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ABSTRACT

BACKGROUND: Early-onset Alzheimer’s disease dementia (EOAD) is characterized by more
pronounced cognitive decline than late-onset AD dementia (LOAD). Characteristic performance
in spoken language remains undefined.

METHOD: A cross-sectional analysis of 1,189 people with EOAD and 4,646 with LOAD from
the National Alzheimer’s Coordinating Center (NACC).

RESULT: Based on data from their first NACC visit with AD, there was considerable
heterogeneity in language performance across people with EOAD and LOAD. The distribution
of naming ability was similar across these groups. On average, people with LOAD had better
performance than people with EOAD for category fluency, letter fluency, and spoken lexical
retrieval, and had lower Clinical Dementia Rating (CDR®) language scores, though there was
considerable overlap in all of the distributions for people with EOAD and people with LOAD.
DISCUSSION: At diagnosis, EOAD and LOAD language profiles are distinct. There is

substantial variability in both groups in multiple aspects of language.

Keywords: language; Alzheimer’s disease dementia; early-onset; late-onset; non-amnestic
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1.0 INTRODUCTION

Alzheimer’s disease (AD) pathology is the most common cause of dementia, accounting
for over half of cases worldwide [1]. AD dementia is a clinical syndrome characterized by multi-
domain cognitive decline, including memory, accompanied by acquired functional impairment in
a major life category [2-4]. Two subtypes are identified by age at diagnosis: early-onset (EOAD)
and late-onset AD dementia (LOAD). While EOAD and LOAD are defined by objective
impairments in the memory domain, changes other cognitive domains are frequently present at
diagnosis. The clinical presentation of LOAD is increasingly recognized as heterogeneous [5,6],
with emerging evidence for distinct cognitive subgroups demarcated by relative impairments
across domains [7-9]. Similar heterogeneity at the time of dementia diagnosis is also appreciated
in people with EOAD [5,10,11].

The impact of AD dementia on the language domain has received growing attention.
Subtle changes to language, such as to lexical retrieval (e.g., naming [6] and verbal fluency [12]),
linguistic complexity (e.g., word frequency and grammatical structure [13]), and linguistic
understanding (e.g., written or auditory comprehension [14]), may emerge early in AD dementia.
Spoken language performance—evaluated through measures of naming, verbal fluency, and
spontaneous speech—is indicative of cognitive decline and clinically differentiates between MCI
and dementia [12,15-17].

Characterizations of language performance differences between EOAD and LOAD
remain mixed. Certain studies report greater impairment for people with EOAD for elements of
verbal learning [18], comprehension [19], writing [20], and verbal letter fluency [21], with more
rapid decline on average [10,11,19,20,22]. Other investigations support that people with LOAD

present with greater decline across multiple language subdomains [6,14], including semantics
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[23], confrontation naming ability [19,21,22,24], and verbal fluency [25]. Others report
inconsequential baseline differences in language performance on average between people with
EOAD and people with LOAD [11,26]. These discrepancies may stem from methodological
challenges, such as limited sample sizes, single-site data, or the reliance on coarse screening
tools such as the Mini-Mental State Examination (MMSE [27]) or the Montreal Cognitive
Assessment (MoCA [28]), which capture language performance to a limited extent.

Consequently, there remain considerable gaps in scientific understanding of various
aspects of language in AD dementia. This study addresses these gaps by characterizing facets of
language performance in a large, well-phenotyped sample of people with EOAD or LOAD. We
focus on granular elements of spoken lexical generation through core tasks of
neuropsychological assessment (e.g., naming and verbal fluency). Spoken language is a central
function of daily communication with direct implications for potential behavioral intervention in
the absence of curative pharmacological treatment [29-35].

This study leverages the extraordinarily rich data resources of the National Alzheimer’s
Coordinating Center (NACC) [36] dataset, representing a well-characterized and multicenter
sample of people living with AD. The dataset is uniquely suited for this analysis due to its
breadth, rigorous diagnostic procedures, standardized collection by trained clinicians, and its
large representation of EOAD—a population often underrepresented in large-scale studies
These strengths position the current work to provide novel insight into characteristic language
performance in EOAD and LOAD, aligning with ongoing efforts to advance dementia subtyping
and characterization.

2.0 MATERIALS & METHODS

2.1 Participants
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Participant data was drawn from the NACC Uniform Data Set 3.0 Neuropsychological
Battery (UDS3-NB [36]). There were 26,157 participants in UDS3-NB with any language items
(66,112 records). Individuals who did not have AD as a primary or secondary etiology (variable:
naccalzd) were excluded from the dataset. From the remaining 10,017 participants, 4,148 for
whom the variable naccudsd was not “Dementia” were removed. For these 5,869 participants,
only the record that corresponded to the first visit at which an AD diagnosis was formulated were
kept. Finally, 34 participants with a global CDR® [37] score of 0 (a categorical score denoting
normal functional performance across domains of memory, orientation, judgement and problem-
solving, community affairs, home and hobbies, and personal care) were removed from the

dataset. We categorized participants as EOAD if they were younger than 65 at the time of their

first visit with a diagnosis of AD in UDS1, UDS2, or UDS3. Our classification resulted in a

participant sample of 1,189 EOAD and 4,646 LOAD.

Table 1. NACC Participant Characteristics

AD in NACC before age 65
No Yes Total
(n=4646) (n=1189) (n=5835) p-value '

Age 78.1(7.4) 58.8 (4.9) 74.2 (10.4) <0.001
Female 2,395 (51.5%) 661 (55.6%) 3,056 (52.4%) 0.013
Education <0.001

<= High school 1,094 (23.7%) 278 (23.6%) 1,372 (23.7%)

Some/all college 1,843 (40.0%) 582 (49.4%) 2,425 (41.9%)

Post college 1,676 (36.3%) 317 (26.9%) 1,993 (34.4%)
Race

American Indian or Alaska Native 21 (0.5%) 9 (0.8%) 30 (0.5%) 0.001

Asian 117 (2.5%) 24 (2.0%) 141 (2.4%)

Black or African American 449 (9.8%) 65 (5.5%) 514 (8.9%)

Native Hawaiian or Other Pacific Islander 5(0.1%) 5(0.4%) 10 (0.2%)

Other 70 (1.5%) 14 (1.2%) 84 (1.5%)

White 3,942 (85.6%) 1,055 (90.0%) 4,997 (86.5%)
Any APOE &4 alleles 2,515 (54.1%) 711 (59.8%) 3,226 (55.3%) <0.001
CDR sum of boxes 55@3.2) 57@34) 5.63.2) 0.201
CDR language <0.001°*

0 2,153 (46.3%) 415 (34.9%) 2,568 (44.0%)

0.5 1,674 (36.0%) 369 (31.0%) 2,043 (35.0%)

1

620 (13.3%)

267 (22.5%)

887 (15.2%)
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2 184 (4.0%) 129 (10.8%) 313 (5.4%)

3 15 (0.3%) 9 (0.8%) 24 (0.4%)
Global spoken lexical retrieval (GSLR)* -0.00 (1.00) -0.15 (1.10) -0.03 (1.02) <0.001
Animals 11.2(5.2) 10.7 (5.5) 11.1(5.2) 0.002
Vegetables 6.8 (3.7) 6.3 (3.9) 6.7 (3.8) <0.001
Category fluency* 0.00 (1.00) -0.13 (1.09) -0.03 (1.02) <0.001
F fluency 9.9 (4.9) 8.8 (5.1) 9.7 (4.9) <0.001
L fluency 9.2 (4.8) 8.2 (4.9) 9.0 (4.8) <0.001
Letter fluency* -0.00 (1.00) -0.24 (1.08) -0.05 (1.02) <0.001
Multilingual Naming Test (MINT) 24.2 (6.9) 24.3 (6.9) 24.2 (6.9) 0.396
Montreal Cognitive Assessment (MoCA)
Naming 2.3(0.9) 2.4(0.9) 2.4(0.9) <0.001
Naming* 0.00 (1.00) 0.11 (1.01) 0.02 (1.00) <0.001

1. Wilcoxon Rank Sum tests for continuous variables, Fisher’s exact test for categorical.

2. P-value is 0.001 for White vs all others.
3. P-value is for categories 2 and 3 combined.
4.

Standardized to mean 0, Standard deviation (SD) 1 in first AD visit age 65 or later.

2.2  Harmonized Language Score

We implemented the harmonization workflow as stated in Mukherjee et. al. [38] to

harmonize the language domain in NACC. Briefly, qualified neuropsychologists and behavioral
neurologists categorized NACC test items (UDS1, UDS2, and UDS3) into memory, executive

functioning, language, visuospatial, or none of these domains. The analytic team evaluated each

NACC test item with the cognitive specialist panel to ensure administration and scoring are

equivalent for anchor items. Items were treated as categorical and recoded to a maximum of 10
categories as needed. Overlapping test items across NACC and our item bank (data derived from

additional previously harmonized and co-calibrated data sets) were treated as anchor items. Test

items were indicators in a confirmatory factor analysis (CFA) model, with all anchor item

parameters fixed and non-overlapping test items freely estimated. The CFA model was run on
the most recent visit for each individual for a given data freeze (NACC freeze April 2024) to
obtain item parameters (factor loadings and thresholds) for unique NACC items. These item

parameters were applied to the longitudinal data set (e.g. all visits, not just the most recent visit)
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126  to obtain factor scores for the language domain (Supplementary Figure 1). The language items
127  that were part of the tests implemented in UDS3 are in Table 2.

128  Table 2. Language items in NACC UDS3-NB.

Item Name | Item Description Domain Subtype
animals Tell me all the animals you can think of in one minute Category fluency
vegetables Tell me all the vegetables you can think of in one minute | Category fluency
udsverfc Number of correct F-words generated in 1 minute Letter fluency
udsverlc Number of correct L-words generated in 1 minute Letter fluency
minttots Multilingual naming test - total score Naming
mocanami MoCA - naming (lion, thino, camel) Naming
mocarepe MoCA - repetition Repetition

129

130 2.3 Domain subtype-specific scores

131 We constructed three subdomain specific scores; a) category fluency (animals and

132 vegetables); b) letter fluency (F-fluency, L-fluency); and ¢) naming (Multilingual Naming Test
133 (MINT) [39] and MoCA [28] naming tasks). We excluded repetition from this step in the

134  analyses as there was a single MoCA item for this secondary domain. We employed a weighted
135  average approach using standardized item responses. Prior to score computation, all items were
136  standardized to ensure comparability across measures. The weights applied in the averaging
137  process were derived from the standardized factor loadings obtained through confirmatory factor
138  analysis (CFA) models calibrated on our item bank. This method allowed us to account for the
139  relative contribution of each item to the underlying construct, thereby producing subdomain

140  scores that more accurately reflect the latent language abilities being assessed (see Table 3).

141
142 Table 3. Range and Standardized Loadings for Language Subdomain Items
UDS3 Items by Subdomain Original Range Standardized Factor Loading

Category fluency

Animals 0-54 0.895

Vegetables 0-60 0.879
Letter fluency

F 0-40 0.539
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L 0-40 0.714
Namin,

MINT total score 0-32 0.788

MoCA Naming 0-3 0.74

143
144 24 Statistical methods

145 Univariate comparisons of EOAD and LOAD were tested with Wilcoxon Rank Sum tests
146  for continuous outcomes and Fisher’s exact test for categorical outcomes. To describe the effect
147  of age of onset, CDR® sum of boxes (rated from 0-18 on a continuous scale, summing

148  performance across the six domains evaluated in the global CDR®), demographics, and APOE
149  genotype (coded as >1 &4 allele vs. 0 €4 alleles) on language scores, we used linear regression,
150  with robust standard errors because the residuals in the naming model were skewed. We were
151  also interested in how a combination of the CDR® language [40] score (clinician-rated language
152  ability based on a combination of informal and standardized assessment, scored on the same

153  scale as the global CDR® [37]), our subdomain scores for category fluency, letter fluency,

154  naming, and global spoken lexical retrieval (GSLR) characterized EOAD and LOAD. We used
155  modified Poisson regressions [41], adjusting for the CDR® sum of boxes, sex, education, race,
156  and the presence of any APOE ¢4 alleles. Regression assumptions were tenable in all models. We
157  conducted sensitivity analyses using the same procedures by restricting the sample to participants
158  biomarker-confirmed AD, defined as having both abnormally low amyloid and abnormally

159  elevated Tau or pTau in the CSF or abnormally elevated amyloid on PET (EOAD =401, LOAD
160 =738).

161 3.0 RESULTS

162 There were univariate differences between EOAD and LOAD for all the demographic
163 characteristics, APOE &4 genotype, and all the language measures except the MINT (Table 1).

164  Education was fairly evenly matched; over 75% of both groups received a college degree or
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graduate education (see Table 1). The majority of people with LOAD and people with EOAD

were white, with somewhat more racial diversity in the LOAD sample. More participants with

EOAD had >1 APOEFE ¢4 alleles. At their first NACC visit with AD dementia, 34% of the

participants with EOAD received scores of mild to severe impairment (1-3) for CDR® language,

almost double that of people with LOAD (18%; see Figure 1). For both groups, close to a third of

scores corresponded to questionable impairment on the CDR® scale (0.5); this was slightly

higher for people with LOAD. Close to half of the people with LOAD had normal language

performance (CDR® language = 0).

100%

80%

60%

40%

20%

100%

loAD
Global CDR

80%

60%

40%

20%

eoAD

loAD eoAD
Language CDR

CDR
3
22
I 1
B 05
I 0

Figure 1. Global and Language CDR® scores in LOAD and EOAD.

Table 4a. Linear regression models for global spoken lexical retrieval (GSLR), category
fluency, letter fluency, and naming.

GSLR Category Fluency Letter Fluency Naming
Beta 95% CI Beta 95% CI Beta 95% CI Beta 95% CI
AD before -0.13 (-0.19,- -0.14 (-0.20,- -0.23 (-0.30.- 0.11  (0.05,0.18)
age 65 0.07) 0.07) 0.17)
CDR sumof  -0.15 (-0.16,- -0.16 (-0.17,- -0.11 (-0.12,- -0.12 (-0.13.-
boxes 0.14) 0.15) 0.10) 0.11)
Female 0.01 (- 0.12 (0.07,0.17) 0.11  (0.06,0.16) -0.29 (-0.34.-
0.04,0.05) 0.24)
Education
Some/all 0.14  (0.09,0.20) 0.01 (- 032 (0.25,0.38) 0.22 (0.15,0.29)
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college 0.05,0.07)
Post college  0.20 (0.13,0.26) 0.01 (- 0.48 (0.40,0.55) 0.24 (0.17,0.31)
0.05,0.08)
White 0.20 (0.14,0.26) 0.07 (- 020 (0.12,0.27) 0.34  (0.26,0.42)
0.00,0.13)
Any APOE &4 0.08 (0.03,0.12) 0.04 (- 0.13  (0.08,0.18) 0.06 (0.01,0.11)
alleles 0.01,0.09)
Observations 5,790 5,432 5,147 4,729
178
179

180  Table 4b. Linear regression models for global spoken lexical retrieval (GSLR), category
181  fluency, letter fluency, and naming, additionally including the CDR language score.

GSLR Category Fluency Letter Fluency Naming
Beta 95% CI Beta 95% CI Beta 95% CI Beta 95% CI
AD before 0.02 (- -0.01 (- -0.14  (-0.20,- 0.24  (0.18,0.30)
age 65 0.04,0.07) 0.07,0.05) 0.07)
CDRsumof  -0.10  (-0.11,-  -0.12  (-0.12,-  -0.08 (-0.09,-  -0.08  (-0.09.-
boxes 0.09) 0.11) 0.07) 0.07)
CDR
language
-0.27  (-0.32,-  -0.25  (-0.30,-  -0.15 (-0.21,-  -0.18  (-0.23.-
0.5 0.23) 0.20) 0.09) 0.13)
-0.81 (-0.88,-  -0.72  (-0.80,- -049  (-0.57,- -0.70  (-0.79,-
1 0.75) 0.65) 0.41) 0.61)
-1.27  (-1.39,- -126  (-1.39,- -1.10  (-1.24,-  -1.30  (-1.48,-
2or3 1.15) 1.13) 0.96) 1.11)
Female -0.03 (- 0.09 (0.05,0.14) 0.09 (0.04,0.14) -0.32  (-0.37,-
0.07,0.02) 0.27)
Education
Some/all 0.15 (0.10,0.20) 0.01 (- 0.32  (0.25,0.38) 0.23 (0.17,0.30)
college 0.04,0.07)
Post college  0.22  (0.16,0.27)  0.03 (- 0.48 (0.42,0.55) 0.27 (0.20,0.34)
0.03,0.10)
Race (% 0.24 (0.18,0.29) 0.10 (0.03,0.16) 0.22 (0.15,0.29) 0.36  (0.28,0.44)
White)
Any APOE 0.05 (0.01,0.10) 0.02 (- 0.11  (0.06,0.16) 0.03 (-
&4 alleles 0.03,0.06) 0.02,0.08)
Observations 5,790 5,432 5,147 4,729
182
183
184 Linear regression models for our language scores found statistically significantly lower

185  GSLR, category fluency and letter fluency scores, and higher naming scores for participants with
186  EOAD (Table 4a), despite there being a non-significant difference in CDR® sum of boxes

187  between groups. The largest difference was observed for letter fluency, where those with EOAD

10
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188  were nearly a quarter SD lower. The models in Table 4b also include the effect of the CDR®
189  language scores. Higher CDR® language scores (e.g., worse performance) were associated with
190  lower scores (also worse performance) in GSLR, category fluency, and letter fluency in all

191  models. In addition, when including CDR® in the regression models, the differences between
192  EOAD and LOAD were attenuated for GSLR, category fluency, and letter fluency; only letter
193 fluency remained statistically significant. The difference in naming was stronger when including
194  the CDR® in the regression models, nearly a quarter of a SD higher in EOAD.

195 We also examined which combination of CDR® language ratings and domain-specific
196  and global language scores best differentiated average abilities for people with EOAD compared
197  to people with LOAD. Compared to those with LOAD, individuals with EOAD had worse

198  CDR® language and letter fluency scores, but better naming scores (see Table 5). Of note, these
199  differences were also observed when we controlled for overall dementia severity by including a
200  term for the global CDR® rating. Further, we also included a term for the CDR® sum of boxes,
201  which captures aspects of disease progression in a more granular way than the overall global
202 score.

203  Table 5. Modified Poisson regression for AD before age 65 (Incidence rate ratio, IRR, and

204  95% CI), adjusted for CDR sum of boxes, sex, education, race, and any APOE ¢4 alleles.
205

Variable IRR 95% CI
CDR language
0.5 1.15  (1.00, 1.32)
1 224 (1.91,2.61)
2or3 2.99 (2.34,3.83)

Category fluency 0.96 (0.88, 1.04)
Letter fluency 0.85 (0.79,0.91)
Naming 1.36 (1.25,1.47)
Observations 4,577

206
207 Sensitivity analyses restricted to people with biomarker-confirmed AD generally

208  confirmed the primary analyses. Without adjustment for CDR® language, differences were

11


https://doi.org/10.1101/2025.06.13.25329521
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.06.13.25329521; this version posted June 16, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

209  attenuated for GLSR and category fluency (Supplementary Table 1a) but of similar magnitude,
210  when adjusted for CDR® language (Supplementary Table 1b). In the examination of the relative
211  effects of the language measures, most estimates were similar; only the CDR® language effects
212 were reduced (Supplementary Table 1c).

213 4.0  DISCUSSION

214 This study examined the characteristics of several aspects of language including spoken
215  language in people with EOAD and LOAD using standardized assessments of lexical retrieval
216  and more global spoken language ability through several specific tests as well as the CDR®

217  derived from interviews with informants and provider ratings. We found that participants with
218  LOAD had higher language scores on average than people with EOAD for category fluency,
219  letter fluency, and for global spoken lexical retrieval. In contrast, we did not see large differences
220  on average between people with EOAD and people with LOAD in terms of confrontation

221  naming ability.

222 Several previous studies have shown differences in speech, language, and communication
223  in early-onset dementias, characterizing rarer forms of language-led syndromes (e.g., the

224 logopenic variant of primary progressive aphasia) as early-onset rather than late-onset. Notably,
225  prior detailed investigations of cognitive subdomains including language in people with EOAD
226  and people with LOAD are of a smaller scale and restricted to single study sites [6]. Hammers et
227  al. [6] provided a larger multi-site comparison of cognitive profiles in EOAD and LOAD

228  through the Alzheimer’s Disease Neuroimaging Initiative (ADNI [42]) and Longitudinal Early-
229  Onset Alzheimer's Disease Study cohorts (LEADS [43]). Their findings suggest that, despite
230  previous findings indicating worse performance in non-amnestic domains in EOAD, language

231  may be more impaired in LOAD, with substantial variability in both groups. Based on the
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232 averaged raw scores alone, people with EOAD had worse scores on average than those with

233 LOAD for category fluency, had similar scores on average compared to those with LOAD for
234 confrontation naming and story recall, and had better scores on average compared to those with
235  LOAD for word recognition. For the composite language score, however, people with LOAD
236  had lower scores on average than people with EOAD overall. In contrast, an independent meta-
237  analysis of 42 studies on the cognitive profiles of EOAD and LOAD by Seath ef al. [44] found
238  that people with EOAD differ significantly from people with LOAD at baseline: a greater

239  proportion of participants with early-onset dementia exhibited atypical presentations with

240  additional impairments to non-amnestic domains such as language and a greater overall severity
241  of symptoms. While data from 21,856 patients were synthesized for Seath et al.’s [44] work
242 (EOAD = 5,544), all cognitive domains discussed in that paper were evaluated using the MMSE.
243 Of note, while six MMSE items assess language directly, only one (confrontation naming)

244  specifically addresses spoken language.

245 Nuanced characterization and documentation of “typical” language performance in

246  EOAD and LOAD has direct clinical implications, beyond diagnostic differentiation. Targeted
247  behavioral intervention is paramount to enhance, maintain, or compensate for communication in
248  people living with AD dementia, particularly for spoken language [29-31]. Speech and language
249  therapy is the primary intervention that can slow down the behavioral impact of AD on

250  communication [32-34] and is documented to effectively enhance life participation and well-
251  being for people living with dementia [30,31,33,35].

252 Our analyses build on prior work and examine multiple features of language including
253 spoken lexical retrieval to further evaluate symptomatic features of EOAD and LOAD. Our

254  results suggest that profiles of language on average in people with EOAD and people with
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255 LOAD are distinct. Our results support that, on average, people with EOAD present with more
256  severe changes in language performance at the time of dementia diagnosis and greater

257  heterogeneity in subdomains of spoken lexical retrieval than people with LOAD. Furthermore,
258  our work demonstrates nuanced profiling of facets of language performance. Within spoken
259  lexical retrieval, confrontation naming alone was higher in EOAD than in LOAD. However,
260  spoken lexical retrieval was lower on average among people with EOAD than people with

261  LOAD for both category and letter fluency. Additionally, our GLSR scores and the CDR®
262  language scores were lower on average in people with EOAD than people with LOAD. Our work
263  thus suggests that tests of naming alone are insufficient to capture the differing linguistic profiles
264  of EOAD and LOAD. Considering language as a monolithic construct, or even considering the
265  subdomain of spoken lexical retrieval as a monolithic construct, may obscure important

266  differences between people with EOAD and people with LOAD.

267 The CDR® language score also differed on average between people with EOAD and
268  people with LOAD. The CDR® language score is ascertained and reported by specialist

269 clinicians and is based on patient and care partner report, observation, and clinical evaluation
270  [40]. The CDR® language score represents performance in discourse, speech mechanics,

271  auditory comprehension, repetition, semantics, reading, and writing. We leveraged the global
272  CDR® to further classify phenotypic presentation. While the time of diagnosis is a proxy for
273 identifying substantial changes in cognition, the time between symptom onset and diagnosis is
274  highly variable [45]. By examining individuals at a broadly comparable point in global clinical
275  progression, we reduced variability in disease severity and progression that might otherwise
276  confound comparisons between people with EOAD and people with LOAD. Furthermore,

277  controlling for overall CDR® sum of boxes allowed us to evaluate the specific role language
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278  may play in comparison to overall global cognition. This focus helped isolate differences

279 attributable specifically to age of onset (i.e., EOAD vs. LOAD), rather than disease stage.

280 Our study leveraged a uniquely robust sample of individuals with EOAD and LOAD
281  from a large, multi-site cohort of incident and prevalent AD from NACC. The standardized data
282  collection across Alzheimer’s Disease Research Centers (ADRCs), conducted by highly trained
283  clinicians and research personnel with deep expertise in dementia diagnosis and assessment,
284  ensures the clinical rigor of EOAD and LOAD classification, and ascertainment of language
285  performance in standardized fashion across all participant encounters.This methodological rigor
286  allows us to move beyond the limitations of single-clinician or single-site case series, providing a
287  much broader and more reliable foundation for examining language subdomains across AD onset
288  types.

289 Our study protocol in NACC allows for a more comprehensive evaluation of spoken
290 language, with multiple items per subdomain. One limitation of this work is the lack of

291  participant data prior to NACC enrollment: it is possible that some participants were

292  misclassified as LOAD if they were diagnosed with AD elsewhere before age 65 but didn’t join
293  NACC until after age 65. There was likely participant overlap with the LEADS and ADNI

294  cohorts described in Hammers et al. [6]. People who participated in LEADS and ADNI agree to
295  more research procedures and those samples may be even less generalizable than those in the
296  NACC data set.

297 Our work shows that a substantial proportion of individuals with AD dementia,

298  regardless of age of onset, exhibit decline in spoken lexical retrieval function at the time of

299  diagnosis. Furthermore, we show that this decline is more pronounced and varied on average in

300 people with EOAD than in people with LOAD. These findings are centered on assessments of
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301  spoken lexical retrieval: confrontation naming and verbal fluency, essential skills for daily

302  communication. While confrontation naming targets precision and verbal fluency evaluates

303  appropriateness and efficiency, both skills require the individual to access, retrieve, and verbally
304  produce target lexical items—cornerstones of communicating effectively.

305 We found significant variability within these skills within and across groups, particularly
306  for EOAD. Our findings support that EOAD differs from LOAD by more than age of onset and
307 instead represents a distinct language phenotypical profile on average with more prominent and
308  heterogeneous language deficits. This work sheds light on how AD dementia may affect

309  communication differentially for people with EOAD and people with LOAD and may inform
310  early detection strategies and intervention planning—particularly for younger individuals who
311  are more likely to experience disruptions to occupation, finances, and familial dependents

312 because of the early-onset of the condition. The present findings demonstrate that reduced

313  language performance was common at the time of AD diagnosis in both groups; while this was
314  somewhat more common in people with EOAD, it was not at all rare for people with LOAD.
315  These results support that a focus on language in addition to focus on memory may be very

316  useful to characterize these populations. Furthermore, these results suggest the possibility that
317  many people with either EOAD or LOAD may experience clinically relevant issues with spoken
318  communication, even at the time of AD diagnosis. Further research on the effectiveness of

319 interventions that target improving communication in these populations is warranted.
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Supplementary Figure 1. Standardized primary factor loadings for the global spoken lexical
retrieval (GSLR) score, with the residual correlation between the phonemic fluency items.
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