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Abstract

Objective: Reduced semantic memory performance is a known neuropsychological marker of very early Alzheimer’s disease
(AD), but the task format that best predicts disease status is an open question. The present study aimed to identify the semantic
fluency task and measure that best discriminates early-stage AD patients (PATs) from cognitively healthy controls. Method:
Semantic fluency performance for animals, fruits, tools, and vehicles was assessed in 70 early-stage AD PATs and 67 cognitively
healthy participants. Logistic regressions and receiver operating characteristics were calculated for five total score semantic
fluency measures. Results: Compared with all other measures, living things (i.e., total correct animals + total correct fruits)
achieved highest z-statistics, highest area under the curve and smallest difference between the upper and lower 95% confidence
intervals. Conclusion: Living things total correct is a powerful tool to detect the earliest signs of incipient AD.
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Introduction

One chief neuropathological characteristic of Alzheimer’s disease (AD) is neurofibrillary tau pathology. Cortical deposition
starts in the medial temporal lobe, specifically in the perirhinal cortex (PRC; Braak & Braak, 1991). Several studies suggest that
the PRC is involved in semantic object memory (see e.g., Hirni, Kivisaari, Monsch, & Taylor, 2013; Taylor, Moss, Stamatakis,
& Tyler, 2006) and particularly important for the processing of living compared with nonliving things (nLT; Kivisaari, Tyler,
Monsch, & Taylor, 2012; Tyler et al., 2004). Thus, semantic fluency tests are commonly used for the early diagnosis of AD.
However, it is yet unknown which specific measure of semantic fluency performance for which specific category differentiates
best between cognitively healthy subjects and patients (PAT) with very early AD. Using four different semantic fluency tasks,
we investigated disproportionate decline of semantic fluency performance for living compared with nLT.
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In living things, especially animals, PRC is hypothesized to integrate distinct information into a multimodal feature
representation (Taylor et al., 2006) that is akin to human semantic object memories (Murray & Richmond, 2001). The PRC
is particularly important when discriminating between visually ambiguous objects (i.e., high feature overlap; Tyler et al., 2004).
According to the conceptual structure account by Taylor et al. (2007), object features differ with respect to the extent to which
they are shared or variable. Although shared features indicate that this object belongs to a certain semantic category, variable
features discriminate between different exemplars of the category. Living things (LT) have many shared features but relatively
few variable features (Taylor et al., 2007). For example, many animals have four legs but only few are grey. However, this
combination of shared and variable features may be valid for many different animals (rabbit, elephant, donkey, etc.). Therefore,
LT are suggested to have many commonalities. In contrast, nLT usually have many variable features (e.g., has a blade) that are
often strongly correlated among each other (e.g., has a blade and is used for cutting) but only few shared features (e.g., has a
handle). Thus, nLT have less feature overlap than LT (Taylor et al., 2007). Consequently, PRC functionality may be particularly
important to process LT and performance with these stimuli may be impaired in very early AD subjects. Additionally, highly
correlated features (e.g., in nLT) are thought to be less vulnerable to neurodegeneration than weakly correlated features (e.g.,
in LT; see Taylor et al., 2007). Therefore, AD PATs are expected to show greater deficits for living than for nLT (Taylor et al.,
2007). This assumption is bolstered by several studies that found category deficits for LT (i.e., categories with high feature
overlap) in PATs with damaged PRCs (Moss, Rodd, Stamatakis, Bright, & Tyler, 2005; Noppeney et al., 2007; Wright, Randall,
Clarke, & Tyler, 2015). The findings of Kivisaari et al. (2012) further support this hypothesis: fourteen cognitively healthy
participants (NCs), 11 individuals with amnestic mild cognitive impairment (aMCI, a prodromal phase of impending AD),
and 15 very early Alzheimer’s dementia PATs were asked to name living or nLT on photographs. Cortical thickness of the
PRC significantly predicted a quotient of (proportion correct living)−(proportion correct nonliving)

(proportion correct living)+(proportion correct nonliving)
× 100, suggesting that PRC integrity is

important for item-specific discrimination of highly confusable visual objects such as LT. To our knowledge, this hypothesis has
not yet been assessed in AD using non-visual tasks.

A simple and commonly used non-visual assessment is the semantic fluency task, that is, generating as many words as
possible of a specific semantic category within a given timeframe. Successful performance requires multiple cognitive processes,
including accessing and retrieving information from semantic memory, verbal working memory, and articulation (Birn et al.,
2010; Henry & Crawford, 2004). In line with the importance of the temporal lobe for semantic memory performance, the
semantic fluency task is one of the first tests to be impaired in very early AD PATs (Amieva et al., 2008). Moreover, Hirni et al.
(2013) found a significant association between medial PRC signal intensity and animal fluency in a sample of 130 NCs, 32
aMCIs, and 10 PATs with very early Alzheimer’s dementia, corroborating Kivisaari et al.’s (2012) results described earlier.

Although “animals” is the most commonly used category in semantic fluency tasks, other categories have been investigated
in AD (e.g., colors, fruits, and cities by Amieva et al., 2008). As has recently been shown by Venneri et al. (2019), category
fluency for car brands, animals, and fruits is significantly related to left PRC volume. Thus, semantic fluency tasks reflect the
integrity of the PRC, which is the first structure affected by incipient AD. However, it remains unclear which category and which
fluency outcome measure, best identifies early AD PATs. The present study aimed to address these open questions. Based on
the conceptual structure account and the current knowledge about PRC functioning, we hypothesized that either a measure of
high feature based commonality (e.g., LT) or a combined measure of high versus low feature similarity (e.g., living vs. nLT)
will best discriminate early AD from healthy controls and, thus, best help diagnose very early AD PATs (i.e., PATs that not yet
experience severe hippocampus related cognitive deficits in daily living).

Materials and Methods

Participants

A total of 137 native Swiss-German or German speaking adults were assessed at the Memory Clinic FELIX PLATTER,
University Department of Geriatric Medicine FELIX PLATTER, Basel, Switzerland. Thorough medical screening ensured
the neurologic and psychiatric health of the 67 control participants (NCs; 35 men; mean age = 72.2 years, SD = 9.2; mean
education = 13.6 years, SD = 3.8; exclusion criteria: severe sensory or motor deficits; severe auditory, visual or speech deficits;
severe systemic disease; diseases with severe or probable impact on the central nervous system [e.g., neurologic disorders
including cerebral-vascular disease, generalized atherosclerosis, and psychiatric problems]; continuous mild-to-intense pain;
and intake of potent psychoactive substances except minor tranquilizers). NC participants from two different neuropsychological
studies were included. All had been recruited from the Memory Clinic’s “Registry of Healthy Individuals Interested to Participate
in Research.” Depending on the study, marginally different rules to ensure their cognitive health were applied: In the first study,
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conducted from 2011 to 2012, forty-two NCs had to receive normal scores on the mini-mental state examination (MMSE;
Folstein, Folstein, & McHugh, 1975), Clock Drawing Test (Thalmann et al., 2002), 15-items version of the Boston Naming
Test (Kaplan, Goodglass, & Weintraub, 1978), and a German version of the California Verbal Learning Test (CVLT; Delis,
Kramer, Kaplan, & Ober, 1987). In the second study, implemented between 2016 and 2017, twenty-five NCs were allowed
no more than one out of normal range score in the MMSE (Folstein et al., 1975), CVLT (Delis et al., 1987), Trail Making
Test B (Reitan, 1958), or 16-items version of the Informant Questionnaire on Cognitive Decline in the Elderly (Jorm, Scott,
& Jacomb, 1989). Seventy PATs (34 men; mean age = 74.7 years, SD = 6.8; mean education = 13.0 years, SD = 3.1) were
recruited from the Memory Clinic FELIX PLATTER, University Department of Geriatric Medicine FELIX PLATTER, Basel,
Switzerland, where they had received neuropsychological testing, magnetic resonance imaging (MRI), and medical/neurological
examinations including blood analyses. Consensus diagnosis using all available data (i.e., comprehensive neuropsychology and
MRI as well as gait analysis, cerebrospinal fluid analysis, positron emission tomography, etc. for some of the cases) was made
by an interdisciplinary team of experienced clinicians. Thirty-three PATs were diagnosed with aMCI due to AD (Albert et al.,
2011). Thirty-seven PATs were diagnosed with early Alzheimer’s dementia according to NINCDS-ADRDA (McKhann et al.,
2011) criteria. Groups (i.e., PATs vs. NCs) did not distinctly differ on gender (χ 2 = 0.07, p = .796), age (t = 1.79, p = .075), and
education (t = −0.88, p = .383). As expected, there were distinct differences in the MMSE scores (NCs: mean MMSE = 29.2,
SD = 1.0; PATs: mean MMSE = 27.2, SD = 2.0; t = −7.34, p = 5.18 · 10−11). The study was approved by the local ethics committee
and performed in compliance with relevant laws and institutional guidelines. Written informed consent was obtained from all
participants.

Procedures

Semantic fluency data (total correct [TC] words produced within 1 min) were assessed separately for animals, fruits, tools, and
vehicles. Participants were orally instructed to generate as many words as possible within the given, counterbalanced category
without repeating any items. Task understanding was checked by asking participants to say a few items for the category “clothes.”
Perfectly synonymous expressions were counted as repetitions. Labels such as dog breeds or car types were allowed. Individuals
were corrected only once per category if they switched category.

Analyses

TC scores were analyzed separately for animals, fruits, tools, and vehicles and for the following combined measures: LT: TC
animals + TC fruits; nLT: TC tools + TC vehicles; difference between LT and nLT (LT–nLT): (TC animals + TC fruits) – (TC

tools + TC vehicles); LT in relation to nLT (LT/nLT): TC animals+TC fruits
TC vehicles+TC tools ; difference between living and nLT in relation to the

sum of living and nLT (LT − nLT)/(LT + nLT): (TC animals+TC fruits)−(TC vehicles+TC tools)
(TC animals+TC fruits)+(TC vehicles+TC tools) .Separate logistic regressions for each

of the semantic categories and the combined measures were conducted. We used TC raw scores as independent variables and
group as dependent variable. There were no missing values. Because groups were not demographically matched, covariates age,
gender, and education were included in all analyses. Additional regression models and likelihood ratio tests were performed
using the best measures (i.e., measures with high z-statistics in the logistic regression, high value on the area under the curve
[AUC], and small difference between the upper and lower 95% confidence interval). The two best models were compared by
DeLong’s test for paired samples.

Results

Means of correct items were highest in the animal category (NCs = 23.8, SD = 4.5; PATs = 17.2, SD = 4.9), second in the fruits
category (NCs = 15.8, SD = 3.7; PATs = 11.6, SD = 3.1), followed by the vehicles category (NCs = 14.6, SD = 4.0; PATs = 11.0,
SD = 3.5). Fewest items were produced in the tools category (NCs = 11.9, SD = 3.2; PATs = 9.7, SD = 3.9).

Logistic regressions revealed that animals, fruits and LT were the measures with the highest z-statistics and the largest AUC
in the receiver operating characteristic (ROC) curves (see Table 1). The AUC of the model with LT was higher than the one for
animals (p = 0.038 in DeLong’s test). ROC curves are displayed in Figure 1. Animals and fruits were further investigated in one
logistic regression model. The regression model achieved slopes ± standard error of −0.25 ± 0.06 for animals and −0.27 ± 0.08
for fruits. The likelihood ratio statistic comparing the model that comprises animals, fruits, and demographic covariates with the
model without fruits is 12.21, and comparing it with the model without animals is 18.39. Both are larger than the 99% quantile
of the χ 2 distribution.
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Table 1. Results of nine logistic regression models as well as receiver operating characteristics sorted by AUC. Results for demographic variables (included in
each model) are not shown

Logistic regressions Receiver operating characteristics
Total score measure β z 95% CI AUC 95% CI

LT −0.26 −5.70 −0.34 – −0.17 0.88 0.82 – 0.94
Animals −0.33 −5.56 −0.44 – −0.21 0.85 0.78 – 0.91
Fruits −0.42 −5.37 −0.57 – −0.26 0.82 0.76 – 0.90
nLT −0.16 −4.14 −0.24 – −0.08 0.78 0.70 – 0.86
Vehicles −0.29 −4.28 −0.42 – −0.16 0.76 0.68 – 0.84
LT–nLT −0.18 −4.36 −0.26 – −0.10 0.75 0.66 – 0.83
Tools −0.17 −2.91 −0.28 – −0.05 0.71 0.63 – 0.80
(LT − nLT)/(LT + nLT) −3.43 −1.98 −6.82 – −0.03 0.64 0.54 – 0.73
LT/nLT −0.55 −1.23 −1.43 – 0.32 0.62 0.53 – 0.72

Note: β = log odds ratio; AUC = area under the curve; CI = confidence interval; LT = living things; nonliving things = nLT.

Figure 1. Receiver operating characteristic curves of all investigated total scores measures.

Discussion

The present results suggest that TC animals, TC fruits, and TC LT, which is a combined measure of TC animals and TC
fruits, best differentiate between cognitively healthy individuals and PATs with very early AD. Animals is the most commonly
used category to assess semantic fluency. Our results show that all groups produced most words within this category, followed
by fruits and vehicles. Most challenging for all participants was the tool category. These findings are comparable to Capitani
et al. (1999), who found identical ranking of these categories with respect to number of produced words. LT achieved the highest
z-statistics in the logistic regressions, the highest value on the AUC, as well as the smallest difference between the upper and
lower 95% confidence interval. The results for animals and fruits were only slightly inferior to LT, whereas all other measures
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achieved notably inferior results. However, the likelihood ratio tests suggested a distinct beneficial effect of adding a second
LT category, indicating a substantial benefit when animals and fruits are both included in the model. The logistic regression
model with both measures achieved very similar slopes for animals and fruits and suggests that the sum of animals and fruits
(i.e., variable LT) is the best model to differentiate between groups. Thus, LT clearly fulfilled our criteria of the most promising
measure to identify AD PATs at a very early stage in the disease process.

As predicted by the conceptual structure account, measures using nLT played a subordinate role when differentiating between
cognitively NCs and very early AD PATs. One additional reason why nLT categories may be spared in early AD is the relative
size of the category. Compared with animals, the clusters for fruits, tools, and vehicles are relatively small. For example, although
there are diverse items for the cluster “mammals,” there are only few in the cluster “bicycle.” Cluster switches are very time-
consuming (Gruenewald & Lockhead, 1980). Therefore, participants usually generate more items for the category living than
nLT in the same amount of time, which leads to more distinct performance differences between PATs and healthy controls for
living than nLT.

Our study benefits from the inclusion of well-characterized samples. Normal controls received extensive neuropsychological
testing that assured their cognitive health. PATs were diagnosed by an interdisciplinary team of experienced clinicians before
participating in this study. Although our results suggest that LT is the most promising measure for the earliest diagnosis of AD,
this might not be prominently reflected in the clinical setting, where there are PATs with many different pathologies. Most PATs
present themselves to a neuropsychological evaluation when already experiencing substantial cognitive deficits. At this stage,
individuals will perform below-average in the LT measure but probably for animals, fruits and eventually other categories as well
(see also Kivisaari et al., 2012). However, if individuals do not yet experience cognitive problems in daily living, we suggest that
LT is the most auspicious measure to detect those with incipient AD. Hence, it is a valid assessment tool not only in research
but also in the clinical setting, especially since acquiring LT needs only marginally more time than assessing animals only.
Future studies should evaluate the beneficial effect of LT in a clinical setting, in contrast to assessing animals only. Additionally,
comparing LT with phonemic fluency tests might help answer the question, if the difference between semantic and phonemic
test performance in AD is just an overstated normal tendency (Laws, Duncan, & Gale, 2010) or if using LT might enlarge this
discrepancy. Further, LT should be investigated in an MRI study to relate LT performance with cortical thickness in the PRC.

In conclusion, our findings suggest that the added TC scores of semantic fluency animals and fruits (i.e., a combined measure
of LT) is a powerful tool in the diagnostic process of very early AD.
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