
Robustness and generalizability of a speech-
based composite score for measuring disease 
progression in AD

Methods
Participants:
• Current sample (Picture Description speech): 148 

English-speaking individuals with mild-to-moderate 
AD who were randomized into the placebo arm of a 
phase 2/3 clinical trial.

• Reference sample (CDR speech): 101 English-
speaking individuals with mild cognitive impairment 
or mild AD from a phase 2 clinical trial (included 
both study arms due to similar outcomes in 
treatment and placebo arms).

Assessments (completed at baseline, and at 3-month, 
6-month, and 12-month follow-up):
• Clinical: ADAS-Cog-11
• Speech: two app-based Picture Description tasks 

(1.5 min mean audio duration per task)
Quantitative speech features (extracted for each 
participant from transcribed speech recordings using 
signal processing and NLP tools):
• Speech-based composite score: 9 speech and 

language features
• Picture Description performance: object content 

score [2]

Analyses: The longitudinal trajectory and magnitude of 
change for the composite score were compared to 
those of the clinical study endpoints (e.g., ADAS-Cog) 
and the object content score. 
Results were compared against our previously 
published performance of the composite derived from 
CDR interview speech [1]. 
We further examined associations among speech-
based scores and clinical endpoints, and whether 
combining speech-based scores increased sensitivity.

Participant characteristics
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Figure 1: Mean change from baseline (CFB) in object content 
scores, at 12-, 24- and 48- weeks

Background

● Speech and language changes are well known to occur in 
Alzheimer’s disease (AD), with patients frequently 
described as having “empty speech” lacking in information 
content.1,2,3 

● Novel tools to objectively measure speech and language 
content can help to quantify this clinical symptom and 
provide measures of disease severity and progression.4,5 

● By using a picture description task and natural language 
processing analyses, we developed an object content 
score to measure the information provided when 
describing a picture. 

● In this study, we collected brief picture description speech 
assessments over the course of a 48-week AD clinical trial, 
which were administered via a tablet and took less than 
five minutes to complete. 

● Our objective was to assess the validity of the object 
content score by examining its progression within the 
placebo arm of the 48 week study period and correlations 
with other clinical scores.

Methods

● 148 English-speaking participants with mild-to-moderate 
AD were randomized into the placebo arm of a clinical 
trial.

● Participants completed the Winterlight Speech Assesment 
at basline and follow up assessments at 12 weeks (n = 
128), 24 weeks (n = 125) and 48 weeks (n = 98). Speech 
assessments were administered by a trained rater during 
each clinical visit. 

● Each speech assessment included two picture description 
tasks:  open-ended speech tasks in which participants are 
shown a line drawing of a scene and asked to describe it. 
Participants use their own words to describe the picture 
and have no time limit or feedback. 

● Speech recordings were captured by the device’s 
microphone and processed using the Winterlight speech 
analysis platform. 

● Text transcripts were generated for every recording and 
objective measures of information content were 
automatically computed based on custom natural 
language processing algorithms.

● Object content scores measure the proportion of items in 
the pictures that are correctly named in the participant’s 
description. Object content scores were averaged across 
the two pictures at each assessment.

● To test the sensitivity of object content scores to 
longitudinal change in untreated mild-to-moderate AD, we 
used a linear mixed model to estimate the slope of change 
over 48 weeks.

● To validate the object content score, we calculated 
correlations between it and other trial endpoints, including 
the ADAS-Cog, CDR-SB, MMSE and ADCS-ADL, both at 
baseline and in terms of baseline to endpoint change.

Figure 2: Change from baseline in object content scores, 
subgrouped based on change in ADAS-Cog total scores
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Figure 3: Correlations between object content scores and 
ADAS-Cog total scores, for baseline and change from baseline

● This study provides initial validation of a speech-based, objective measure of information 
content as a measure of disease severity in mild-to-moderate AD. 

● We found that in a placebo group of individuals with mild-to-moderate AD, object content 
scores showed significant decline over 48 weeks, consistent with disease progression. 

● Object content scores had moderate correlations with standard trial endpoints measuring 
cognition and function. 

● Notably, the strongest correlations were with the cognitive scales (ADAS-Cog and MMSE), 
suggesting that object content scores are more closely related to measures of cognition. 

● In contrast to standard clinical assessments, object content scores are derived from an 
app-based speech assessment, which takes less than 5 minutes to complete and requires 
minimal instruction or training. 

● Digital speech-based measures have the potential to reduce patient burden and improve 
sensitivity in assessing language and cognition in future AD trials.

Results

● Object content scores were found to show significant decline in the placebo group over the 48 week trial period, consistent 
with disease progression and decreased information content in speech (estimated slope of change = -0.05, t = -4.63, p < 0.001, 
Figure 1). 

● Baseline object content scores had significant correlations with baseline scores of cognition and function (Table 1 and Figure 3), 
including the ADAS-Cog, MMSE and ADCS-ADL, but not CDR-SB. 

● Baseline to endpoint (48-weeks) change in object content scores was significantly correlated with change in clinical scores 
(Table 2 and Figure 3), including the ADAS-Cog, MMSE and ADCS-ADL, but not CDR-SB.

● When participants were grouped based on change in ADAS-Cog from baseline to trial endpoint, those whose ADAS-Cog scores 
increased (indicating increasing cognitive impairment) had overall declines on object content scores (Figure 2). In contrast, in 
those whose ADAS-Cog scores improved, there was no decline in object content scores.

… there’s a girl 
sitting on a stool, 
holding a tomato. 

The dog has a 
spatula and is 

heading toward 
the tv…

BASELINE n Correlation 
coefficient

p value

ADAS-Cog Score 148 -0.29 <0.001

ADCS-ADL Score 148 0.23 0.005

CDR-SB Score 148 -0.16 0.06

MMSE Score 148 0.24 0.003

CHANGE FROM 
BASELINE

n Correlation 
coefficient

P value

ADAS-Cog Score 98 -0.35 <0.001

ADCS-ADL Score 98 0.29 0.004

CDR-SB Score 98 -0.17 0.10

MMSE Score 98 0.36 <0.001

Table 1: Pearson correlations between baseline object content 
scores and baseline clinical scores

Table 2: Pearson correlations between baseline-endpoint 
change in object content scores and change in clinical scores

Object content score = proportion of correctly named 
objects in the picture

r = -0.29, p < 0.001

r = -0.35, p < 0.001

Composite score 
features
Linguistic:
Word length
Syntactic depth
Word frequency
Noun use
Particle use
Pronoun use
Acoustic:
MFCC 11 mean
MFCC 25 variance
MFCC 26 variance

Current sample Reference sample
Baseline N 148 101
Age – mean (SD) 70.0 (6.6) 69.3 (7.0)
Sex – n (%)

Female 83 (56.1) 58 (57.4)
Male 65 (43.9) 43 (42.6)

ADAS-Cog-11 – mean (SD) 24.2 (8.1) 17.9 (5.7)

Figure 1: Composite score mean change from baseline at 6- and 12-months

Figure 2: Effect sizes of change from baseline to month 12 in each sample

Results
• The speech-based composite showed significant longitudinal change 

over time (B =1.78, t = 4.09,  p < .001), which paralleled longitudinal 
trajectories of both the ADAS-Cog-11 and object content scores (Fig. 1).

• The magnitude of change from baseline to endpoint was similar for the 
composite (d = 0.37) and object content score (d = 0.46) but smaller 
than for the ADAS-Cog-11 (d = 0.81) (Fig. 2). 

• The composite score had moderate correlations with the ADAS-Cog-11 (r
= 0.48, p < .001) and object content score (r = -0.41, p < .001). 

• When compared to the original development study (composite score 
obtained from CDR interview speech), the current composite (from the 
Picture Description task) had a 50% smaller magnitude of longitudinal 
change (Fig. 2). 

• 5/9 component features had similar trajectories in both samples (Fig. 3).
• Adding the object content score to the composite led to greater change 

from baseline but this was comparable to the magnitude of change for 
the object content score alone (Fig. 2).

Background
• Natural language processing (NLP) and 

computational linguistics can help objectively 
quantify language impairment and provide novel 
measures of disease progression in AD. 

• We previously developed a novel speech-based 
composite score by analyzing patient verbal 
responses from an excerpt of the Clinical Dementia 
Rating (CDR) interview (mean audio duration of 3.5 
min). 

• This composite score was sensitive to longitudinal 
language change and significantly associated with 
clinical endpoints in a sample of AD participants [1].

• The current analysis examined the generalizability
of this composite to speech obtained from a brief 
Picture Description task in a separate sample of 
AD participants. 
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Figure 3: Component features mean change from baseline in each sample
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Conclusions
• Our previously published, novel speech composite score was 

broadly generalizable to a shorter, more structured speech task. 
• The composite remained sensitive to longitudinal change in 

early AD was and associated with clinical endpoints. 
• Analysis of individual components showed similar trajectories for 

5/9 features between datasets, highlighting the broader 
importance of these features for tracking progression in AD.

• Results further validate digital speech assessments as efficient, 
low-burden, and patient-relevant measures, which are sensitive 
to disease progression in AD.
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F IGURE 1 Longitudinal change in speech features. Mean change from baseline at each assessment for selected speech features with
significant linear change over the course of the study. Error bars represent 95% confidence intervals.

2.5 Data availability

Qualified researchers may request access to individual patient level

data through the clinical study data request platform (https://vivli.

org/). Further details on Roche’s criteria for eligible studies are avail-

able here: https://vivli.org/members/ourmembers/. For further details

onRoche’sGlobal Policy on theSharingofClinical Information andhow

to request access to related clinical study documents, see https://www.

roche.com/innovation/process/clinical-trials/data-sharing/.

3 RESULTS

3.1 Speech feature selection

The trajectory of individual speech features over time was examined

using linearmodels, selecting those that showedevidenceof consistent

longitudinal change over the duration of the trial for further analy-

sis. Nine speech features had effects of time significant at p < 0.001,

suggesting consistent and progressive change over the study period.

The trajectories of the selected nine speech features are shown

in Figure 1 and Table 2. Six of the features were linguistic features,

representing word length, word frequency, syntactic depth, use of

nouns, use of particles, and pronoun-to-noun ratio. Word frequency

was calculated by averaging the estimated frequency of each word

based on published norms,40 and syntactic depth was calculated by

averaging the number of levels in the syntactic tree representation

of each utterance. All of the trajectories are in the expected direc-

tions,with participants using shorter andmore frequentwords, simpler

sentence syntax, fewer nouns, and more particles and pronouns over

time. The threeother features represent acoustic aspects of the speech

sample derived from transformations of the power spectrum of the

recording. TheseMel-frequency Cepstral Coefficient (MFCC) features

correspond to the mean of the 11th MFCC coefficient (MFCC mean

11), the variance of the first derivative of the 11th MFCC coefficient

(MFCC var 25) and the variance of the first derivative of the 12th

MFCC coefficient (MFCC var 26).

As a validity check, intra-class correlations (ICC)were computed for

selected speech features based on the screening and baseline assess-

ments (up to 8-week interval per protocol), and the 17- and 18-month

sessions. The ICCestimates for thenine features showing linear change

over time ranged from 0.20 to 0.70 (Table 2). The MFCC variance fea-

tures had the highest andmost consistent ICC estimates (> 0.65 for all

comparisons) while the linguistic features had more variable ICC esti-

mates. The overall lower test-retest reliability of the linguistic features

is likely attributable to the open-ended, unstructured nature of the

speech task, with content varying across individuals and assessments.

To determine if selected features were measuring independently

changing aspects of speech and language, correlations were computed

between the selected speech features. Features had low to moderate

correlationswith one another (r=0.01–0.65),with the exceptionof the

twoMFCC variance features and the noun and pronoun-to-noun ratio

features, with both pairs having high correlations (r > 0.9). Since only

two pairs of features had high correlations, we determined that the

speech features were mostly independent from one another and were

largely measuring unique aspects of underlying speech and language

patterns.

3.2 Speech composite generation and validation

3.2.1 Composite score generation

The objective of this analysis was to create a novel composite score

combining the aspects of speech that changed over time in this study

cohort, aiming to maximize sensitivity to speech and language changes
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