the null hypothesis that the mean effect size issubstantially and significantly related to dementia severity
zero was tested with the statisHgif the value ofZexceeds as measured by the Mini Mental State Examination (MMSE;
1.96, this indicates that the mean effect differs significantlyFolstein et al., 1975); phonemic= —.77,K = 41,p <.001,
from zero at the .05 level. To interpret how important asemanticr = —.67,K = 29, p < .001.
particular effect was in practical terms, Cohen’s (1977) Thus, it can be seen in Table 1 that fachnon-fluency
guidelines were adopted. These suggest that a correlation afeasure, for instance premorbid @0 mean effects have
.1 should be regarded as representing a small effect, .3 d®en calculated; one for studies that also assess phonemic
medium, and .5 as large. In addition, squares of the effedluency (r = .14; K = 19), and one for studies that also
size multiplied by 100 were also presented as these latteassess semantic fluency € .08, K = 17). Each fluency
guantities represent the percentage of the variance atnean effect was also re-calculated for these comparisons.
counted for PVAF) by group membership (i.e., the pres- For comparisons with premorbid 1Q, current VIQ, Digit
ence of PD versus being a member of the healthy adulBymbol, BNT, WCST CC and WCST PE the mean effects

xty-eight studies published between 1983 and 2002 met
e inclusion criteria specified, and in total, data from 2644
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Table 1. Performance on phonemic fluency (PF), semantic fluency (SF), and other cognitive measures for PD patients
versushealthy controls

95%Cls 95% Cls of
of mean mean effects

M K N* SE Lower Upper Z PVAF Q ¢Z SD Lower Upper

Studies with PF PFM
Semantic fluency .37 50 1603 .037 .30 44 10.1* 13.7 316.7* .053 .229-.08 .82 .33(K=050)
Premorbid 1Q 14 19 468 .045 .05 .23 3.1% 1.9 35.00 .018 .133-.12 40 .31(K=19)

Current VIQ .24 25 608 .070 .10 37 3.4* 55 173.4* .098 .314-.38 .85 .24(K=25)
Digit Symbol 39 8 204 .063 27 .52 6.2* 15.5 15.9* .017 .130 14 .65.24 (K = 8)
BNT .34 28 659 .048 .25 43 7.2 117 122.3* .047 .216-.08 .76  .31(K=28)
WCST CC 35 23 778 .030 .29 .40 11.7* 12.0 30.4 .005 .072 21 4920 (K = 23)
WCST PE 33 17 418 .031 .27 .39 10.4* 10.8 6.6 - - - - .23(K=17)
Studies with SF SFM

Phonemic fluency .33 50 1603 .036 .26 .40 9.1* 10.6 274.2* .049 .222-.11 .76 .37(K=150)
Premorbid IQ .08 17 461 .068 —.05 .21 1.2 0.6 71.4* .058 .241 —.39 .55 37(K=17)

Current VIQ .23 21 507 .080 .07 .38 2.9* 5.2 162.2* .110 .332-.42 .88 .30(K =21)

Digit Symbol 42 4 64 .085 .26 .59 5.0 18.0 4.0 .007 .085 .26 .59.43 (K = 4)

BNT 37 21 535 .059 .25 .48 6.3* 13.6 113.3* .057 .238-.10 .83 .38(K=21)

WCST CC .31 21 685 .033 .25 .38 9.4* 9.8 28.7 .006 .080 .16 A733(K=21)

WCST PE 30 19 432 .031 .24 .36 9.7* 9.2 7.5 — - - - .37(K=19)
*p <.05.

** N refers to the patient group

— indicates that the random effects variance has been estimated to be zero.

Note For conducting inferential statistics, the mean effects for PF and SF were recalculated for each comparison of interest. For example, only eight
studies included both PF and Digit Symbol. In addition to calculating the mean effect for Digit Symbol from these eight stad®% (the mean effect

for PF was also recalculated basedy on these eight studies (i.e= .24). Thus, in each comparison exactly the same participants have been tested upon
each of the measures of interest, ‘controlling’ for any substantive differences between studies, such as in level of dementia severity.

for phonemic fluency were estimated to be .XL+€ 19), rigorous test of the possibility that the difference between
24 (K=25),.24 K=8),.31 K=28),.20 K=23)and phonemic and semantic fluency reflects the influence of ex-
.23 (K = 17) respectively; the correspondisgmantidlu-  treme values, the studies contributing the 10 most extreme
ency mean effects were .3K(= 17), .30 K = 21), .43  phonemic fluency effect sizes were omitted, and the mean
(K=4), .38 K=21), .33 K=21)and .37K =19), effectsforphonemicandsemanticfluencyre-calculatedfrom
respectively. the 40 remaining studies. The studies contributing the 10 most

With the exception of premorbid 1Q for studies that alsoextreme semantic fluency effect sizes were then omitted, and
include semantic fluencyr (= .08), all the mean effects are the mean effects for phonemic and semantic fluency re-
significantly different from zero, and in terms of practical calculated fromthe remaining 40 studies. For boththese analy-
importance, at least small in magnitude. "AFby group  ses, the mean effect for phonemic fluency was calculated to
membership ranges from 0.6% to 18.0%. All the mean efbe .33, and the semantic fluency mean .37. Thus, whilst the
fects are associated with significant heterogeneity with thebsolute difference between phonemic and semantic flu-
exception of WCST CC and WCST PE (for studies thatency may be regarded as relatively small, it also appears to
include phonemic fluency), and WCST CC, WCST PE andbe robust and not attributable to the presence of a few out-
Digit Symbol (for studies that include semantic fluency). lying studies or extreme values.

The deficit for semantic fluency (= .37) is significantly The effect sizes for phonemic and semantic fluency are
larger than the deficit for phonemic fluency € .33;t = both significantly larger than fqgremorbidIQ (rs=.31vs.
2.53,df = 49, p = .015). Although the difference in the .14;t=2.21,df=18,p = .040;rs=.37vs..08;t = 2.83,
absolute magnitude of these mean effects is not striking, itlif = 16, p = .012, respectively). However, the phonemic
is important to emphasize that thevalue is a conservative fluency deficit did not differ significantly froncurrentVIQ
one due to the use df rather thanN for the degrees of (rs= .24vs..24;t = 0.18,df = 24, p = .857), and was
freedom. Moreover, although the studies that contributed taignificantly smaller than the deficit for Digit Symbalg=
each of these statistics were heterogeneous as indexed B4vs..39;t=2.65,df= 7, p=.033). The semantic fluency
the statistid@, the small difference between these two meandeficit does not significantly differ from the deficits for
effects cannot be attributed to the presence of a few outliVIQ (rs= .30vs..23;t = 1.38,df = 20.p = .183) or Digit
ers, as no outliers contributed to the mean effects for eitheBymbol (s = .43vs..42;t = 0.64,df = 3, p = .953). The
phonemic or semantic fluency. However, to provide a morenagnitude of the deficit for the BNT also does not differ
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from the deficits for phonemic or semantic fluenays & not significantly related to mean scores on the MMSE
.34vs..31;t=0.63,df = 27,p= .535;rs=.37vs..38;t = (r=—.02,K = 25,p=.920). Thus, this suggests that the
0.12,df = 20, p = .904, respectively). relative prominence of semantic memory storage and exec-

utive dysfunction is equivalent in demented and non-
demented PD.

To provide a more visual illustration of the relationship
The WCST CC is significantly more impaired than phone-between dementia severity and deficits upon tests of
mic fluency (s= .35vs..20;t = 2.65,df = 22,p = .015), phonemic and semantic fluency, in Table 2 mean effects
whilst WCST PE is also substantially more impaired thanhave been presented for phonemic and semantic fluency,
phonemic fluency, although this difference failed to attainstratified according to dementia status. It can be seen that
significance (s= .33vs..23;t =1.66,df=16,p=.117). for the mixed dementia, non-demented, and demented
Relative to semantic fluency, the deficits for WCST CC andgroups, theelative magnitude of the phonemic and seman-

Deficits in Shifting in PD

WCST PE do not differ significantlyr6 = .33vs..31;t = tic fluency deficits are comparable (i.es = .33 vs. .37,
0.25,df = 20,p = .607;rs= .37vs..30,t = 1.09,df =18, .21 vs. .24 and .64vs. .67 for phonemic and semantic
p = .291, respectively). fluency, respectively). Although the heterogeneity associ-

For studies that assess both semantic intra-alternating fllated with the mean effects for the demented and non-
ency and standard semantic fluenéy/=€ 6), the deficit for ~demented sub-groups is substantially reduced relative to
the former is substantially largars = .34vs..20. However, the mixed dementia group, all estimates @Qf remain
for studies that assess both phonemic intra-alternating flusignificant.
ency and standard single-condition phonemic fluency The PVAF by phonemic and semantic fluency for non-
(K = 4), there is virtually no difference in the mean effect demented and demented PD patients is illustrated in Fig-
sizes ¢s = .12 and .13, respectively). Finally, for studies ure 1 alongside the corresponding values for patients with
that assess botbxtra-alternating and semantic fluency DAT. For the DAT analyses, data is taken from Henry et al.’s
(K = 3), the deficit for the latter is slightly larger§= .36  (in press) meta-analysis, in which 153 studies with a total
vs..29); this is also true of extra-alternating relative to pho-of 15,990 participants contributed. It can be seen that de-
nemic fluency in studies that assess both of these measurasented and non-demented PD patients differ quantitatively
(K=3;rs=.36vs..32). but not qualitatively, as the lines for the two groups are

parallel, indicating that the relative prominence of phone-
DementedVersusNon-Demented mic and semantic fluency deficits are comparable for the
PD and DAT two groups. However, relative to patients with DAT, de-

mented PD patients are substantially more impaired on pho-
The differencein terms of thePVAF (APVAF) by group  nemic fluency, but substantially less impaired on semantic
membership upon semantic versus phonemic fluency ifluency.

Table 2. Mean fluency effect sizes for mixed-dementia status, non-demented, and demented PD patients, and for patients with DAT

95%Cls 95%Cls of
of mean mean effects
Patient type M K N* SE Lower Upper Z** PVAF  Q** of SD  Lower Upper
Mixed PD
Phonemic fluency .33 50 1603 .036 .26 .40 9.1 10.6 2742 .049 .222-.11 .76
Semantic fluency .37 50 1603 .037 .30 A4 10.1 13.7 316.7 .053 .229-.08 .82
Non-demented PD
Phonemic fluency .21 28 1028 .030 .15 .27 7.1 4.4 440 .009 .092 .03 .39
Semantic fluency .24 28 1028 .029 .19 .30 8.2 5.9 450 .009 .094 .06 43
Demented PD
Phonemic fluency .64 11 207 .033 .57 .70 19.2 40.8 17.2 .005 .069 .50 .78
Semantic fluency .67 11 207 .035 .60 .73 19.0 44.3 21.7 .007 .081 .51 .82
DAT
Phonemic fluency .57 70 2674 .024 .52 .62 23.8 32.6 600.3 .033 .180 .22 .92
Semantic Fluency .73 70 2674 .017 .69 .76 42.7 52.7 630.6 .016 .128 A7 .98

*N refers to patient group.
**All values of Q andZ significant (i.e.,ps <.05).
Note.DAT data taken from Henry et al. (in press).
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60 mic fluency deficit was significantly smaller than the deficit
for Digit Symbol, whilst the deficits for semantic fluency
and Digit Symbol did not differ. Unfortunately conclusions
relating to the possibility that bradyphrenia or cognitive
slowing underlies many of the cognitive deficits associated
0 with PD must necessarily be tempered by the fact that a
relatively small number of studies contributed to the analy-
- ses involving Digit Symbol. Nevertheless, the current find-
~ ings are consistent with this possibility.

However, as noted previously, the phonemic fluency def-
—o—DAT icit was significantly smaller than the deficit for semantic
- Demented PD fluency. Since these measures have been found to impose

—0— Non-demented PD .
10 comparable demands upon executive processes (Henry &

P Crawford, 2004), and are also presumably equivalent in
terms of their relative dependence upon cognitive speed,
Phonemic Semantic this suggests that PD may be associated with a particular
Fluency Type deficit in semantic memory. Indeed, confrontation naming
_ ) _ _ is considered to be very sensitive to semantic memory (Hart,
Fig. 1. PVAF in performance on phonemiersussemantic flu- 1988), but imposes only minimal demands upon speed and
ency by the presence of non-demented PD, demented PD and DAl 4| retrieval. In the present study, confrontation nam-
(DAT data taken from Henry et al., in press). . . . . .
ing was associated with comparable deficits relative to both
phonemic and semantic fluency. Thus, even when the re-
quirements for speed and effortful retrieval have been al-
Assessing the Possibility of Publication Bias most entirely removed, there is still evidence of a deficit in

A number of validity threats have been identified that maysemantlc memory.

: . ) . L However, a semantic memory deficit may refletthera
lead to imprecise conclusions in both non-quantitative and S . . . _
. . : o .. degradation in the integrity of semantic memory (i.e. se-
meta-analytic reviews. Particularly problematic is the “file

.o o mantic representations may be abnormally organized or lost)
drawer problem,” which refers to the fact that significant as is thought to be the case in DAT, or instead, specific

results are more likely to be published than non-significant.... = . . . L . :
results (Easterbrook et al., 1991). To assess whether thdn‘hcultles with the retrieval of semantic information. Whilst

: ere is evidence that phonemic and semantic fluency im-
bias posed a threat to the results of the present study, funne : .
. ose equivalent demands upeffortful retrieval processes
plot diagrams were constructed for each of the fluency an

50

20

Henry & Crawford, 2004), it is probable that the retrieval

non-fluency measures of interest. In these diagrams, san)- o : .
?f semantic items in semantic fluency tasks may depend on

ple S|_2.e IS plo_tted agamsft thg corresponding study le.veaddmonal retrieval mechanisms that are different to those
effect; if statistically non-significant results have been dis- . . . . . .
L ) . required in phonemic retrieval (e.qg., if depth of encoding
criminated against, there should be a relative absence g}, . . ]
studies with small sample sizes that report weak effects iffers, retrieval mechanisms may differ as wel))
P P "~ For patients with DAT, there is a great deal of evidence

For none of the variables was there evidence of this blaﬁ\at a degradation of the semantic store underlies the se-

operating. mantic memory deficit observed. Nebes (1989), for in-

stance, points out that semantic tasks that impose similar
DISCUSSION demands upon the retrieval of semantic information are not
always comparably impaired. Moreover, multidimensional
scaling has revealed DAT to be associated with a distortion
in semantic space (Chan et al., 1993) indicating that there is
Although the presence of PD was associated with deficit® fundamental difference in the organisation of DAT pa-
upon tests of phonemic and semantic fluency that were sigients’ semantic representations relative to healthy elderly.
nificantly different from zero (botlps < .05), and moder- Thus, in addition to the finding that semantic fluency is
ate in practical importance according to Cohen’s (1977)substantially more impaired than phonemic fluency (Henry
criteria, for studies that assessed both measures, the semat-al., in press), a great deal of other evidence has accumu-
tic fluency deficit was significantly larger, consistent with lated that suggests that DAT is associated with a disorgani-
the possibility that PD is associated with particular difficul- zation or a degradation of semantic representational
ties with semantic memory (see Henry & Crawford, 2004).knowledge.

Relative to current VIQ, the deficits for phonemic and In contrast, the most prominent position in the literature
semantic fluency did not differ significantly, suggesting thatis that the semantic memory deficit in PD reflects a prob-
poor verbal fluency performance may simply reflect a gendem with theretrieval of information from semantic mem-
eral impairment of verbal abilities. Moreover, the phone-ory. Raskin et al. (1992a) and Auriacombe et al. (1993), for

Quantifying Verbal Fluency Deficits in PD
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instance, have suggested that whilst PD patients possessay be impaired for reasons unrelated to difficulties with
intact storage systems, access to these semantic represeritssk shifting (i.e. as with all cognitive measures, the WCST
tions is disrupted, although they differ with regard to theis multifactorial), it was also important to assess whether
level of specificity of this retrieval deficit. Thus, whilst fluency measures that additionally impose substantial de-
Auriacombe et al. (1993) suggests that this retrieval deficimands upon shifting were more impaired relative to stan-
is the level of accessing phonological shapes, Raskin et atlard fluency measures.
(1992a) have argued that it is at the level of semantic infor- The present study found that tests of extra-alternating
mation in general. Other evidence that a retrieval deficitfluency are associated with slightly larger deficits than stan-
underlies the semantic memory deficit in DAT has beendard measures of fluency, whilst measures where switching
presented by Troyer and Moscovitch (1996), who foundis based solely on phonemic criteria (i.e., intra-alternating
that patients with PD, but not patients with DAT, producedphonemic fluency) were not associated with larger deficits
clusters of a normal size on tests of phonemic and semantiban standard tests of phonemic fluency. However, seman-
fluency. In addition, PD patients switched between clustergic intra-dimensional shifting was substantially more im-
significantly less often than healthy controls. Thus, al-paired than standard tests of semantic fluency. Thus, it may
though itis not possible to rule out the possibility that PD isbe that it is not the ability to shifper sethat is dispropor-
also associated with a degradation of the semantic store, thmnately impaired, nor as Downes et al. (1993) has sug-
present authors favour the interpretation that the semantigested, the ability to shift extra-dimensionally. Instead, the
memory deficit reflects a retrieval deficit because there is gresent results suggest that it is the requirement to shift
great deal of other evidence that is consistent with thisbetween different semantic dimensions, again suggesting
possibility. that for patients with PD there are particular problems with

However, it should be noted that in interpreting data oftests that impose substantial demands upon semantic mem-
these sort, there is the possibility of identity fallacies. Thus,ory. This would also be consistent with the deficits on the
whilst it is suggested that a similar pattern in phonemic andVCST observed, since this measure requires participants to
semantic fluency effect sizes for patients with PD and pashift between different semantic concepts. However, it is
tients with temporal lobe damage provides evidence thaimportant to stress that relatively few studies assessed both
PD patients are like temporal patients and therefore havalternating and standard measures of fluency, and thus con-
greater difficulties with semantic memory than with exec-tributed to these particular analyses, and this points to an
utive control processes, other interpretations of these datanportant area of future research.
are possible, and a phonemic deficit cannot be ruled out.
Related]y, if we were _to find a profile of phonemic an_d Demented PDVersusNon-Demented
semantic fluency deficits in PD that paralleled the profile
for frontal patients, this would not constitute evidence ofPD and DAT

p ,

either frontal or executive dysfunction, but could only be It was also important to address whether the relative prom-
regarded as consistent with this possibility. inence of phonemic and semantic fluency deficits differs as

In addition, it is important to note that in the presentthe disease progresses, and thus whether the relative con-
study there was a significant difference between the genddributions of executive versus semantic memory deficits are
distribution of patients and controls, and thus a caveat isomparable at each stage of the disease. As noted previ-
that there may have been a confounding by gender in theusly, it has been suggested that dementing pathology in
patientsversuscontrols comparisons. Indeed, previous lit- PD is associated with a qualitative change in cognition, and
erature has indicated that performance on different cogniin particular, as mental state deteriorates, a reduction in the
tive measures including tests of phonemic and semantiability to use sub-category structure to facilitate retrieval
fluency may be influenced by gender. However, the direc{Azuma et al., 1997).
tion of these effects has not proven consistent, and typically In the present study it was found that for demented PD
any effects observed are small in magnitude (see Lezalpatients, both semantic and phonemic fluency were associ-
1995). ated with deficits large in magnitude whilst for non-
demented PD patients both these deficits were small to
moderate. However, for both groups, the deficit for seman-
tic fluency was the larger of the twa ¢ = .67 vs..64, and
rs=.24vs..21, respectively), with the relative prominence
Relative to phonemic fluency, performance on the WCSTof the deficits upon the two measures equivalent for the two
CC was significantly more impaired, and the WCST PEgroups (i.e. as was shown in Figure 1, the deficits for de-
was also substantially more impaired than phonemic flumented and non-demented PD patients upon these mea-
ency, although this difference failed to attain significance.sures were parallel).
Relative to semantic fluency, the deficits for WCST CC and Indeed, although dementia severity was significantly re-
WCST PE did not differ significantly, consistent with there lated to the magnitude of the deficits associated with
being particular difficulties with both semantic memory andmeasures of both phonemic and semantic fluency in terms
in switching. However, since performance on the WCSTof the PVAF (rs = —.77 and —.67 respectively, both

Performance on Measures that Impose
Demands Upon Switching
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ps < .001), thedifferencein the PVAF by semantic and important given the inconsistencies noted in the primary
phonemic fluency was not related to mean scores on thstudies contributing to these analyses.
MMSE (r = —.02,p = .92). Thus, the present results indi- Meta-analysis however, has not escaped criticism. In par-
cate that demented and non-demented PD patients diffeicular, problems of heterogeneity have been raised since
quantitatively but not qualitatively in terms of the relative meta-analysts average across studies in which the variables
prominence of deficits upon the two types of fluency, sug-of interest are not uniform. Thus, it may be that by collaps-
gesting that the relative prominence of deficits in executiveing across different studies, important differences are ob-
functioning and semantic memory may also be equivalentscured. It has also been suggested that in the calculation of
Questions have also been raised with respect to the conmean effects, bad studies as well as good studies contrib-
parability of dementing pathology in PD and DAT. Relative ute, and that where there is “garbage in” there will be “gar-
to “cortical” dementias such as DAT, “subcortical” demen- bage out.” However, as Strube et al. (1985) note, reviews
tias such as PD are thought to be associated with morbased on non-quantitative methodology are equally suscep-
pronounced subcortical neuropathological abnormalities (Altible to both of these criticisms. Moreover, in contrast to
bert, 1978; Cummings, 1990). It remains a central issudraditional narrative reviews, using meta-analysis it is pos-
whether such etiologically distinct forms of dementia cansible to quantify the heterogeneity of the effects contribut-
be differentiated in terms of their deficit profiles. A com- ing to each particular mean, with the influence of sampling
mon assertion is that whilst cortical dementias are typifiederror removed, and identify bad or outlying studies using
by a pattern of worse semantic relative to phonemic fluencyigorous statistical methodology.
performance, subcortical dementias are typified by the op- In the present study the mean effects for almost all of the
posite deficit profile, and evidence consistent with this per-cognitive measures assessed in the present study were as-
spective has been found in studies involving DAT, HD andsociated with significant heterogeneitp (< .05). Since
progressive supranuclear palsy patients (Hodges et al., 1998ampling error, the most serious source of artefactual vari-
Rosser & Hodges, 1994). ance, had been removed by weighting for sample size, this
As noted, the present results indicate that as with DATsuggests that substantive differences between studies re-
demented PD patients are more impaired on semantic flumain. It is probable that a great deal of the variance reflects
ency than fluency based on orthographic criteria. Howeverdifferences in dementia severity. As noted, patients’ mean
Henry et al. (in press) found that for patients with DAT, the MMSE score was significantly and substantially correlated
mean difference in terms of theVAF by phonemic and with the magnitude of the deficits for both phonemic and
semantic fluency was 20.8%, substantially larger than theemantic fluency.
corresponding difference for demented PD (3.9%). Thus, It might be argued that for many of the mean effects
although demented patients with PD and DAT are both relsignificant heterogeneity was almost inevitable given that a
atively more impaired on semantic than phonemic fluencyrelatively large number of individual effects contributed.
for the latter group the distinction between the two fluencyAs Hedges and Olkin (1985) point out, in such circum-
types is substantially more pronounced. Thus, although pastances, relatively minor differences in the values of each
tients with PD appear to experience particular difficultieseffect may be associated with a significant homogeneity
with tasks reliant upon semantic memory, for patients withstatistic. However, the 95%lIs of the random effects for
DAT the corresponding difficulties can be regarded as subthe majority of the mean effects calculated can be consid-
stantially greater. ered to be large. Moreover, although sub-dividing patients
according to dementia status removed a considerable amount
of variability, significant heterogeneity remained for both
Substantive Versus Artefactual Variance measures of fluency in the non-demented and demented PD
groups. It is therefore important to reiterate that whilst pa-
One of the aims of the present study was to quantify thaients with PD aregenerally more impaired on semantic
degree to which the presence of PD is related to perforrelative to phonemic fluency, it remains plausible that for
mance on tests of phonemic and semantic fluency usingertain sub-groups, the reverse, or a pattern of comparable
meta-analytic techniques. The present results are particimpairment may emerge, and indeed this has been reported
larly useful because they emphasise the magnitude of thiea some studies (McDonald et al., 1996; Piatt et al., 1999;
effects. Although researchers are strongly encouraged tReid et al., 1989).
report effect sizes for their individual studies (American Thus, the present results do not rule out the possibility
Psychological Association, 2001), this is rarely done so inthat distinct sub-types exist that differ with respect to their
practice, yet is far more informative than simply reportinglevel of executive impairment. It has, for instance, been
whether a particular effect is significant or not. Moreover, suggested that PD patients with major depression are dis-
because using meta-analysis it is possible to integrate efproportionately more impaired upon measures of executive
fects across studies that differ in both the participants samfunctioning (Starkstein et al., 1989), whilst Flowers et al.
pled and methodology employed, the effects reported cafl995) found that disease severity is an important modera-
be considered to be very reliable, robust estimates of theor of the magnitude of deficits upon tests of both phonemic
corresponding parameters of interest, which is particulariyand semantic fluency. However, much of this variance will
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be bundled upvithin, rather than between studies, and thus network in patients with Alzheimer’s diseaskiurnal of Cog-
the specific influence of each cannot be explored in the nitive Neurosciences, 254-261.

present study (for example, there were insufficient studie§€ohen, J. (1977)Statistical power analysis for the behavioral
that were restricted only to milds. severe patients, etc.).  SciencegRev. ed.). New York: Academic Press. .
The heterogeneity statisti@ quantifies the degree of het- C00Per, JA., Sagar, H.J,, Jordan, N., Harvey, N.S., & Sullivan,
erogeneity between studies but cannot address the degreeE'V' (1991). Cognitive impairment in early, untreated Parkin-

. s . I son’s disease and its relationship to motor disabiByain,
of heterogeneity within each of the studies contributing to a 114, 2095-2122.

mean. However, it is recommended that if future primarycrawford, JR. & Henry, J.D. (in press). Assessment of executive

research breaks down their samples more fully, meta- geficits. In P.W. Halligan & N. Wade (EdsJhe effectiveness
analysis should be conducted to address which variables of rehabilitation for cognitive deficitsLondon: Oxford Uni-

moderate performance on tests of verbal fluency. versity Press.
Cummings, J.L. (1990Subcortical dementiaNew York: Oxford
University Press.
SUMMARY AND CONCLUSIONS De Long, M.R. & Georgopolis, A.P. (1981). Motor control of the

. s . . . basal ganglia. In J.M. Brookhart, V.B. Mountcastle, & V.B.
PD patients were significantly more impaired on semantic g.)s (Eds.)Handbook of physiologjBaltimore: American
relative to phonemic fluency. Neither of these deficits qual-  pgychological Society.

ified as differential deficits relative to measures of psycho-pelia Sala, S. (1988). Cognitive deficits of Parkinsonians and Oc-
motor speed or verbal intelligence, and thus patients with cam’s RazorEuropa Medicophysica24, 1-22.

PD do not appear to perform poorly on these tasks as Bownes, J.J., Sharp, H.M., Costall, B.M., Sagar, H.J., & Howe, J.
consequence of executive dysfunction. However, since the (1993). Alternating fluency in Parkinson’s diseaBeain, 116,
deficit for the BNT, a measure that imposes only minimal ~ 887-902.

demands upon cognitive speed and effortful retrieval, wa&asterbrook, P.J., Berlin, JA., Gopalan, R., & Mathews, D.R.
equivalent in magnitude to the deficits upon these two types (1991). Publication bias in clinical researchancet 337,

. . P . 867-872.
of fluency, it is suggested that PD is associated with a pal’Field, A.P. (2001). Meta-analysis of correlation coefficients: A

f[lcular deficit |n_ Semar_mc memory. There is als_(_) som_e_ e_v- Monte Carlo comparison of fixed- and random-effects models.
idence that patients with PD may suffer a specific deficit in Psychological Methods, 161-180.

cognitive set-shifting. Finally, the difference between de-righer, R A. (1928)Statistical methods for research workggnd
mented and non-demented PD patients in terms of the rel- eq.). London: Oliver & Boyd.

ative prominence of deficits upon these two measures islowers, K.A., Robertson, C., & Sheridan, M.R. (1995). Some
quantitative but not qualitative, but for DAT the difference  characteristics of word fluency in Parkinson’s disedseirnal

in terms of thePVAF between these two types of fluency  of Neurolinguistics9, 33—-46.

was substantially greater than for PD patients with concomFolstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). Mini-

itant dementia. mental state: A practical method for grading cognitive state of
patients for the clinicianJournal of Psychiatry Researchh?2,
189-198.
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