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Abstract

Background: Cognitive aging is a complex phenomenon,
which comprises various cognitive skills, broadly catego-
rized into fluid and crystallized intelligence. Crystallized in-
telligence (gc) tends to be maintained, as opposed to fluid
intelligence (gf), which tends to decline rapidly with age. The
association of the two with cognitive decline remains a mat-
ter of conjecture requiring further research. Aim: The aim of
the study was to identify the variables of gc and gf from a
population data of Longitudinal Aging Study in India-Diag-
nostic Assessment of Dementia (LASI-DAD) study and inves-
tigateits relationship with the onset of cognitive impairment
using discrepancy analysis against neuropsychological tests.
Methods: This analysis of data from LASI-DAD study was car-
ried out on a sample of 3,223 participants. They were as-
sessed on extensive thirteen cognitive tests and one subjec-
tive test of cognition. Standardized score was used for dis-
crepancy analysis. Fluid ability minus crystallized ability was
used to assess the cognitive impairment. Any statistical sig-

nificance with the score difference >0.99 SD was defined as
a presence of cognitive decline. Hindi Mental Status Exami-
nation (HMSE) and the Informant Questionnaire on Cogni-
tive Decline in the Elderly (IQCODE) were used as gold stan-
dard. Results: With increased discrepancy score, each cogni-
tive parameter score declined which was found to be
statistically significant. In HMSE (Normal = 25.81 + 3.39; Im-
paired =23.17 £ 3.54; p =<0.001), there was a drop of 2 point
scores in identifying cognitive impairment in the population
sample as per the gold standard. A similar trend was evident
in other neurocognitive domains as well. Conclusion: Crys-
tallized-fluid intelligence discrepancy analysis has a strong
potential in predicting the onset of cognitive decline ahead
of time, facilitating early intervention.
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Introduction

Aging of the population is a significant demographic
trend of twenty-first century that is affecting high as well
as low- and middle-income countries [1]. A key element
of aging is decline of cognitive function [2].
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Cognitive aging, a complex phenomenon, involves sev-
eral specific cognitive domains including attention, memo-
ry, executive functions, language, and visuospatial abilities
[3]. Cognitive performance follows a bell-shaped profile
over the lifespan [4]. Each of these domains has measurable
decline with age in later life [3]. Two main types of cognitive
skills: fluid intelligence and crystallized intelligence have
been described in published literature [5, 6]. The former is
concerned with abstract thinking and logical concept which
appears to be chiefly susceptible to aging [7]. On the other
hand, culturally acquired rules, factual knowledge comprise
crystallized intelligence which tends to remain stable in the
normal aging process [7, 8].

Growing old is associated with diminished peripheral
sensory functions and central nervous system which leads
to decline in overall intellectual aptitude [9]. Existing lit-
erature offers several possible mechanisms for the age-
related decline in fluid intelligence [10]. The most accept-
ed evidence suggests that age-related atrophic changes
take place prominently in frontal brain structures which
undermine the functioning of executive abilities, thereby,
resulting in gradual decline of fluid intelligence [11].

Further, in light of dementia, it is well known that pa-
tients with Alzheimer’s disease (AD) tend to show more
decline in fluid ability than crystallized ability; such de-
cline is predictive of AD progression rate [12]. This is
supported by a recent mendelian randomization study
wherein negative correlation between fluid intelligence
and high polygenic risk score for AD was also demon-
strated [13]. Such evidence suggests that the underlying
pathological process of dementia has already taken place,
even before the clinical diagnosis is made [14]. A couple
of research studies show that cognitive assessment can
provide adequate information about the dementia prog-
nosis [15, 16]. Only a few have investigated prediction
over a longer period, wherein cognitive test results have
indicated cognitive impairment, even before the disease
is clinically manifested [13]. From the cognitive perspec-
tive, it has been recently suggested that fluid intelligence
decline with increasing age can be a plausible early pre-
dictor of future cognitive impairment or dementia, even
before manifestations of forgetfulness [16]. Thus, cogni-
tive testing plays a very crucial role. In spite of these sub-
stantial literatures about the fluid intelligence and aging,
the link among them has not yet been established.

The rationale of the present study was to identify the
variables of fluid and crystallized intelligence from a pop-
ulation data of Longitudinal Aging Study in India-Diag-
nostic Assessment of Dementia (LASI-DAD) study and
investigate its relationship with aging. Consistent with
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this idea, we investigated discrepancy analysis (crystal-
lized intelligence minus fluid intelligence) using widely
acceptable neuropsychological tests. This may help to dis-
tinguish normal from pathological aging. It is hypothe-
sized thatlarger discrepancy score in healthy adults would
be associated with preclinical cognitive decline as evi-
denced by Hindi Mental State Examination (HMSE) [17]
and Informant Questionnaire on Cognitive Decline in
the Elderly (IQCODE) [18]. This study may help to pre-
dict the onset of cognitive decline a priori and planning
the early intervention.

Methodology

Data from LASI-DAD were included in the analysis. It is an
extensive study with detailed cognitive assessment, based on Har-
monized Cognitive Assessment Protocol (HCAP) [19]. It includes
a subsample of 3,300 adults aged 60 years and older in 14 States of
India. The data are validated for the illiterate populations as well.
Further, it has rich data on risk factors of cognitive decline and
dementia which help to understand the determinants of cognitive
impairment and dementia [20].

Participants

Three thousand two hundred twenty-four participants com-
pleted a full set of cognitive tests. There were 77 participants whose
data were either missing as per the LASI-DAD protocol or were
inconsistent with the selected tests for the present study.

Variables

Eight cognitive tests were categorized into two domains, fluid
intelligence and crystallized intelligence following three-stratum
theory of cognitive abilities [21, 22]. For assessing fluid intelli-
gence, we used Raven’s Progressive Matrices, Symbol Cancellation
test, Go-No-Go test, and Hand Sequencing Test. While for crystal-
lized intelligence, Community Screening Interview for Dementia
(CSI-D), Retrieval fluency test, Health and Retirement Study-Tele-
phone Interview for Cognitive Status (HRS-TICS), and Token test
were conducted. The informant interview scale was also used to
capture the cognitive and memory functioning of the participants.
The details of each test are elaborated in LASI-DAD protocol [20].
Hindi Mental State Examination (HMSE) and Informant Ques-
tionnaire on Cognitive Decline in the Elderly (IQCODE) were
used as the standard parameter for classifying cognitive decline
objectively and subjectively, respectively.

Statistical Analysis
All statistical analyses were performed using strata 14 and are

presented in mean (SD) and frequency (%). For deriving measures
of fluid and crystallized intelligence, correlation analysis was con-
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Table 1. Correlation among fluid and

crystallized intelligence variables (n = Fluid intelligence Ravep’s Progressive Symbol . Go-No-Go
3,223) Matrices Cancellation test
Raven’s Progressive Matrices - - -
Symbol Cancellation 0.49** - -
Go-No-Go test 0.48** 0.55** -
Hand Sequencing Test 0.39*%* 0.41** 0.37**
Crystallized intelligence CSI-D HRS-TICS Token test
CSI-D - - -
HRS-TICS 0.471** - -
Token test 0.36** 0.47** -
Retrieval Fluency 0.26** 0.31** 0.33**

** All values were significant with p < 0.001.

ducted. Eight cognitive measures were z-transformed and then en-
tered into a factor analysis using principal component extraction
method following varimax rotation. For determining the number
of factors, the criteria of eigenvalues and scree plot were used. Sam-
pling adequacy was confirmed using Kaiser-Meyer Olkin and
Bartlett’s test of sphericity. For deriving a “pure normal” sample, a
standard cut off with no literacy bias was followed wherein HMSE
score >17 and IQCODE score <3.35 were taken as inclusion crite-
ria. A sample of 1,621 was retained as pure normal and yielded 5
true measures (3 measures of fluid intelligence and 2 measures for
crystallized intelligence) as the best fit for the overall dataset.

For calculating discrepancy score (z score fluid minus z score
crystallized), we used the results from factor analyses. Further, the
association of discrepancy scores was analyzed with specific neu-
ropsychological tests using the Pearson coefficient. The continu-
ous variables were compared between the groups by independent
t test or Mann-Whitney as appropriate. Further, the categorical
variables were compared by x* A p value less than 0.05 was con-
sidered as statistically significant.

Results

To observe the interrelationships among fluid and
crystallized variables, Pearson’s bivariate correlation
analysis was performed (shown in Table 1). For fluid in-
telligence, Raven’s Progressive Matrices were significant-
ly correlated with Symbol Cancellation test (r = 0.49), Go-
No-Go test (r = 0.48), and Hand Sequencing Test (r =
0.39). Similarly, for crystallized intelligence variables,
CSI-D was significantly correlated with Health and Re-
tirement Study-Telephone Interview for Cognitive Status
(HRS-TICS) (r=10.41), Token test (r = 0.36), and Retriev-
al fluency test (r = 0.26). Further, all these variables were
found to be positively correlated with education and neg-
atively correlated with increasing age (shown in Fig. 1).

Fluid and Crystallized Intelligence
Discrepancy Analysis

While with IQCODE, significant negative correlation
was evident as hypothesized as per the LASI-DAD proto-
col (shown in Table 2).

In factor analysis, sampling adequacy was confirmed
using Kaiser-Meyer Olkin value, which was 0.84 and
Bartlett’s test of sphericity was also found to be significant
(p = 0.001). For the first factor, i.e., fluid ability, the zero
order factor loadings (structure coefficients) were largest
for Symbol Cancellation (0.84) followed by Raven’s Pro-
gressive Matrices (0.72) and Go-No-Go test (0.70). For
the second factor, i.e., crystallized ability, the factor load-
ing in order of the magnitude was CSI-D (0.94) and TICS
(0.55). For discrepancy score, we subtracted the fluid
score from the crystallized score for each participant. In-
creasingly, values more than 0.99 SD represented an in-
creasingly greater discrepancy in ability.

As evident in Tables 3 and 4, females outnumbered
males in both the groups. The sample was drawn from 14
States of India which were categorized into 6 geographic
regions. North and south region of India comprised max-
imum draw of sample for the study in both the popula-
tion. In the total sample, there was no significant differ-
ence in educational criteria. However, in the derived pop-
ulation of pure normal, there was an evidence of significant
statistical difference, which depicts that education has a
crucial role in ruling in cognitive impairment.

Further, with increased discrepancy score, each cogni-
tive parameter score declined which were found to be
clinically and statistically significant. In HMSE (Normal
= 25.81 * 3.39; Impaired = 23.17 + 3.54), there is a drop
of 2 point scores in identifying cognitive impairment in
the population sample. Similar finding was seen in lan-
guage (Retrieval fluency-Normal = 13.17 £ 4.87; Impaired
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Table 2. Correlation across fluid ]
intelligence and crystallized intelligence Age Years of education  IQCODE
variables with age, education, and IQCODE
(n=3,223) of . .
Raven’s Progressive Matrices -0.16** 0.43** —0.34**
Symbol Cancellation test —0.271** 0.57** —0.32%*
Go-No-Go test —0.16** 0.48** —0.37**
Hand Sequencing Test —0.18** 0.26** —0.271**
gc
CSID —0.12%* 0.24** —0.47**
TICS —0.13** 0.42** —0.371**
Token test —0.14** 0.49** —0.37**
Retrieval Fluency —0.16** 0.32** —0.31**
** All values were significant with p < 0.001. df, fluid intelligence; gc, crystallized
intelligence.

= 11.04 + 3.87) and in executive functions (clock draw-
ing-Normal = 0.48 + 1.14; Impaired = —0.41 £ 0.74), con-
structional praxis (Normal = 2.69 + 2.95; Impaired = 0.76
+ 1.94). Further, in subdomains of memory - story mem-
ory-immediate recall (Normal = 4.79 + 2.91; Impaired =
3.86 * 3.01); story memory-delayed (Normal = 7.79 +
4.67; Impaired = 6.11 + 4.53); story memory-interference
(Normal = 3.33 + 3.84; Impaired = 1.50 + 3.29); story
memory-delayed recognition (Normal = 5.17 £ 5.79; Im-
paired = 2.46 + 4.75), there was significant difference be-
tween the normal and impaired group (shown in Fig. 2a,
b) with an average difference of 1.78 score point.
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Discussion

Over the last few years, the aging research has expand-
ed on the relationship between cognition and aging [23].
The emerging theme in this area has been the emphasis
on the fluid (gf) and crystallized intelligence (gc) which
have proven especially insightful regarding developmen-
tal changes in intelligence throughout the lifespan [24].
According to the long-standing age differentiation hy-
pothesis [25, 26], the relations between cognitive func-
tions change with age. The gf tends to decline, while the
gc stays stable as a person grows older [27]. However, the
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Table 3. Categorization of total sample (n = 3,223) as normal and controls on discrepancy analysis

Variable Full sample, Discrepancy score Discrepancy score p value
(N =3,223) <0.99 SD (N = 2,56)1 >0.99 SD (N = 662)
(normal) (impaired)

Age, years 69.82+7.73 69.56+7.61 70.82+8.10 0.002
Gender, %

Males 46.12 48.07 38.67

Females 53.88 51.93 6133 <0.001
Education, years 4.03+4.73 4.22+4.79 3.37+4.44 0.003
State, %

North 30.00 27.37 40.18

North-East 6.21 5.62 8.46

East 17.06 17.61 14.95

West 9.31 1078 3.63 <0.001

Central 3.10 3.55 1.36

South 34.32 35.06 3142
HMSE 22.82+5.51 23.33+£5.57 20.84+4.82 <0.001
IQCODE 3.45+£0.56 3.42+0.55 3.56+0.59 <0.001
Clock drawing 0.06+1.07 0.20%1.10 -0.46+0.68 <0.001
Constructional praxis 1.65+2.71 1.95+2.82 0.49+1.87 <0.001
Retrieval fluency 11.50+4.91 11.84+5.09 10.18+3.88 <0.001

All values were significant with p < 0.001.
Table 4. Derived pure normal on discrepancy analysis (n = 1,621)
Variable Full sample, Discrepancy score Discrepancy score p value

N=1,621 <0.99 SD, >0.99 SD,
N=1,362 N =259

Age, years 68.21+6.45 68.13+£6.40 68.61+6.72 <0.001
Gender, %

Males 50.59 52.72 39.38 <0.001
Females 49.41 47.28 60.62 ’
Education, years 4.57+4.97 4.70+5.00 3.90+4.72 <0.001

State, %

North 32.63 31.79 37.07

North-East 4.69 4.11 7.72

East 11.66 11.67 11.58

West 8.82 10.06 2.32

Central 2.10 2.06 2.32

South 40.10 40.31 39.00
HMSE 25.39+3.55 25.81+£3.39 23.1743.54 <0.001
IQCODE 3.05+0.24 3.04+0.23 3.05+£0.25 <0.001
Clock drawing 0.33+1.13 0.48+1.14 -0.41+£0.74 <0.001
Constructional praxis 2.38+£2.90 2.69+2.95 0.76+£1.94 <0.001
Retrieval fluency 12.83+4.79 13.17+4.87 11.04+3.87 <0.001

All values were significant with p < 0.001.

Fluid and Crystallized Intelligence
Discrepancy Analysis
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correlation among them is considerably less known with
preclinical dementia [28]. Contemporary approach in
identifying preclinical dementia relies on radiological
biomarkers that are costly, often invasive, and are not ac-
cessible by all members of a given community [29]. One
way to mitigate this issue is to investigate a cognitive
marker that can predict future cognitive impairment [30].
This study focuses on exclusive approach of fluid-crystal-
lized intelligence discrepancy analysis which has a poten-
tial to precisely predict preclinical dementia and funda-
mentally challenges the criteria on the basis of which we
consider individuals to be cognitively healthy.

Fluid ability relies on working memory and abstract
reasoning. These tests often are intentionally developed
in such a way that the prior knowledge or learned skills
are at minimal use [31, 32]. Conversely, crystallized abil-
ity encompasses vocabulary, analogies, and general
knowledge which are learned through experience and ed-
ucation [31]. Since these two abilities are highly corre-
lated with one another across the lifespan, it is expected
that with higher crystallized ability, the fluid ability should
also be higher [33, 34]. Due to aging, the difference be-
tween the two widens up (in the direction of crystallized
> fluid) which tend to reflect abnormal cognitive decline.

This is further supported by a Network Neuroscience
Theory which states that fluid intelligence exhibits great-
er variability than crystallized ability with advancing age
and across generations [35]. Age-related decline in fluid
ability is due to alterations in the neuronal resilience
whereas generational change has a beneficial effect on flu-
id intelligence owing to better dietary intake, educational
achievements, and other lifestyle factors which tend to
enhance network flexibility [36]. This trend was evident
in our present study wherein (Table 1) gf and gc ability
was found to be highly correlated. However, with increas-
ing age with mean age of 69.82 + 7.7 years, the gf declined
more than gc (shown in Fig. 1). Conversely, with educa-
tion years, gc was more maintained than gf (shown in
Table 2). Our study followed “classic intellectual aging
pattern” [37]-lower functioning on performance tests,
than on verbal scales (shown in Table 2).

The major finding of the present study is the implica-
tion of the discrepancy score (gc-gf) in relation to cogni-
tive decline. Such discrepancy analysis is a precise meth-
od of predicting mild cognitive impairment before it is
clinically manifested in a more comprehensive and objec-
tive manner. In routine clinical practice, HMSE is widely
used to detect cognitive impairment. The standard cut oft
of <24 is considered as presence of any cognitive impair-
ment. A similar trend was evident in our study as well
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(shown in Table 3). However, with the use of the present
discrepancy analysis, a 2 point of difference was evident
in both groups (normal = 25.81 + 3.39 vs. impaired =
23.17 £ 3.54) and (normal = 23.33 + 5.57 vs. impaired =
20.84 + 4.82), respectively (shown in Tables 3, 4). This
shows that as a widely used gold standard test, it empha-
sizes on correct number of answers given and then com-
pares the person’s performance with the range of the
healthy population. However, these tests do not consider
age or intellectual ability which actually has implication
in predicting cognitive decline early. Further, when other
neuropsychological tests assessing memory (shown in
Fig. 2a, b), language, visuospatial ability, and executive
functions were administered individually, similar results
were obtained. A 2-3 point of difference was evident in
those cognitive tests as well (shown in Tables 3, 4). Such
findings are supported by a recent biological marker
study which demonstrated positive correlation between
intelligence discrepancy score with global Ap deposition
and cortical thickness in AD-vulnerable regions in cogni-
tively normal population [12]. It has also been stated that
in healthy older adults greater intelligence discrepancy is
associated with reduced functional abilities, due to phys-
ical and social engagement [38]. Altogether, these find-
ings indicate the preclinical dementia may be associated
with increased age-related decline in fluid intelligence,
but due to scarcity of such studies, the undetected pre-
clinical dementia could have biased previous normal ag-
ing studies [28, 39].

In conclusion, crystallized-fluid intelligence discrep-
ancy analysis has a strong potential in predicting the on-
set of cognitive decline. It provides a roadmap to predict
the latent cognitive decline in older populations ahead of
time, who may not be clinically manifesting symptoms of
cognitive decline at the start of follow-up, since such anal-
ysis considers peak level of intellectual aptitude of an in-
dividual; hence, it can possibly become a potential predic-
tor of a cognitive marker in dementia research. The cur-
rent study supplemented the existing substantial aging
research. Nevertheless, the association between neuro-
cognitive functions and neuropathological progression in
dementia research is yet to be studied with more empiri-
cal approach.
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Fig. 2. Trend of discrepancy scores in memory domain in total population group (a) and derived pure normal
sample (b) on discrepancy analysis.
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