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Abstract. The latent variable “3” (for “dementia”) has been proposed as a phenotype for all cause dementia. 3 is extracted
from cognitive batteries by a specific confirmatory factor analysis in a structural equation modeling framework. & appears to
be uniquely responsible for cognition’s association with functional status. Because it is extracted from Spearman’s general
intelligence factor “g”, this has broad implications for dementia’s assessment and pathophysiology. This issue of the Journal of
Alzheimer’s Disease brings together several demonstrations of 8’s psychometric properties by investigative groups from three
continents. In their aggregate, they suggest that 3 homologs may have far ranging applications in dementia’s clinical assessment

and biomarker selection.
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In this issue of the Journal of Alzheimer’s Disease,
several articles addressing the latent variable “8” (for
“dementia”) are assembled. 8 is a latent variable, mean-
ing that it cannot be measured directly. Instead, & is
derived from a theory-driven confirmatory factor anal-
ysis in a structural equation model framework.

Our approach is conceptually simple. While cog-
nitive impairment is widely held to be the hallmark
of dementia, three conditions are necessary to that
diagnosis [1]: 1) There must be acquired cognitive
impairment(s); 2) There must the functional disability;
and 3) The disability must be related to the cognitive
impairment(s) that are observed.
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This implies that the essential features of any
dementia can be resolved to the cognitive correlates of
functional status. & embodies those correlates, making
them amenable to empirical description.

The use of latent variables for dementia assess-
ment has several potential advantages over observed
test scores. First, when compared to observed scores,
latent variables are relatively free of measurement
error, which has challenged the psychometric enter-
prise since its inception. The structural equation model
shows how it can be inaccurate to attribute observed
scores solely to the domain a test purports to measure.
Some variance in observed scores is always attributable
to measurement bias (e.g., educational, linguistic or
cultural).

Moreover, there is even more information buried in
observed cognitive performance. All cognitive mea-
sures are also informed by intelligence. This was first
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demonstrated by Spearman at the dawn of neuropsy-
chology [2]. Spearman actually invented factor analysis
to demonstrate his general intelligence factor, “g”.

However, Spearman labored long before the
advent of computing. Despite his demonstration of g,
clinicians have persisted in a domain-specific way of
thinking about dementia, i.e., as a disorder of mem-
ory, executive function, etc. [3]. & demonstrates that
memory tests measure more than memory, and that
only &’s fraction, which is a subset of g’s, is relevant to
Instrumental Activities of Daily Living, and therefore
to dementia. Where has g been in our recent think-
ing on dementia? Might g explain dementia’s “global”
effects, observed across multiple cognitive domains?
How would that finding constrain dementia’s biomark-
ers? These are the questions addressed in this issue.

d’s strong and specific association with clinical
dementia has been demonstrated repeatedly by receiver
operating curves and by its strong correlation with
dementia severity, as measured for example by the
Clinical Dementia Rating Scale (CDR) [4]) (e.g.,
[5-71). As a lucky happenstance, 8’s derivation from g
also ensures that it can be abstracted from almost any
psychometric battery, provided that it also includes a
measure of Instrumental Activities of Daily Living.
We have explored this claim down to item level-data
[8]. Thus, it appears that & might be constructed post
hoc from literally any existing dataset, or prospectively
from variables selected for other agendas (e.g., brevity,
cost, low administrative burden, or availability in trans-
lation). Because there are so many possible batteries
from which to construct 8, we refer to each specific
embodiment as a & “homolog.”

Furthermore, a latent variable’s factor weights can
be used to create a composite score by using them
to weight the observed indicator scores, and summing
those products. Thus, & can be output as a “d-score”.
While 8’s “reification” as a composite score potentially
introduces new biases, 1) these are not the familiar cul-
tural or linguistic biases that plague the cross-cultural
interpretation of observed measures, and 2) the com-
posites’ diagnostic accuracy remains impressive, as
evidenced by these and many prior analyses.

The strength of 8 is primarily the result of its unique
bifactor derivation, not its behavior as a latent variable,
per se. For the purposes of dementia case finding, the
entire variance of g’ is irrelevant, as is evidenced by its
poor receiver operating curve, and therefore constitutes
another form of “measurement error” from which all
8 homologs are immune.

The d-score provides a continuous measure of
dementia severity, a dementia phenotype. This phe-

notype can be interrogated for its biomarkers [9—11].
The current articles add new information on the psy-
chometric properties and biomarkers of 8. Three of the
analyses were recently presented as a symposium at the
43rd Annual Meeting of the International Neuropsy-
chological Society in Denver, Colorado. Previously,
Gavett et al. [7] demonstrated a strong correlation
between longitudinal changes in & and change in
the CDR, using the National Alzheimer’s Coordi-
nating Center (NACC)’s Uniform Dataset (UDS)
(n=26,606). Gavett et al. performed that analysis by
computing d-scores over serial assessments and using
those as “observed” indicators of a latent growth curve
(LGC).

However, there is more than one way to approach
this problem. Palmer & Royall [12] have replicated
Gavett’s findings by constructing & entirely from
latent indicators, themselves latent slope estimates
derived from LGCs of longitudinally observed cog-
nitive performance. This maximizes the latent variable
approach’s relative freedom from measurement error.
Incidentally, it also confirms Gavett et al.’s demon-
stration of &’s strong longitudinal association with the
CDR in a second and ethnically diverse cohort with
a different psychometric battery and functional status
measure.

Gavett et al. [13] extend their earlier work with & to
a consideration of its biomarkers. One caveat to 3 is
that it appears to be agnostic to dementia’s etiology.
In their earlier work, Gavett et al. showed that & can
achieve an area under the receiver operating curve of
0.96 for the discrimination between all cause demen-
tia versus normal controls + mild cognitive impairment
[7]. However, the NACC UDS contains many cases
of frontotemporal dementia, vascular dementia, and
Lewy body disease, in addition to Alzheimer’s disease
(AD). Thus, d-scores appear to address the dementing
aspect of a disease’s cognitive impairments, indepen-
dent of their etiology(ies).

This has important implications. First, 3 may allow
us todetect and thus redress the disabling (i.e., “dement-
ing”) aspects of any condition. The list may include
many non-neurodegenerative disorders. If they affect
d-scores, they are dementing too. Second, change in
d-scores will reflect clinically salient cognitive change,
by definition. Any improvement in cognitive perfor-
mance unrelated to & may be functionally trivial. This
has implications for the utility of clinical interventions
and the assessment of outcomes in clinical trials.

One potential disadvantage of this property is that
biomarkers of 8, although indicative of a dementing
process, might vary as a function of the sample under
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study. They can be interpreted as “AD” biomarkers
only if the sample is highly selected for that condi-
tion. In their current article, Gavett et al. limit their
analysis to autopsy-proven AD cases. Several AD-
related risk factors are shown to be associated with 9.
As might be expected, those associations are entirely
mediated by AD neuropathology in autopsy-proven AD
cases. However, although the &4 allelic burden is also
significantly related to ischemic pathology, that pathol-
ogy is not related to 8. This unexpected finding may
shed light on &’s (and therefore dementia’s) nature.
Where exactly would one place an ischemic lesion
such that it could affect performance on every cogni-
tive measure via Spearman’s intelligence factor g (or its
derivative 8)?

Alternatively, since & has been associated with the
default mode network (DMN) [14, 15], dementia may
necessarily require an insult of that network’s structure
or function [16, 17]. The latter findings undermine the
notion that dementia results from the aggregate burden
of neuropathology [18], and further suggest that so-
called “vascular dementia” may not be due to ischemic
lesions (at least outside of very specific strategic
locations).

Recent studies help reconcile these alternatives.
Crossley et al. have drawn attention to certain “rich
club” networks as targets of major mental illness [19].
These regions are highly connected, with each other,
and with less highly connected structures. Connectiv-
ity is a potential biomarker of g/3. The “rich club”
includes the DMN, but also the thalamus and basal
ganglia. Crossley et al. examined the connectivity of
regions affected by AD-related neuropathology. The
DMN may be AD’s most highly connected target.
The basal ganglia and thalamus are even more richly
endowed, which could explain their involvement as
a dementia defining vascular pathology. In contrast,
most of the neocortex is less highly connected. Thus,
connectivity of an affected structure might inform the
relative contribution of its pathology to the dementia
phenotype (i.e., 8), and reconcile &’s association with
the DMN (in an AD cohort) to g’s protean effects on
cognitive performance.

Finally, Koppara et al. [20] take advantage of &’s
“indifference to its indicators” to construct three
homologs in a German cohort, the Dementia Com-
petence Network, a well-characterized multicenter
memory-clinic cohort. The first was derived from
the item-set of the Consortium to Establish a Reg-
istry for Alzheimer’s Disease (CERAD) [21]. The
second was constructed from the item set of the
Alzheimer’s disease Assessment Scale-cognitive sub-

scale (ADAS-Cog) [22]. The third was constructed
from both measures.

Although the relevance of functional outcome
measures to dementia case-finding is increasingly
recognized [23], multi-scale composites are often
advocated as outcomes rather than latent variables.
This approach potentially compounds measurement
error instead of reducing it. In contrast, § is necessarily
“greater than the sum of its parts” [8, 24] and is actually
improved by the incorporation of additional indicators.
Koppara et al. demonstrate that & homologs are supe-
rior both to the scales from which they are derived and
to composites that combine them with functional status
measures [20].

Another finding to note in Koppara’s analysis is that
although & homologs were generally superior to the
CERAD, ADAS-cog, and Mini-Mental Status Exam
[25] 1) for the prediction of incident mild cognitive
impairment conversion, and 2) for the prediction of an
AD-specific cerebrospinal fluid biomarker panel, the
area under the receiver operating curves achieved were
far weaker than &’s discrimination between demented
and non-demented cases (e.g., 5, 7, 13). This reiterates
d’s claim to be a dementia phenotype, and exposes
how short AD-specific biomarkers fall from predict-
ing that condition. It is increasingly clear that AD
pathology can arise years if not decades before the
onset of dementia and that many affected persons never
reach that state. Biomarkers of 8, on the other hand,
will inherently reflect clinically salient processes and
could suggest opportunities for the prevention, stabi-
lization or reversal of dementing illness, regardless of
its cause(s).

Despite the promising findings in this issue, this
approach has several potential limitations that will
need to be addressed before it can be made use of clin-
ically. Chief among these is the problem of “factor
score indeterminacy” [26]. An essential limitation of
the common factor model is that an infinite number
of unique factor score composites can be derived from
any factor. While they all might be consistent with the
factor’s loadings, some composites may be orthogonal
to others, or even inversely related, potentially result-
ing in wildly discrepant subject rankings, depending
on the composite selected.

However, these can be divided into “determinant”
and “indeterminant” fractions [27]. Fortunately, many
common factor score estimates are highly intercor-
related and yield an identical reproduced covariance
matrix [28]. Several statistical methods are available to
test a factor’s determinacy. We have tested 8 in TARCC
[5] by Grice‘s “Refined Factor Score Evaluation
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Program (Equation 5)” [26], and found its determinacy
to be adequate (i.e., having a Total Item Squared
Multiple Correlation =0.84). This method maximizes
composite validity and is recommended when the
factor composite scores are to be used as “observed”
variables in subsequent analyses (e.g., as predictors).
However, factor determinacy may need to be tested for
each individual & homolog or ortholog before it can be
validated as a clinical phenotype.

There is also a potential for tautology in a &
homolog’s validation, especially when the severity or
diagnosis of dementia are rated with knowledge of
9’s indicators. However, several observations militate
against this. First, 8 is a latent variable, indirectly
related to observed performance. Raw test scores gen-
erally share <50% of their variance with 8. Therefore,
knowledge of observed test scores is not knowledge of
d. Second, g’ and the observed indicators themselves
are vulnerable to the same criticism, and yet 8 improves
upon the diagnostic accuracy of both. Third, d-scores
also predict biomarkers and future clinical outcomes
better than observed test scores (e.g., [20]). Neither
outcome is known to clinicians at the time indicators
of 8 are obtained. Finally, recent studies from Japan
confirm the validity of 8, even when its indicators are
obtained blind to the CDR [8, 24, 29].

d may also be constrained by the population(s) in
which its homologs are validated and/or applied. &
homologs are usually validated in convenience sam-
ples of well-characterized subjects. However, they
might also be developed in less well-characterized
population-based samples. In theory, cross-sample
differences in dementia’s prevalence or in the distri-
butions of &’s indicators might affect the psychometric
properties of the resulting composites. In practice, this
has not been a troublesome issue. In this issue of the
Journal of Alzheimer’s Disease, analyses involving at
least seven & homologs developed in four cohorts on
three continents, and in at least three languages are
included. All appear to exhibit similar psychometric
characteristics.

In short, dementia assessment by the latent vari-
able d offers many practical advantages over traditional
psychometrics. Moreover, 8 may be the principal psy-
chometric determinant of dementia status. That insight
would constrain our conceptualization of dementia to a
disturbance of general intelligence, as operationalized
by Spearman’s g. g seems to have been overlooked
as a potential determinant of dementia-related cogni-
tive decline, yet is compatible with dementia’s protean
cognitive-performance decrements. 8’s necessary con-
tribution would constrain dementia’s pathophysiology,

and might open new opportunities for the prevention,
diagnosis, and remediation of dementia.

ACKNOWLEDGMENTS

Dr. Royall has disclosed &’s invention to the
University of Texas Health Science Center at San
Antonio (UTHSCSA), which has filed patent appli-
cation 2012.039.US1.HSCS and provisional patents
61/603,226, 61/671,858 and 62/112,703 relating to the
latent variable &’s construction and biomarkers. He is
supported by the Julia and Van Buren Parr endowment
for Alzheimer’s-related research.

The author’s disclosure is available online (http://j-
alz.com/manuscript-disclosures/15-0249r3).

REFERENCES

[1] Royall DR, Lauterbach EC, Kaufer DI, Malloy P, Coburn KL,
Black KJ (2007) The cognitive correlates of functional status:
A review from the committee on research of the american
neuropsychiatric association. J Neuropsychiatr Clin Neurosci
19, 249-265.

[2] Spearman C (1904) General intelligence, objectively deter-
mined and measured. Am J Psychol 15, 201-293.

[3] American Psychiatric Association. (2013) Diagnostic and
Statistical Manual of Mental Disorders (Fifth ed.). American
Psychiatric Publishing, Arlington, VA.

[4] Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL
(1982) A new clinical scale for the staging of dementia.
Br J Psychiatr 140, 566-572.

[S] Royall DR, Palmer RF, O’Bryant SE (2012) Validation
of a latent variable representing the dementing process.
J Alzheimers Dis 30, 639-649.

[6] Royall DR, Palmer RF (2013) Validation of a latent con-
struct for dementia case-finding in Mexican-Americans.
J Alzheimers Dis 37, 89-97.

[71 Gavett BE, Vudy V, Jeffrey M, John SE, Gurnani AS, Adams
JW (2015) The & latent dementia phenotype in the uniform
data set: Cross-validation and extension. Neuropsychology 29,
344-352.

[8] Royall DR, Palmer RF, Matsuoka T, Kato Y, Taniguchi S,
Ogawa M, Fujimoto H, Okamura A, Shibata K, Nakamura
K, Nakaaki S, Koumi H, Mimura M, Fukui K, Narumoto J
(2016) Greater than the sum of its parts: & can be constructed
from item-level data. J Alzheimers Dis 49, 571-579.

[9] Royall DR, Palmer RF (2015) Ethnicity moderates dementia’s
biomarkers. J Alzheimers Dis 43, 275-287.

[10] Bishnoi R, Palmer RF, Royall DR (2015) Vitamin D bind-
ing protein as a serum biomarker of Alzheimer’s disease.
J Alzheimers Dis 43, 37-45.

[11] Bishnoi R, Palmer RF, Royall DR (2015) IL-15 as a serum
biomarker of Alzheimer disease. PLoS One 10, e0117282.

[12] Palmer RF, Royall DR (2016) Future dementia status is almost
entirely explained by the latent variable d’s intercept and
slope. J Alzheimers Dis 49, 521-529.

[13] Gavett BE, John SE, Gurnani AS, Bussell CA, Saurman JL
(2016) The role of Alzheimer’s and cerebrovascular pathology
in mediating the effects of age, race, and apolipoprotein E


http://j-alz.com/manuscript-disclosures/15-0249r3
http://j-alz.com/manuscript-disclosures/15-0249r3

[14]

[15]

[16]

[17]

[18]

[19]

[20]

D.R. Royall / The Assessment of Dementia by the Latent Variable “5” 519

genotype on dementia severity in pathologically confirmed
Alzheimer’s disease. J Alzheimers Dis 49, 531-545.

Royall DR, Palmer RF, Vidoni ED, Honea RA, Burns JM
(2012) The default mode network and related right hemi-
sphere structures may be the key substrates of dementia.
J Alzheimers Dis 32, 467-478.

Royall DR, Palmer RF, Vidoni ED, Honea RA (2013)
The default mode network may be the key substrate of
depression related cognitive changes. J Alzheimers Dis 34,
547-559.

Royall DR, Palmer R, Mulroy A, Polk MJ, Roméan GC, David
J-P, Delacourte A (2002) Pathological determinants of clinical
dementia in Alzheimer’s disease. Exp Aging Res 28, 43-162.
Zekry D, Duyckaerts C, Belmin J, Geoffre C, Herrmann F,
Moulias R, Hauw JJ (2003) The vascular lesions in vascular
and mixed dementia. The weight of functional neuroanatomy.
Neurobiol Aging 24, 213-219.

Royall DR. (2007) Location, location, location! Neurobiol
Aging 28, 1481-1482.

Crossley NA, Mechelli A, Scott J, Carletti F, Fox PT, McGuire
P, Bullmore ET (2014) The hubs of the human connectome
are generally implicated in the anatomy of brain disorders.
Brain 137, 2382-2395.

Koppara A, Wolfsgruber S, Kleineidam L, Schmidtke K,
Frolich L, Kurz A, Schulz S, Hampel H, Heuser I, Peters
0, Reischies FM, Jahn H, Luckhaus C, Hull M, Gertz H-J,
Schroder J, Pantel J, Rienhoff O, Riither E, Henn F, Wiltfang
J, Maier W, Jessen F, Kornhuber J, Wagner M (2016) The
latent dementia phenotype 3 is associated with cerebrospinal
fluid biomarkers of Alzheimer’s disease and predicts conver-
sion to dementia in subjects with mild cognitive impairment.
J Alzheimers Dis 49, 547-560.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G,
Fillenbaum G, Mellits ED, Clark C (1989) The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD). Part
I. Clinical and neuropsychological assessment of Alzheimer’s
disease. Neurology 39, 1159-1165.

Rosen WG, Mohs RC, Davis KL (1984) A new rating scale
for Alzheimer’s disease. Am J Psychiatr 141, 1356-1364.
Desai AK, Grossberg GT, Sheth DN (2004) Activities of daily
living in patients with dementia: Clinical relevance, methods
of assessment and effects of treatment. CNS Drugs 18, 853-
875.

Royall DR, Matsuoka T, Palmer RF, Kato Y, Taniguchi S,
Ogawa M, Fujimoto H, Okamura A, Shibata K, Nakamura K,
Nakaaki S, Koumi H, Mimura M, Fukui K, Narumoto J (2015)
Greater than the sum of its parts: 8 improves upon a battery’s
diagnostic performance. Neuropsychology 29, 683-692.
Folstein MF, Folstein SE, McHugh PR (1975) Mini-mental
state: A practical method for grading the cognitive state of
patients for the clinician. J Psychiatry Res 12, 189-198.
Grice JW (2001) Computing and evaluation factor scores.
Psychol Methods 6, 430-450.

Guttman L (1955) The determinancy of factor score matrices
with applications for five other problems of common factor
theory. Br J Stat Psychol 8, 65-82.

Beauducel A (2007) In spite of indeterminancy many common
factor score estimates yield an identical reproduced covari-
ance matrix. Psychometrika 72, 437-441.

Royall DR, Palmer RF, Matsuoka T, Kato Y, Taniguchi S,
Ogawa M, Fujimoto H, Okamura A, Shibata K, Nakamura
K, Nakaaki S, Koumi H, Mimura M, Fukui K, Narumoto J
(2016) & scores are exportable cross cultural and linguistic
boundaries. J Alzheimers Dis 49, 561-570.



