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ABSTRACT 

In a meta-analysis of 135 studies involving 6000 patients with Alzheimer’s disease (AD) and 

6057 healthy controls, we examined the relative degree of semantic and phonemic fluency 

impairment in AD patients. The effect size for semantic fluency (d= 2.10; 95%CI 2.22 

to1.97) was significantly larger than for both phonemic fluency (d= 1.46: 95%CI 1.56 to 

1.36) and picture naming (d= 1.54: 95%CI 1.66 to 1.40). In meta-regression analyses we 

found that studies with greater proportions of female patients and less severe dementia both 

led to better phonemic fluency; while perhaps surprisingly, increased patient education led to 

worse semantic fluency. Critically, in 50 studies measuring both semantic and phonemic 

fluency, the effect size for the semantic-phonemic discrepancy scores did not differ between 

AD patients and controls; and was unrelated to any of the moderator variables. The latter 

findings indicate that the semantic-phonemic fluency discrepancy measure often reported as 

an important distinguishing characteristic of AD patients may be an exaggerated normal 

tendency. 
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1. Introduction 

Tests of verbal fluency are widely used to assess cognitive functioning following 

neurological damage and are viewed as sensitive indices of language dysfunction in 

Alzheimer’s disease (AD). Depending on the type of fluency task, participants are asked to 

retrieve words that start with a specific letter (e.g. F, A, S: phonemic fluency) or words that 

belong to a semantic category (e.g. animals, clothing), typically, over a one-minute period. It 

has long been known that naming is impaired at an early stage in Alzheimer’s disease (Bayles 

and Tomoeda, 1983; Martin and Fedio, 1983); however, this is true also of phonemic fluency 

(e.g. Adlam et al., 2006) and impaired semantic fluency has been viewed as a sign of early 

semantic degradation in presymptomatic AD patients (Chen et al., 2001), mild AD patients 

and those with Mild Cognitive Impairment (Adlam et al., 2006). Indeed, Adlam et al (2006) 

recently reported that semantic fluency was the only test of semantic functioning that 

significantly differentiated individuals with Mild Cognitive Impairment from healthy controls 

(see also Joubert et al, 2008; Murphy et al, 2006). 

 

A key finding in the AD literature has been the documentation of a differentially greater 

semantic than phonemic fluency impairment and the associated neuropathological 

interpretation that flows from this finding (see Henry et al, 2004). It has been widely argued 

that category fluency is disproportionately impaired in AD, while phonemic fluency is 

usually more mildly impaired (e.g. Crossley, et al, 1997; Martin and Fedio, 1983; Monsch et 

al., 1994; Salmon et al, 1999) or even intact (Butters et al, 1987). The relatively greater 

impairment of semantic over phonemic fluency in AD has been used to differentiate AD from 

other dementias, for example, fronto-temporal dementia (Rascovsky et al., 2007) and to 

differentiate mild AD from healthy elderly subjects (e.g. Gomez and White, 2006). 

Nevertheless, the opposite pattern of worse phonemic fluency or comparable performance on 
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both measures of fluency has also been, albeit less frequently, reported (Hart et al, 1988; 

Nebes et al., 1984; Ober et al, 1986; Suhr and Jones, 1998). Heterogeneity on semantic and 

phonemic fluency tasks has been observed in AD patients. Indeed, Sherman and Massman 

(1999) reported that two thirds (n=145) of their patients showed the standard semantic 

disadvantage and one-third a phonemic disadvantage (n=72).  

 

Several variables influence fluency in healthy participants, although not always consistently. 

Some have documented that phonemic and semantic fluency are inversely related to age (e.g. 

Phillips, 1999; Moreno-Martínez et al, 2008; Mathuranath et al, 2003). In a meta-analytic 

review, Rodriguez-Aranda and Martinussen (2006) reported that phonemic fluency declines 

slowly until the late 60s and then declines rapidly through the late 80s. The level of education 

is also important and typically leads to better fluency (e.g. Ardila et al, 2000; Mathuranath et 

al, 2003). Although consistent evidence indicates that education affects fluency, it is less 

clear if fluency across the lifespan varies as a function of education. In particular, education 

may be protective against age-associated decline in cognitive performance, as suggested by 

the concept of ‘cognitive reserve’ (Stern, 2002; Stern, 2003) and clearly, is something that 

lends itself to examination on fluency tasks. Indeed, since the early 1990’s, a debate has 

waged concerning the relationship between education and cognitive decline in AD. In 

particular, some have surprisingly reported that better educated AD patients show faster 

cognitive decline (Amieva et al., 2005; Mortimer et al, 1991; Stern et al., 1999; Unverzagt et 

al., 1998), although others report slower cognitive decline in AD patients with higher 

education (Fritsch et al., 2002) and equivocal or no effects of education on rates of cognitive 

decline (Katzman et al., 1988; Wilson et al., 1988).   
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Another important influence on fluency is sex, though again, the findings in healthy 

participants have been mixed, with some reporting that women show better phonemic fluency 

than men (Bolla et al., 1990; Capitani et al, 1998; Crossley et al., 1997), while others report 

no sex difference (Borod et al., 1980; Gladsjo et al., 1999; Yeudall et al., 1986). In a large 

study of 1300 healthy individuals, Tombaugh et al (1999) found no sex differences for either 

phonemic or semantic fluency, though they did find that fluency was related to both age and 

education. Sex may also interact with fluency subcategory and in a study of 300 men and 300 

women, Laws (2004) found that men outperformed women with tools and vehicles, while 

women performed better with fruits, but no sex difference emerged for animals (which is the 

most commonly used category – especially in studies of AD patients). A recent study 

examining a large number of semantic fluency subcategories in 28 male and 33 female AD 

patients found, that after controlling for dementia severity, male AD patients outperformed 

females in 13 of the 14 categories (Moreno-Martínez et al, 2008). Indeed, a somewhat 

neglected and perhaps surprising finding is that female AD patients manifest greater deficits 

on tasks of semantic memory. Several studies from the mid-90s showed that women have 

poorer performance on tasks of confrontation naming after controlling for the effects of age, 

education, duration of illness and AD severity (Buckwalter et al., 1993, 1996; Henderson and 

Buckwalter, 1994; Ripich et al., 1995). More recently, a meta-analysis of category-specific 

effects in AD patients (Laws et al, 2007) revealed that studies with higher proportions of 

females lead to worse naming in both categories. Critically, some evidence also reveals worse 

semantic, but not phonemic fluency in women (Henderson and Buckwalter, 1994; Ripich et 

al., 1995).  

 

In this meta-analysis, we examine the role played by relevant moderator variables, including 

dementia severity (as measured by MMSE), age, sex, and education in predicting semantic 
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fluency, phonemic fluency and picture naming in AD patients, as well as their role in 

predicting the semantic-phonemic discrepancy– which have not been examined previously. 

 

2. Method 

Electronic searches for the words ‘Alzheimer*’ AND ‘fluency’ were entered into the Scopus 

and Web of Science search engines. Additionally, we obtained a list of studies contained in a 

previous meta-analysis from the first author of that study (Henry et al, 2004).  The inclusion 

criteria were that the study presented means and standard deviations for semantic or 

phonemic fluency in patients with Alzheimer’s disease and healthy controls (where available 

within those studies, we also derived picture naming data for analysis). This revealed 135 

suitable studies published between 1983 and 2008. Data obtained from each study were 

converted into Cohen’s d effect size (i.e. difference between the means for the patient and 

control groups divided by their pooled standard deviation). Effect sizes were weighted for 

variance to correct for upwardly biased estimation of the effect in small sample sizes 

(Rosenthal, 1991). All effect sizes were independently extracted, compared and verified by 

two of the authors. The nomenclature of Cohen (1988) suggests the following classification 

of Cohen’s d effect sizes (small d = 0.20; medium d = 0.50; and large d = 0.80).  

 

The meta-analysis was carried out using MetaWin 2.1 (Rosenberg et al, 2000). When a 

significant index of heterogeneity was evident with a Fixed Effects Model, a Random Effects 

Model was employed (though it made no difference to the results reported). A Fixed Effects 

analysis assumes a single common effect (d) across all studies (i.e. no heterogeneity). In 

contrast, the Random Effects analysis allows the true effect in each study to be normally 

distributed (DerSimonian and Laird, 1986). This approach assumes random variation in the 

effect of interest among the studies. We also calculated a homogeneity statistic, Qwi (Hedges 
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and Olkin, 1985), to test whether the studies can be taken to share a common population 

effect size. A significant Qwi statistic indicates heterogeneity of the individual study effect 

sizes. To test for the significance of the mean effect, bias-corrected confidence intervals were 

calculated using bootstrapping with 999 replications (this approach does not require that 

effect sizes be parametrically distributed).  

 

Some studies included more than one version of the same fluency task (e.g. animals and 

tools) and where this occurred, the individual effect sizes were pooled to produce an 

aggregated mean effect size (by far, the most common category was ‘animals’ and the most 

common letters were the standard ‘FAS’). When studies included more than one patient 

group, to ensure the widest range of dementia severity, we selected the least impaired patient 

group as indicated, typically, by their Mini Mental State Examination scores (MMSE: 

Folstein et al., 1975). The 135 studies1 provided a total of 6000 AD patients and 6057 healthy 

controls (Table 1 shows the demographic details for the AD patients and controls for each 

effect size). In the total sample, the AD patients and controls were closely matched for mean 

[SD] age (71.72[5.08] vs. 70.08[6.95]), and years of education (11.91[2.83] vs. 12.63[2.95]), 

although of course they did differ in MMSE scores (20.14[2.47] vs. 28.62[0.72]). The 

majority of studies included in the meta-analysis used National Institute of Neurological and 

Communicative Disorders and Stroke and the Alzheimer’s disease and Related Disorders 

Association (NINCDS/ADRDA: McKhann et al., 1984) criteria for diagnosing Alzheimer’s 

disease. 

 

 

 

                                                 
1 This list of 135 studies and the list of 50 studies used for the discrepancy analysis are available on request from 
the first author  
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3. Results 

A large weighted mean effect size for semantic fluency was derived from 92 studies (d= 2.10: 

95%CI 2.22 to 1.97; unweighted d = 2.15). The semantic fluency studies were homogenous 

(Qwi = 99.79, df = 90, p = .40). For Phonemic fluency, the mean effect size from 96 studies 

was large (d= 1.46: 95%CI 1.56 to 1.36; unweighted d = 1.47) and again, the studies were 

homogenous (Qwi = 77.90, df = 95, p = .89)2. Finally, for picture naming, the mean effect size 

from 56 studies was also large (d= 1.54: 95%CI 1.66 to 1.40; unweighted d = 1.56); and the 

studies were homogenous (Qwi = 63.65, df = 55, p = .20).   

 

----------------------------------- 

Insert Table 1 about here 

----------------------------------- 

 

Since the 95% confidence intervals for semantic fluency did not overlap with those for 

phonemic fluency and picture naming, the effect size for the former was significantly larger 

than the latter two (Julious, 2004). We made a further direct comparison of semantic and 

phonemic fluency effects sizes retrieved from the same subjects in 50 studies (see Appendix 

2) involving large samples of AD patients (n=1771) and controls (n=2167); and thus 

controlled for potential individual differences in MMSE, age, education and gender ratio. We 

found that the effect size for semantic fluency was significantly greater than that for 

phonemic fluency (d=2.26 [95%CI 2.4 to 2.08] vs. 1.49[95%CI 1.6 to 1.35]:  QB = 33.45, df = 

1,98, p = .001, k=50).   

 

 

                                                 
2 The effect sizes  for semantic and phonemic fluency closely accord with the r values of Henry et al (our d 
values convert to r= .72 and .59 respectively (Henry et al reported .73 and .55) 
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3.1 Moderator variables 

A series of univariate weighted meta-regression3 analyses were used to examine the impact of 

the following continuous variables (age, MMSE, education and proportion of females) on 

effect sizes. Table 2 shows that the proportion of female AD patients was a significant 

predictor of effect sizes for both phonemic (r=.33) and semantic fluency (r=.34), with the 

effect sizes being smaller in samples with more female patients. Although it failed just to 

reach significance, effect sizes for picture naming were larger in studies with greater 

proportions of female patients (r=-26). Dementia severity as measured by MMSE scores was 

a significant predictor of phonemic fluency (r=.37) and picture naming (r=.50) i.e. increasing 

MMSE scores and lower age led to reduced effects sizes; however, MMSE scores did not 

significantly predict semantic fluency scores (r=.20). Age predicted only picture naming (r=-

.47). Finally, years of education significantly predicted only the effect sizes for semantic 

fluency (r=-.30) but, intriguingly, increased education led to increased effect sizes.  

 

----------------------------------- 

Insert Table 2 about here 

----------------------------------- 

 

3.2 Semantic-phonemic fluency discrepancy 

Given the importance attached to the semantic-phonemic discrepancy in AD patients, effect 

sizes were calculated for this discrepancy in the AD patients and healthy controls separately. 

The discrepancy (i.e. semantic-phonemic) scores were derived from 50 studies described 

above. These analyses controlled for the specific type of fluency task employed. Surprisingly 
                                                 
3 We note that meta-regression uses group means as predictors (as opposed to individual subject performance) 
and thus may well reduce the degree of variability that exists for the predictor variable(s) across studies (see 
Thompson & Higgins, 2002) e.g. leading to potential false negatives.  
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perhaps, this analysis revealed discrepancy scores in AD patients and healthy controls that 

did not differ across the same 50 studies, with both showing commensurably better phonemic 

than semantic fluency (d= .76 [95%CI 0.99 to 0.53]:  vs. d=.78[95%CI 1.22 to 0.40])4; both 

samples were homogenous. Furthermore, the effect size for discrepancy in AD patients was 

highly correlated with the discrepancy for controls (r=.7, p<.0001). Figure 1 shows the funnel 

plots of the discrepancy scores for AD patients and controls. Funnel plots are a visual means 

for examining publication (and other) bias in meta-analysis. They are simple scatterplots of 

the effect size estimated from individual studies (x axis) against a measure of study size (y 

axis). In the absence of bias, results from studies with small sample sizes will scatter widely 

at the bottom of the graph, with the spread narrowing and closer to the mean among larger 

studies. It is clear from Figure 1 that although the means for AD patients and controls do not 

differ, the spread of scores is reduced in AD patients. 

----------------------------------- 

Insert Figure 1 about here 

----------------------------------- 

 

Finally, again we used univariate meta-regression analyses to examine the ability of the 

demographic variables to predict the discrepancy measure. None of the variables significantly 

predicted the discrepancy scores: MMSE (Qwi = 0.03, df = 1,34, p = .86); age (Qwi =0.44, df = 

1,51, p = .50); though proportion of female patients (Qwi = 3.16, df = 1,35, p = .07) and 

education (Qwi = 3.2, df = 1,44, p = .07) both approached significance. These findings 

indicate that the relative disadvantage for semantic over phonemic fluency occurs 

independently of dementia severity and patient age with possible weak links to education and 

the proportion of female patients. 

                                                 
4 Unweighted effect sizes were 0.76 vs. 0.79 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 11  
 

 

4. Discussion 

The current meta-analysis shows that AD patients are impaired on all three language-based 

tasks and as per the previous meta-analysis of Henry et al (2004), the effect size for semantic 

fluency (d= 2.10) was significantly greater than for either phonemic fluency (d= 1.46) or 

picture naming (d= 1.58). Critically and contrary to expectation, the effect size for the 

semantic-phonemic fluency discrepancy measure did not differ between AD patients and 

elderly controls. Using meta-regression analyses, we further explored the impact of four 

common moderator variables (proportion of female AD patients, MMSE scores, age, and 

education) on the effect sizes and for the semantic-phonemic discrepancy measure - these 

moderator effects are discussed in turn below.  

 

Turning first to the role of sex, studies with a larger proportion of female AD patients 

produced smaller effect sizes both for semantic and for phonemic fluency. By contrast, the 

effect size for picture naming, although failing marginally to reach significance, was larger in 

studies with a greater proportion of female patients (cf. Laws et al, 2007). As noted, a few 

studies have documented greater semantic memory deficits in women with AD on naming 

tasks (Buckwalter et al., 1996; Henderson and Buckwalter, 1994; McPherson et al., 1999; 

Ripich et al., 1995) and semantic fluency, but not for phonemic fluency (Henderson and 

Buckwalter, 1994; Ripich et al., 1995). Given the large number of studies examined here, 

however, we would argue that the findings for fluency in this meta-analysis are robust. In 

other words, the tendency for women with AD to outperform men with AD may reflect a 

general tendency for healthy women to perform better than men on some, but not all 

linguistic tasks. Indeed, a surprising lack of clarity exists on how sex differences in healthy 

participants affect the performance of verbal tasks (see Wallentin, 2009); and further work is 
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required to determine on precisely which verbal tasks women outperform men and vice-

versa. 

 

We would naturally expect dementia severity (as measured by MMSE) to affect cognitive test 

performance generally in AD patients, and MMSE scores were indeed positively related to 

phonemic fluency and picture naming; however, they just failed to significantly predict 

semantic fluency. Although many findings show that deficits occur on all three tasks at early 

and even presymptomatic stages of the illness (e.g. Adlam et al., 2006; Chen et al., 2001; 

Martin and Fedio, 1983), unlike phonemic fluency and picture naming, the semantic fluency 

effect size does not become larger with worsening dementia. The current analyses suggest 

that semantic fluency is quite severely impaired early in the disease process and remains 

relatively stable while phonemic fluency and picture naming are initially less impaired, but 

continue to decline gradually with increasing dementia severity (at least in AD patients 

whose MMSE scores currently indicate mild to moderate dementia, i.e., a mean MMSE of 

20). Indeed, semantic memory impairment is viewed as one of the earliest cognitive markers 

of AD, with the incidence in mild AD estimated at 50% (Hodges et al., 1992) and detectable 

even in Mild Cognitive Impairment cases (Adlam et al., 2006; Vogel et al., 2005). This early 

and severe semantic impairment may reflect how AD-related pathological changes affect 

different fluency tasks. An early and marked semantic fluency deficit is consistent with the 

presence of neurofibrillary tangles in the lateral temporal lobe region early in the course of 

AD (Braak and Braak, 1991, 1996). By contrast, phonemic fluency is more commonly 

observed later in the course of the illness and is thought to reflect the extent to which 

neuropathology impacts the left prefrontal and inferior parietal cortex (Abrahams et al., 2003; 

Gourovitch et al., 2000; Keilp et al., 1999; Mummery et al., 1996). Semantic fluency is 

known to recruit both frontal and temporal lobe regions (Gourovitch, Kirkby, and Goldberg, 
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2000; Hirono et al., 2001; Kitabayashi et al., 2001; Mummery et al, 1996; Pihlajamaki et al., 

2000). Deficits on tests of semantic fluency may therefore reflect problems with semantic 

memory in addition to, or instead of executive dysfunction. Given the different neuro-

anatomical substrates associated with semantic and phonemic fluency, the relative pattern of 

semantic and phonemic fluency may provide important insights into the neurological basis 

and progression of Alzheimer’s disease.  

 

Intriguingly, increased educational attainment led to greater semantic fluency impairment, but 

had no significant impact on phonemic fluency or picture naming. Studies of AD patients 

largely attempt to match the patients and healthy controls for educational attainment as far as 

possible; and so, higher functioning controls tend to deviate much more from their matched 

AD patients than less well-educated participants. As noted, greater education in AD patients 

has been associated with faster cognitive decline (Amieva et al., 2005; Mortimer et al, 1991; 

Stern et al 1999; Unverzagt et al., 1998). Variability in findings relating to education have 

been linked to the notion of ‘Cognitive Reserve’ (CR) i.e. the hypothesised capacity of the 

brain to actively compensate for brain injury or even the normal effects of aging (Stern, 

2002).  A greater CR is hypothesized to be a protective factor that raises the threshold for the 

manifestation of cognitive deficits (and clinical symptoms); while a lower CR is viewed as a 

vulnerability factor (Satz, 1993). Hence, greater CR has been associated with an apparently 

more rapid cognitive decline in AD patients (Scarmeas et al., 2006; Stern et al., 1999) 

because, at some point, AD pathology becomes too severe to support the processes that 

mediate CR. In the case of semantic fluency, CR appears to offer one possible interpretation 

i.e. that in the better-educated patients, semantic fluency holds-up until some critical point – 

at which a more catastrophic decline occurs. This may also accord with the lack of an 

associated decline in semantic fluency and dementia severity i.e. semantic fluency may 
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decline in a stepwise rather than linear manner. Whereas for phonemic fluency and picture 

naming, the reverse profile emerges i.e. AD patients show a gradual linear decline associated 

with dementia severity, but little relationship with education. Indeed, some work indicates 

that precise relationship between education and cognitive decline in AD does appear to be 

moderated somewhat by task (Scarmeas et al., 2006).  

 

Surprisingly, little normative data exist for the semantic-phonemic discrepancy scores in 

healthy subjects, although Gladsjo et al (1999) did report that both large phonemic and large 

semantic discrepancies were ‘not uncommon’ in their sample of 768 healthy individuals. 

While semantic fluency is often reported to be more impaired than phonemic fluency in AD, 

the same effect has occasionally been observed in normal healthy ageing (Crossley et al., 

1997; Kozora and Cullum, 1995; Tomer and Levin, 1993). Nonetheless, little is known about 

whether AD patients show greater variability than healthy participants. The data reported 

here, however, did permit an estimate of the effect size for semantic-phonemic discrepancy 

scores from large samples of controls (n=2167) and AD patients (n=1771) from exactly the 

same 50 studies and critically, using the same materials (categories and letters, testing 

conditions and so on). This analysis revealed that the mean discrepancy effect size for AD 

patients was almost identical to that of healthy controls, with both showing large effects (d= 

.74 vs. d=.75). Furthermore, the discrepancy effect size in healthy controls strongly predicted 

the discrepancy in AD patients.  

 

We note, however, that the profiles are not parallel since the spread of difference scores is 

attenuated in AD patients (at both ends of the tails i.e. there are fewer extreme advantages for 

semantic or phonemic fluency). Heterogeneity on semantic and phonemic fluency tasks has 

been observed in AD patients. Indeed, Sherman and Massman (1999) reported that two thirds 
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of their patients showed the standard semantic disadvantage and one-third a phonemic 

disadvantage. Several previous studies have proposed a subtype of AD, where the disease 

appears to show a ‘frontal’ manifestation initially rather than the more typical temporal 

presentation (Braak and Braak, 1991, 1996); and therefore, AD patients who display poorer 

phonemic than semantic fluency may be displaying this more prominent frontal dysfunction 

(Hinkin et al., 1995; Soininen et al., 1995). In the current meta-analysis, for approximately 

76% (38/50) of the studies, AD patients showed the predicted pattern of better phonemic than 

semantic fluency. In control samples, a more even split emerged with 60% (n=30) of studies 

documenting better phonemic than semantic fluency and 40% (n=20) showing the reverse 

(see Figure 1). Although AD patients exhibit a more consistent semantic fluency advantage 

than healthy elderly controls, both groups show the same mean degree of semantic advantage.  

Hence, the poorer semantic than phonemic fluency so often reported in AD samples, appears 

to reflect a profile present in healthy subjects (albeit with greater variability). This must cast 

doubt on notions that greater semantic relative to phonemic fluency in AD necessarily 

reflects the differential impact of the disease on temporal lobe-based semantic knowledge 

systems; or in some way, may distinguish AD patients from controls or other even possibly 

pathologies. These conclusions appear also to be underpinned by the fact that the advantage 

for phonemic over semantic fluency in AD exists along the continua of dementia severity, 

age, education and regardless of patient sex.  

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 16  
 

References 

Abrahams S, Goldstein LH, Simmons A, Brammer MJ, Williams SC, Giampietro VP 

Andrew CM, and Leigh PN. Functional magnetic resonance imaging of verbal fluency and 

confrontation naming using compressed image acquisition to permit over responses. 

Human Brain Mapping, 20: 29-40, 2003 

Adlam A-LR, Bozeat S, Arnold R, Watson P, and Hodges JR. Semantic knowledge in mild 

cognitive impairment and mild Alzheimer’s disease. Cortex, 42: 675-684, 2006 

Amieva H, Jacqmin-Gadda H, Orgogozo JM, Le Carret N, Helmer C, Letenneur L, 

Barberger-Gateau P, Fabrigoule C, and  Dartigues JF. The 9-year cognitive decline before 

dementia of the Alzheimer type: a prospective population-based study. Brain, 128: 1093-

1101, 2005 

Ardila A, Ostrosky-Solis F, Rosselli M, and Gomez C. Age-related cognitive decline during 

normal aging: The complex effect of education. Archives of Clinical Neuropsychology, 15: 

495–514, 2000 

Bayles KA, Tomoeda CK, and Trosset MW. Naming and categorical knowledge in 

Alzheimer's disease: the process of semantic memory deterioration. Brain and Language, 

39: 498-510, 1990 

Braak H and Braak E. Neuropathological staging of Alzheimer-related changes. Acta 

Neuropathologica, 82: 239-259, 1991 

Braak H and Braak E. Evolution of the neuropathology of Alzheimer’s disease. Acta 

Neurologica Scandinavica Suppl, 165: 3-12, 1996 

Buckwalter JG, Rizzo AA, McCleary R, Shankle R, Dick M and Henderson VW. Gender 

comparisons of cognitive performances among vascular dementia, Alzheimer disease, and 

older adults without dementia. Archives of Neurology, 53: 436-439, 1996 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 17  
 

Buckwalter JG, Sobel E, Dunn ME, Diz MM, and Henderson VW. Gender differences on a 

brief measure of cognitive functioning in Alzheimer’s disease. Archives of Neurology, 50: 

757-760, 1993 

Butters N, Granholm E, Salmon DP, Grant I, and Wolfe J. Episodic and semantic memory: A 

comparison of amnesic and demented patients. Journal of Clinical and Experimental 

Neuropsychology, 9: 479–497, 1987 

Capitani E, Laiacona M, and Basso A. Phonetically cued word-fluency, gender differences 

and aging: A reappraisal. Cortex, 34: 779–783, 1998 

Chen P, Ratcliff G, Belle S,H Cauley JA, DeKosky ST, and Ganguli M. Patterns of cognitive 

decline in presymptomatic Alzheimer disease: a prospective community study. Archives of 

General Psychiatry, 58: 853-858, 2001 

Chertkow H and Bub D. Semantic memory loss in dementia of Alzheimer's type. Brain, 113: 

397-417, 1990 

Cohen J. Statistical Power Analysis for the Behavioral Sciences (2nd ed.) Hillsdale, NJ: 

Lawrence Earlbaum Associates, 1998 

Crossley M, D’Arcy C, and Rawson SB. Letter and category fluency in community-dwelling 

Canadian seniors: A comparison of normal participants to those with dementia of the 

Alzheimer or vascular type. Journal of Clinical and Experimental Neuropsychology, 19: 

52–62, 1997 

DerSimonian R and Laird N. Meta-analysis in clinical trials. Control. Clin. Trials 7: 177–

188, 1986. 

Done D J and Gale TM. Attribute verification in dementia of Alzheimer type: evidence for 

the preservation of distributed concept knowledge. Cognitive Neuropsychology, 14: 547-

572, 1997 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 18  
 

Fleisher A, Grundman M, Jack CR Jr, Petersen RC, Taylor C, Kim HT, Schiller DH, Bagwell 

V, Sencakova D, Weiner MF, DeCarli C, DeKosky ST, van Dyck CH, and Thal LJ. 

Alzheimer's Disease Cooperative Study. Sex, apolipoprotein E epsilon 4 status, and 

hippocampal volume in mild cognitive impairment. Archives of Neurology, 62: 953-957, 

2005 

Folstein MF, Folstein SE, and McHugh PR. Mini-mental state: a practical guide for grading 

the mental state of patients for the clinician. Journal of Psychiatric Research, 12: 189-198, 

1975 

Fritsch T, McClendon MJ, Smyth KA, and Ogrocki PK. Effects of educational attainment 

and occupational status on cognitive and functional decline in persons with Alzheimer-

type dementia. International Journal of Geriatric Psychiatry, 14: 347–363, 2002. 

Gladsjo JA, Schuman CC, Evans JD, Peavy GM, Miller SW, and Heaton RK. Norms for 

letter and category fluency: demographic corrections for age, education, and ethnicity. 

Assessment, 16: 147-178, 1999 

Gomez RG and White DA. Using verbal fluency to detect very mild dementia of the 

Alzheimer type. Archives of Clinical Neuropsychology, 21: 771-775, 2006    

Gourovitch ML, Kirkby BS, and Goldberg TE. A comparison of rCBF patterns during letter 

and semantic fluency. Neuropsychology, 14: 353–360, 2000 

Hart RP, Kwentus JA, Taylor JR, and Hamer RM. Productive naming and memory in 

depression and Alzheimer's type dementia. Archives of Clinical Neuropsychology, 3: 313-

322, 1988 

Hedges LV and Olkin I. Statistical Methods for Meta-Analysis. New York: Academic Press, 

1985 

Henderson VW and Buckwalter JG. Cognitive deficits of men and women with Alzheimer’s 

disease. Neurology, 44: 90-96, 1994 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 19  
 

Henry JD, Crawford JR, and Phillips LH. Verbal fluency performance in dementia of the 

Alzheimer's type: a meta-analysis. Neuropsychologia, 42: 1212-1222, 2004 

Hirono N, Mori E, Ishii H, Imamura T, Tanimukai S, Kazui H, Hashimoto M, Takatsuki Y, 

Kitagaki H, and Sasaki M. Neuronal substrates for semantic memory: A positron emission 

tomography study in Alzheimer's disease. Dementia and Geriatric Cognitive Disorders, 

12: 15–21, 2001  

Hodges JR, Salmon DP, and Butters N. Semantic memory impairment in Alzheimer's 

disease: Failure of access or degraded knowledge? Neuropsychologia, 30: 301-314, 1992  

Joubert S, Felician O, Barbeaud EJ, Didic M, Poncet M, and Ceccaldi M. Patterns of 

semantic memory impairment in Mild Cognitive Impairment. Behavioural Neurology, 19: 

35–40, 2008  

Julious SA. Using confidence intervals around individual means to assess statistical 

 significance between two means. Pharmaceutical Statistics, 3: 217–222, 2004  

Katzman R, Brown T, Thal LJ, Fuld PA, Aronson M, Butters N, Klauber MR, Wiederholt W, 

Pay M, Renbing X, Ooi WL, Hofstetter R, and Terry RD. Comparison of rate of annual 

change of mental status score in four independent studies of patients with Alzheimer’s 

disease. Annals of Neurology, 24: 384–389, 1998 

Keilp JG, Gorlyn M, Alexander GE, Stern Y, and Prohovnik I. Cerebral blood flow patterns 

underlying the differential impairment in category vs. letter fluency in Alzheimer's 

disease. Neuropsychologia, 37: 1251-1261, 1999 

Kitabayashi Y, Ueda H, Tsuchida H, Iizumi H, Narumoto J, Nakamura K, Kita H, and Fukui 

K. Relationship between regional cerebral blood flow and verbal fluency in Alzheimer's 

disease. Psychiatry and Clinical Neuroscience, 55: 459–463, 2001 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 20  
 

Kozora E and Cullum CM. Generative naming in normal aging: Total output and qualitative 

changes using phonemic and semantic constraints. The Clinical Neuropsychologist, 9: 

313–320, 1995 

Laws KR. Gender differences in lexical size across categories. Personality and Individual 

Differences, 36: 23-32, 2004 

Laws KR, Adlington RL, Gale TM, Moreno-Martínez FJ, and Sartori G. A meta-analytic 

review of category naming in Alzheimer's disease. Neuropsychologia, 45: 2674-2682, 

2007 

Mann UM, Mohr E, Gearing M, and Chase TN. Heterogeneity in Alzheimer’s disease: 

Progression rate segregated by distinct neuropsychological and cerebral metabolic 

profiles. Journal of Neurology, Neurosurgery, and Psychiatry, 55: 956–959, 1992.  

Martin A and Fedio P. Word production and comprehension in Alzheimer's disease: The 

breakdown of semantic knowledge. Brain and Language, 19: 124–141, 1983  

Mathuranath PS, George A, Cherian PJ, Alexander A, Sarma SG, and Sarma PS. Effects of 

Age, Education and Gender on Verbal Fluency. Journal of Clinical and Experimental 

Neuropsychology, 25: 1057 -1064, 2003 

McKhann G, Drachman D, Folstein M, Katzman R, Price D, and Stadlan EM. Clinical 

diagnosis of Alzheimer’s disease. Report of the NINCDS-ADRDA work group. 

Neurology, 34: 939–944, 1984 

McPherson S, Back C, Buckwalter JG, and Cummings JL. Gender-related cognitive deficits 

in Alzheimer’s disease. International Psychogeriatrics, 11: 117-122, 1999.  

Monsch AU, Bondi MW, Butters N, Paulsen JS, Salmon DP, Brugger P, and Swenson MR. 

A comparison of category and letter fluency in Alzheimer's disease and Huntington's 

disease. Neuropsychology, 8: 25-30, 1994. 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 21  
 

Moreno-Martínez FJ, Laws KR, and Schulz J. The impact of dementia, age and sex on 

category fluency: Greater deficits in women with Alzheimer's disease. Cortex, 44: 1256-

1264, 2008 

Mortimer JA, Ebbitt BJ, and Jun SP. Neuropsychological and behavioral predictors of decline 

in Alzheimer’s disease. Journal of Clinical and Experimental Neuropsychology, 13: 109, 

1991 

Mummery CJ, Patterson K, Hodges JR, and Wise RJ. Generating ‘tiger’ as an animal name or 

a word beginning with T: Differences in brain activation. Proceedings of the Royal Society 

of London B, 263: 989–995, 1996.  

Murphy KJ, Rich JB, and  Troyer AK. Verbal fluency patterns in amnestic mild cognitive 

impairment are characteristic of Alzheimer's type dementia. Journal of the International 

Neuropsychological Society, 12: 570-574, 2006  

Nebes RD, Martin DC, and Horn LC. Sparing of semantic memory in Alzheimer’s-disease. 

Journal of Abnormal Psychology, 93: 321-330, 1984. 

Ober BA, Dronkers NF, Koss E, Delis DC, and Friedland RP. Retrieval from semantic 

memory in Alzheimer's-type dementia, Journal of Clinical Experimental 

Neuropsychology, 8: 75–92, 1986 

Phillips L. Age and individual differences in letter fluency. Developmental Neuropsychology, 

15: 249–267, 1999. 

Pihlajamaki M, Tanila H, Hanninen T, Kononen M, Laakso M, Partanen K, Soininen H, and 

Aronen HJ. Verbal fluency activates the left medial temporal lobe: A functional magnetic 

resonance imaging study. Annals of Neurology, 47: 470–476, 2000. 

Rascovsky K, Salmon DP, Hansen LA, Thal LJ, and Galasko D. Disparate letter and 

semantic category fluency deficits in autopsy-confirmed frontotemporal dementia and 

Alzheimer’s disease. Neuropsychology, 21: 20–30, 2007 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 22  
 

Rasmusson DX, Carson KA, Brookmeyer R, Kawas C, and Brandt J. Predicting rate of 

cognitive decline in probable Alzheimer’s disease. Brain and Cognition 31: 133–147, 

1996  

Ripich DN, Petrill SA, Whitehouse PJ, and Ziol EW. Gender differences in language of AD 

patients: a longitudinal study. Neurology, 45: 299–302, 1995 

Rodriguez-Aranda C and Martinussen M. Age-Related Differences in Performance of 

Phonemic Verbal Fluency Measured by Controlled Oral Word Association Task 

(COWAT): A Meta-Analytic Study. Developmental Neuropsychology, 30: 697-717, 2006 

Rohrer D, Salmon DP, Wixted JT, and Paulsen JS. The Disparate Effects of Alzheimer's 

Disease and Huntington's disease on semantic memory, Neuropsychology 13: 381–388, 

1999 

Rosenberg MS, Adams DC, and Gurevitch J. MetaWin: Statistical Software for Meta-

Analysis, Version 2.0. Sinauer Associates, Sunderland, MA, 2000.  

Rosenthal R. The “file drawer problem” and tolerance for new results. Psychological 

Bulletin, 86: 638–641, 1979. 

Rosenthal R. Meta-analytic procedures for social research. Newbury Park, CA: Sage, 1991. 

Salmon DP, Heindel WC, and Lange KL.  Differential decline in word generation from 

phonemic and semantic categories during the course of Alzheimer's disease: Implications 

for the integrity of semantic memory, Journal of International Neuropsychological 

Society, 5: 692–703, 1999 

Satz P. Brain reserve capacity on symptom onset after brain injury: A formulation and review 

of evidence for threshold theory. Neuropsychology, 7: 273-295, 1993 

Scarmeas N, Albert SM, Manly JJ, and Stern Y. Education and rates of cognitive decline in 

incident Alzheimer’s disease. Journal of Neurology, Neurosurgery and Psychiatry, 77: 

308–316, 2006 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 23  
 

Sherman AM and Massman PJ.  Prevalence and correlates of category versus letter fluency 

discrepancies in Alzheimer’s disease. Archives of Clinical Neuropsychology, 14: 411-418, 

1999 

Soininen H, Helkala EL, Kuikka J, Hartikainen P, Lehtovirta M, and Riekkinen Sr PJ. 

Regional cerebral blood flow measured by 99mTc-HMPAO SPECT differs in subgroups of 

Alzheimer’s disease. Journal of Neural Transmission , 9: 95–109, 1995  

Stern Y. What is cognitive reserve? Theory and research application of the reserve concept. 

Journal of the International Neuropsychological Society, 8: 448–460, 2002 

Stern Y, Albert S, Tang MX, and Tsai WY. Rate of memory decline in AD is related to 

education and occupation: cognitive reserve? Neurology. 53: 1942–1957, 1999 

Suhr JA and Jones RD. Letter and semantic fluency in Alzheimer's, Huntington's, and 

Parkinson's dementias. Archives of Clinical Neuropsychology, 13: 447-454, 1998. 

Thompson SG and Higgins JPT. How should meta-regression analyses be undertaken and 

interpreted? Statistics in Medicine 21: 1559-1573, 2002  

Tombaugh TN, Kozak J, and Rees L. Normative data stratified by age and education for two 

measures of verbal fluency: FAS and animal naming. Archives of Clinical 

Neuropsychology, 14: 167–177, 1999 

Tomer R and Levin BE. Differential effects of aging on two verbal fluency tasks. Perceptual 

and Motor Skills, 76: 465–466, 1993. 

Unverzagt FW, Hui SL, Farlow MR, Hall KS, and Hendrie HC. Cognitive decline and 

education in mild dementia. Neurology, 50: 181-185, 1998 

Vogel A, Gade A, Stokolm J, and Waldemar G Semantic memory impairment in the earliest 

phases of Alzheimer’s disease. Dementia and Geriatric Cognitive Disorders, 19: 75-81, 

2005 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 24  
 

Wallentin M. Putative sex differences in verbal abilities and language cortex: A critical 

review Brain and Language 108: 175-183, 2009 

Wilson RS, Li Y, Aggarwal NT, Barnes LL, McCann JJ, Gilley DW, and Evans DA. 

Education and the course of cognitive decline in Alzheimer disease. Neurology, 63: 1198–

1202, 2004 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 25  
 

Acknowledgements 

AM completed this work as in partial fulfilment part for the MSc Research Methods in 

Cognitive Neuropsychology at the University of Hertfordshire. We would like to thank the 

reviewers and Prof John Crawford for their comments on an earlier draft. 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 26  
 

 
Table 1. Demographic information for the Alzheimer’s (AD) patients and the controls for each task 
 
 

Test  Sample size MMSE Age Education Proportion females Effect size

 K AD Controls AD Controls AD Controls AD Controls AD Controls d 

Semantic Fluency 92 4611 4620 20.0 28.6 72.2 69.9 11.6 12.0 .58 .59 2.10 

Phonemic fluency 96 3111 3525 20.3 28.8 72.2 70.3 12.2 13.1 .57 .57 1.46 

Picture naming 56 2607 2285 19.6 28.8 71.2 70.8 12.2 13.0 .56 .57 1.54 

Note. K = the number of studies 
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Table 3.  Mean [SD] demographics for AD patients and controls in 50 studies measuring both semantic and phonemic fluency 

 

Group K Sample size 

[range] 

MMSE Age Education Proportion females Effect size 

[range] 

AD 50 1771 [6 to 180] 20.2 [2.5] 72.8 [3.8] 12.5 [2.5]  .57 [.17]  -0.75 [-2.3 to 1.1]

Controls 50 2167 [10 to 267] 28.7 [.55] 70.1 [7.2] 13.0 [2.3]  .56 [.15]  -0.74 [-3.6 to 2.5]

Note. K = the number of studies 
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Table 2. Meta-regression analyses for moderator variables 

 

Moderator variable Semantic Phonemic Picture naming 

MMSE Q1,57 =3.3,  p=.07 Q1,64 =10.8, p<.001 Q1,33 =15.2, p<.001 

Years of education Q1,73 =12.5, p<.001 Q1,72 =1.6, p=.69 Q1,38=0.9, p=.66 

Proportion of female patients Q1,60 =8.1, p=.004 Q1,65 =9.4, p=.002 Q1,37 =2.9, p=.09 

Age Q1,85 =1.1, p=.28 Q1,91 =0.3, p=.56 Q1,50 =14.5, p<.001 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

Page | 29  
 

Figure 1. Funnel plots displaying effect sizes for the semantic-phonemic discrepancy in AD 

patients and healthy controls (derived from the same 50 studies) 

Alzheimer’s disease 

 

Healthy controls 

 
 

Note. phonemic better than semantic fluency (-); semantic better than phonemic fluency (+) 




