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Abstract: (1) Cognitive decline differs among individuals and cognition function domains. We sought
to identify distinct groups of immediate and delayed verbal memory in two age subsamples
(50-64, 65+ years), and to analyze associated factors. (2) Latent class mixed models were used to
identify verbal memory trajectories in a sample of Spanish community-dwelling individuals over
8 years’ follow up. Chi-square and Kruskal-Wallis tests were used to assess differences among
trajectories. (3) Different trajectories were identified. In the case of immediate verbal memory,
these were: very low/decline (6.3%), low/stable (38.2%), medium/slow decline (43.4%), and high/slow
decline (12.2%) in the middle-aged group, and low/decline (20.4%), medium/slow decline (60.4%),
and high/slow decline (19.2%) in the older subsample. In delayed verbal memory, more distinct
patterns were found: very low/decline (12.4%), low/stable (51.4%), medium/accelerated decline (24.7%),
and high/slow increase (11.4%) in the younger group, and low/slow decline (34.4%), medium/decline
(52.7%), and high/slow decline (12.9%) in the older group. (4) Overall, low initial performance and
decline were associated with older age, lower education, and higher diabetes/stroke prevalence.
Differences found suggests heterogeneity in cognitive ageing. The high prevalence of cardiovascular
diseases in those with worse cognition suggests that early interventions to prevent those conditions
should be targeted in midlife to delay cognitive decline.

Keywords: cognition; cognitive functions; cognitive aging; memory; epidemiology

1. Introduction

By 2050, the world’s population aged 60 years and older is expected to almost double, from 12.7%
in 2017 to 21.3% [1]. Europe is projected to remain the most aged region, with 34% of the population
aged 60+ [1]. Along with this rapid increase, [2], there is huge burden placed on older individuals,

Brain Sci. 2020, 10, 249; doi:10.3390/brainsci10040249 www.mdpi.com/journal/brainsci


http://www.mdpi.com/journal/brainsci
http://www.mdpi.com
https://orcid.org/0000-0003-0012-2094
https://orcid.org/0000-0002-9256-4828
https://orcid.org/0000-0003-3252-854X
https://orcid.org/0000-0003-0459-657X
https://orcid.org/0000-0003-0309-181X
https://orcid.org/0000-0003-2046-3929
http://dx.doi.org/10.3390/brainsci10040249
http://www.mdpi.com/journal/brainsci
https://www.mdpi.com/2076-3425/10/4/249?type=check_update&version=3

Brain Sci. 2020, 10, 249 2 of 20

their families, and society in general [3]. Cognitive function, however, is expected to decline along with
normal aging [4], but the rate by which cognition declines seems to be distinct across individuals [5].
Understanding these age-related changes in cognition and their determinants is important because
an optimal cognitive function in older adults can help maintain functional their independence and
effective communication with others [6,7].

Longitudinal studies have shown that around the age of 60, cognition is more likely to begin to
decline [8], although there seems to exist important heterogeneity in the rate of decline. The use of latent
class analysis techniques to classify older adults according to their trajectories of cognition over time
has overall revealed the presence of at least three [9,10], if not four [11-13] groups. Despite the fact that
the differences between studies might be explained by distinct methodologies (i.e., sampling methods,
outcomes, covariates), some commonalities can be found. First, the majority of the individuals
maintain a stable trajectory or a slow decline, whereas a small part of them could be classified as
rapid decliners [9,11,12]. Second, those with low baseline cognition scores are more likely to decline
faster [10-12]. Third, those groups with better initial performance on cognition are composed mainly
of younger individuals with higher education levels [10-12].

There is a suggestion that different cognition domains decline differently [13,14].
Crystallized intelligence, composed of verbal abilities, general knowledge, and number skills, is more likely
to remain or gradually improve with age, whereas fluid intelligence, made up of other cognitive abilities
such as memory, executive function, and processing speed, is more prone to decline with age [13-15].
Previous studies on verbal memory trajectories [11,12] have typically combined immediate and delayed
verbal memory measures into one dimension, in spite of there being measures of different cognitive
functions, short-term memory and long-term memory, respectively, according to the Shiffrin and Atkinson
model of human memory [16].

Furthermore, several predictors of cognitive decline have been studied, and some factors
have consistently been associated with faster decline of cognition. Medical conditions such as
diabetes, cardiovascular disease, chronic obstructive pulmonary disease (COPD), and stroke have
been shown to be associated with poorer cognitive performance [3,17]. Similarly, depression has
been widely recognized as a risk factor for cognitive impairment [3,13]. Smoking status or ever
having smoked have been associated with greater cognitive decline, as has physical inactivity,
suggesting that active individuals have better cognitive function than sedentary ones [18-20].
Nonetheless, some sociodemographic variables, like sex, socioeconomic status, and level of education,
have yielded inconsistent results [13,21].

Understanding cognitive decline related to age in middle-aged and older individuals and the
factors involved in that decline are crucial for early interventions, particularly in earlier ages when
preventive programs could be more effective in reversing or mitigating cognitive deterioration in
order to delay care dependency. The aims of the present study were to: (1) identify different verbal
memory trajectories in a community-dwelling sample of middle-aged (50-64) and older adults
(65+), (2) determine the associations between several variables, such as sociodemographics, lifestyles,
depression, and medical conditions in these trajectories.

2. Materials and Methods

2.1. Study Design and Data Collection

We analyzed data from “Edad con Salud”, a longitudinal survey of the Spanish general adult
population (aged 18+ years with oversampling of those aged 50+ years). The first wave was part of the
Collaborative Research on Ageing in Europe (COURAGE in Europe) study [22]. The baseline sample
was nationally representative since it was generated by multistage clustered sampling and strata
included all autonomous communities in Spain except Ceuta and Melilla. Data on households were
provided by the Spanish Statistical Office. This study was conducted in accordance with the Declaration
of Helsinki, and the study protocols for the baseline, wave one and two were approved by the Ethics
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Review Committee of Hospital Universitario La Princesa, Madrid (reference numbers PI-364, PI-2399,
and PI-2801), and the Ethics Review Committee of Fundacié Sant Joan de Déu (reference numbers
PIC-12-11 and PIC-129-17). Informed consent was obtained from all individuals. Face-to-face structured
interviews were conducted by trained lay interviewers at the respondents” homes.

Respondents unable to undertake the interview because of severe cognitive (MMSE score < 16 [23]
or family’s report of dementia diagnosis) or physical impairment were administered a shorter version
of the questionnaire to a proxy respondent.

A total of 4753 persons participated at baseline between 2011 and 2012, with a response rate (RR)
of 69.9%. The second wave (RR = 69.5%) took place between 2014 and 2015 and 2528 participants
(53.2%) completed the interview, whereas in the third assessment (RR = 73.0%), which was undertaken
in 2018, 1577 participants completed the interview. Figure 1 shows the study flowchart.

“Collaborative Research on
Ageing in Europe (COURAGE in

Qe Europe) study™
zZ
5 (\f 4,753 participants completed the
2 = interview
P -
259 died
---------- > 862 declined to participate
1 1103 other reasons
“Edad con Salud”
a 2,528 participants completed the
S interview
=N /
[
Z-
B3
N
185died
---------- > 381 declined to participate
1 385 other reasons
Lae} 133 33 \\\
E =2 Edad con Salud
=
< : -
=~ 1,577 participants completed the

interview

Figure 1. Flow-chart of the study population.

We used data from individuals who were aged 50 years or older at baseline. We included those
participants who took part in the three assessments and completed a non-proxy interview (n = 1237),
whereas those who had one or more missing values in immediate and/or delayed verbal recall in any
wave were excluded (n = 148), resulting in a final analytical sample of 1089 individuals.



Brain Sci. 2020, 10, 249 4 0of 20

2.2. Measures

To evaluate immediate and delayed verbal recall in the three waves, participants were asked to
recall a list of 10 words four times immediately and after a short delay, respectively (Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) [24]). A composite score was built as the sum of
the number of correct words (0-30) for immediate verbal memory. Delayed recall scores ranged from 0
to 10. In both cases, higher scores indicated better memory.

Respondents were asked about the presence of the following chronic conditions (CCs) in each
wave: diabetes, hypertension, asthma, COPD, arthritis, angina pectoris, stroke, and depression.
To assess these conditions, we used a combined method consisting of self-reported diagnosis in the
previous 12-months, and/or symptom-based algorithms based on the World Health Organization
Study on global AGEing and adult health WHO-SAGE protocol [25]. Depression was assessed with
an adapted version of the World Health Organization Composite International Diagnostic Interview
(CIDI) [26]. Presence or absence of these conditions was coded as yes/no. The number of conditions
was arrived at by adding up the occurrences of all the above-mentioned CCs at baseline.

Self-reported sociodemographic variables included sex, age, marital status (never married,
married or currently cohabiting, separated or divorced, and widowed), level of education (less than
primary education, primary education, secondary education, and tertiary education), quintiles of
household income (first quintile indicating lowest level), ever worked coded as yes/no, and living in a
rural or an urban area.

Physical activity level (low, moderate, or high) was based on the Global Physical Activity
Questionnaire version 2 (GPAQ v2) [27]. A 4-level tobacco consumption variable (never smoked,
daily smoker, not daily smoker, and not current smoker) and a 4-category alcohol intake variable
(lifetime abstainer, occasional drinker, infrequent heavy drinker, and frequent heavy drinker) were also
included as covariates.

The level of disability was assessed using the 12-item interviewer-administered version of the
World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) [28]. Participants were
asked to report the level of difficulty they had in doing various activities during the previous 30 days
using a five-point scale. The global score was obtained as the sum of the items and transformed into a
0 to 100 scale, with higher scores indicating greater disability.

Quality of life was measured with the WHOQOL-AGE, a version of the World Health Organization
Quality of Life instrument (WHOQOL) that was developed for the old-age population [29].

2.3. Statistical Analyses

All analyses were calculated separately for people aged 50-64 (1 = 633) and those aged 65+ (1 = 456)
years old at baseline, to explore differences between the two age groups and allow comparability with
previous studies on verbal memory trajectories. Models were run independently for immediate and
delayed verbal memory.

Latent class growth analysis (LCGA), or also called the group-based trajectory model (GBTM) [30],
were conducted on each age group using the Mplus version 7.4 software [31]. This method classifies
individuals into groupings with similar patterns, called latent classes. The time metric was years of the
study (0,3,6), and the outcome was immediate and delayed verbal memory assessed in waves 1-3.

The number of trajectories was determined by analyzing 2-5 group models without covariates.
Model selection to determine the optimal number of latent trajectories was performed according to
the adjusted Bayesian information criterion (aBIC), where the lowest value indicates better fit [32].
Average posterior probabilities above 70% also indicate optimal fit [33]. Entropy index values higher
than 0.80 indicate that the latent trajectories are highly discriminating [32]. Moreover, class sample
sizes were also taken into account since inadequate sample size can lead to convergence problems,
insufficient power to identify classes, and changing solutions [33]. Individuals were allocated to
clusters according to maximum a posteriori criterium (MAP).
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The Shapiro-Wilk test was used to assess the normality assumption and Levene’s test to assess
the equality of variances for a variable calculated for two or more groups. Categorical variables were
compared using the Chi-square test or Fisher’s exact test, and continuous variables were compared
using Kruskal-Wallis test to assess differences between latent classes. A two-sided p-value < 0.05 was
considered statistically significant. These analyses and the graph display tasks were carried out using
R Version 3.5.3 [34].

3. Results

3.1. Descriptive Analysis

Table 1 summarizes the baseline characteristics of each group subsample: 50-64 and 65+.
The average baseline age was 56.62 [IQR = 60.00, 53.00] in the middle-aged group and 73.01 [IQR = 77.00,
68.00] in the older group; the sample comprised slightly more women than men (52.0% and 54.6%,
respectively), and in the 65+ group, a higher proportion of participants had less than primary education
(46.5%). The most prevalent conditions were hypertension (34.3% and 49.1%) and arthritis (19.6% and
33.4%, respectively). Disability was higher in the older group (15.02 [IQR = 25.00, 0.00]) compared to
the younger (7.60 [IQR = 8.33, 0.00]). Middle-aged individuals showed higher scores on both measures
of verbal memory (17.36 [IQR = 21.00, 14.00]) and 5.35 [IQR = 7.00, 4.00], respectively) in contrast with
the 65+ subsample (13.41 [IQR = 16.00, 10.00] and 3.74 [IQR = 5.00, 2.00], respectively).

Table 1. Baseline characteristics of the sample by age category (1 = 1089).

Characteristics 50-64 (n = 633) 65+ (n = 456) p-Value !
Age, mean [IQR] 56.62 [60.00, 53.00] 73.01 [77.00, 68.00] <0.001
Women, 71 (%) 329 (52.0) 249 (54.6) 0.236
Marital status, n (%) <0.001
Never married 65 (10.3) 29 (6.4)
Married 453 (71.6) 268 (58.8)
Divorced 68 (10.7) 15 (3.3)
Widowed 47 (7.4) 144 (31.6)
Level of education, n (%) <0.001
Less than primary education 105 (16.6) 212 (46.5)
Primary education 198 (31.3) 136 (28.8)
Secondary education 225 (35.6) 76 (16.7)
Tertiary education 105 (16.6) 32 (7.0)
Ever worked, 1 (%) 587 (92.7) 365 (80.0) <0.001
Household income quintiles, 1 (%) <0.001
1st (lowest) 108 (17.1) 70 (15.4)
2nd 111 (17.5) 111 (24.3)
3rd 105 (16.6) 99 (21.7)
4th 112 (17.7) 100 (21.9)
5th (highest) 118 (18.6) 39 (8.6)
Urban, n (%) 543 (85.8) 390 (85.5) 0.399
No. diseases, mean [IQR] 0.95 [1.00, 0.00] 1.52[2.00, 1.00] <0.001
Diseases, 11 (%)
Diabetes 73 (11.5) 102 (22.4) <0.001
Hypertension 217 (34.3) 224 (49.1) <0.001
Asthma 38 (6.0) 47 (10.3) 0.002
COPD 35 (5.5) 57 (12.5) <0.001
Arthritis 124 (19.6) 153 (33.4) <0.001
Angina pectoris 27 (4.3) 41 (9.0) <0.001
Stroke 18 (2.8) 27 (6.0) <0.001
Depression 72 (11.4) 47 (10.3) 0.453
Tobacco, 1 (%) <0.001
Never smoked 273 (43.1) 280 (61.4)

Daily smoker 169 (26.7) 41 (9.0)
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Table 1. Cont.

Characteristics 50-64 (1 = 633) 65+ (n = 456) p-Value 1
Not daily smoker 14 (2.2) 6 (1.3)
Not current smoker 177 (28.0) 129 (28.3)
Alcohol, n (%) <0.001
Lifetime abstainers 168 (26.5) 158 (34.7)
Occasional drinkers 170 (26.9) 132 (29.0)
Infrequent heavy drinker 11 (1.7) 2(04)
Frequent heavy drinker 284 (44.9) 164 (36.0)
Physical activity level, n (%) <0.001
Low 199 (31.4) 134 (29.4)
Moderate 225 (35.6) 201 (44.1)
High 209 (33.0) 121 (26.5)
WHODAS, mean [IQR] 7.60 [8.33, 0.00] 15.02 [25.00, 0.00] <0.001
WHOQOL-Age, mean [IQR] 73.68 [83.10, 66.67] 72.54 [82.42, 64.15] <0.001
Immediate verbal memory, mean [IQR] 17.36 [21.00, 14.00] 13.41 [16.00, 10.00] <0.001
Delayed verbal memory, mean [IQR] 5.35[7.00, 4.00] 3.74 [5.00, 2.00] <0.001

Note. Household income was divided into 5 quintiles (the first indicating the lowest income). Marital status
‘married” category included ‘currently married or cohabiting’, and ‘divorced” included ‘divorced or separated’.
Abbreviations: IQR, interquartile range; COPD, chronic obstructive pulmonary disease. ! Based on Mann-Whitney
U tests for numerical variables and Chi-squared tests for categorical variables.

3.2. Verbal Memory Trajectories

Table 2 shows the aBIC and entropy values for immediate and delayed verbal memory with
two to five latent trajectory groups for both age subsamples. In the immediate verbal memory
models, the four-group solution was selected as the best-fit model in the younger subsample (50-64),
whereas in the 65+ subsample, the three-group solution was chosen. Similarly, in delayed verbal
memory, the four-group solution was selected for the 50-64 subsample and the three-group solution
for the 65+ subsample. Posterior probabilities were all above 0.70, indicating good fit.

Table 2. Model comparison of immediate and delayed verbal memory according to adjusted Bayesian
information criterion (aBIC) over individuals aged 50-64 and 65+.

Age Groups No. of Immediate Verbal Memory  Delayed Verbal Memory
Latent Classes aBIC Entropy aBIC Entropy

2 11125.778 0.676 8037.546 0.726

50-64 3 11008.528 0.706 7971.521 0.691

4 10999.151 0.688 7955.357 0.653

5 11002.767 0.681 7955.693 0.69

2 7722.539 0.646 5555.695 0.692

65+ 3 7680.159 0.654 5541.606 0.547

4 7674.616 0.698 5541.611 0.642

5 7673.520 0.712 5542.644 0.626

Note. Boldface indicates the final selected model. aBIC adjusted Bayesian information criterion.

Trajectory groups were identified and labelled according to their baseline status and decline in
verbal memory over the three waves (Figure 2). Note that these labels were merely descriptive and
did not imply clinical meaning. In the case of immediate verbal memory and the 50-64 subsample,
a small proportion (6.3%) was classified into the “very low/decline” group, which showed very low
scores at baseline and an evident decline rate. The second group (“low/stable”) was composed of
38.2% of the sample and presented low scores which remained stable over the waves. The third
(“mediumy/slow decline”) and fourth (“high/slow decline”) groups presented medium and good scores
and a slow decline pattern, with a proportion of 43.4% and 12.2% of the individuals in each group,
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respectively. In spite of the number of latent trajectories and their proportions, analogous groups were
found in the 65+ subsample, where 20.4% were classified into the “low/decline” group, 60.4% into the
“medium/slow decline” pattern, and 19.2% into the “high/slow decline” trajectory.

50-64 65+
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Figure 2. Trajectories of immediate and delayed verbal memory according to age. Note. The immediate
verbal memory score ranges from 0 to 30, and delayed verbal memory ranges from 0 to 10, with higher
scores indicating better performance. These trajectories were calculated using ‘time” as a time-varying
covariate. Immediate verbal memory 50-64: (1) Very low/decline, (2) Low/stable, (3) Medium/slow
decline, (4) High/slow decline; 65+: (1) Low/decline, (2) Medium/slow decline, (3) High/slow decline.
Delayed verbal memory 50-64: (1) Very low/decline, (2) Low/stable, (3) Medium/accelerated decline,
(4) High/slow increase; 65+: (1) Low/slow decline, (2) Medium/decline, (3) High/slow decline.
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Concerning delayed verbal memory trajectories, four patterns were identified in the middle-aged
subsample. A small proportion of participants (12.4%) were classified into the “very low/decline”
trajectory. Most of the sample (51.4%) was in the “low/stable” group, composed of individuals with
low scores at baseline with a slight increase in the second wave which reverted in the third assessment.
The greatest decline was found in the “medium/accelerated decline” pattern, composed of 24.7% of the
sample. Finally, 11.4% of the participants, classified into the “high/slow increase” group, showed a
slight rise in delayed verbal memory scores over the waves. In the case of the 65+ subsample, three
trajectories of decliners with different initial performance were found: “low/slow decline” (34.4%),
“medium/decline” (52.7%), and “high/slow decline” (12.9%).

3.3. Association between Verbal Memory Trajectories and Covariates

Tables 3 and 4 present the results of comparisons of demographic and clinical characteristics at
baseline in group membership for immediate verbal memory. Similar results were found for both age
subsamples. Those classified into “very low/decline” patterns showed higher age (50-64: 58.41 [IQR = 61.5,
55.5], p < 0.001; 65+: 76.10 [IQR = 79.3, 73.0], p < 0.001) and greater proportion of participants with less
than primary education (48.4%, p < 0.001; 67.8%, p < 0.001). In contrast, those participants classified
into both “high/slow decline” profiles had higher proportions of individuals with tertiary education
(53.4%, p < 0.001; 19.5%, p < 0.001, respectively), people who had worked (100.0%, p = 0.001; 92.7%,
p = 0.001), and those with a higher household income (36.9%, p < 0.001; 20.8%, p < 0.001).

Regarding their clinical profiles, the middle-aged “very low/decline” group had a greater number
of diseases (1.52 (SD = 1.23), p < 0.001) compared to the other profiles. Most notably, prevalence
of diabetes (22.6%, p < 0.001), arthritis (29.0%, p = 0.001), stroke (9.7%, p = 0.037), and depression
(25.8%, p = 0.002) were significantly higher in this group. In the case of the same profile in the
65+ subsample, only diabetes (32.2%, p = 0.007) and arthritis (44.8%, p = 0.031) prevalence reached
statistical significance, both being higher in the “very low/decline” pattern. These profiles also showed
greater disability (12.72 (SD = 19.12), p < 0.001; 24.10 (SD = 22.27), p < 0.001) and worse quality of life
(63.34 (SD =17.34), p < 0.001; 66.15 (SD = 13.66), p < 0.001) in both age groups.

Concerning lifestyles, those classified into “very low/decline” groups had greater proportions of
low physical activity level (48.4%, p = 0.001; 41.5%, p = 0.004), whereas those who had better performance
on cognition at baseline in both age groups showed higher levels of physical activity (53.4%, p = 0.001;
39.0%, p = 0.004). Tobacco and alcohol were significant only in the 65+ subsample. The participants
classified into “very low/decline” had a higher proportion of mever smoked’ participants
(73.6%, p = 0.013) as well as lifetime abstainers (23.2%, p = 0.023).

In the same way, Tables 5 and 6 display the results for delayed verbal memory. Comparable trends
and associations were found regarding age, level of education, household income, urbanity, disability,
quality of life, and physical activity. Nevertheless, some differences should be highlighted. The pattern
“high/slow increase” had a higher proportion of women (71.0%, p < 0.001) compared to the other
trajectory groups in the middle-aged subsample. In delayed verbal memory, marital status was
significant (p = 0.013) in the older subsample, where participants classified into “low/slow decline”
group had a widowed participants proportion of 40.6%. Only those participants classified into the
“very low/decline” pattern showed a higher prevalence of diabetes (20.6%, p = 0.037) and stroke
(8.8%, p = 0.010) compared to the other trajectories.
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Table 3. Comparison of sociodemographic and clinical characteristics between immediate verbal memory trajectories in the 50-64 subsample.

50-64
“Very Low/Decline” “Low/Stable” Mgi;rll;:{g}ow “High/Slow Decline” p-Value 1 Effect Size 2
(n =31, 6.3%) (n = 248, 38.2%) (n = 281, 43.4%) (n =73,12.2%)
Age 58.41 [61.5, 55.5] 57.85[61.0, 55.0] 55.75 [59.0, 52.0] 55.01 [57.0, 52.0] <0.001 0.07
Women, n (%) 13 (41.9) 118 (47.6) 152 (54.1) 46 (63.0) 0.064 0.10
Marital status, 1 (%) 0.104 0.09
Never married 5(16.1) 20 (8.1) 25 (9.0) 15 (20.6)
Married 20 (64.5) 186 (75.0) 203 (72.2) 44 (60.3)
Divorced 4(13.0) 20 (8.1) 36 (12.8) 8 (11.0)
Widowed 2(6.5) 22 (8.9) 17 (6.1) 6(8.2)
Level of education, 1 (%) <0.001 0.32
Less than primary education 15 (48.4) 67 (27.0) 22(7.8) 1(1.4)
Primary education 14 (45.2) 104 (41.9) 73 (26.0) 7 (9.6)
Secondary education 1(3.2) 60 (24.2) 138 (49.1) 26 (35.6)
Tertiary education 1(3.2) 17 (6.9) 48 (17.1) 39 (53.4)
Ever worked, n (%) 28 (90.3) 219 (88.3) 267 (95.0) 73 (100.0) 0.001 0.15
Household income quintiles, 1 (%) <0.001 0.17
1st (lowest) 3 (13.6) 38 (17.4) 51 (20.6) 16 (24.6)
2nd 6 (27.3) 55 (25.1) 36 (14.5) 14 (21.5)
3rd 6(27.3) 54 (24.7) 40 (16.1) 5(7.7)
4th 7 (31.8) 45 (20.6) 54 (21.8) 6(9.2)
5th (highest) 0(0.0) 27 (12.3) 67 (27.0) 24 (36.9)
Urban, n (%) 21 (67.7) 215 (86.7) 241 (85.8) 66 (90.4) 0.021 0.12
No. Diseases 1.52 (3.0, 1.5] 1.17 [3.0, 1.0] 0.76 [2.0, 1.0] 0.66 [2.0, 1.0] <0.001 0.04
Diseases, 11 (%)
Diabetes 7 (22.6) 41 (16.5) 18 (6.4) 7(9.6) <0.001 0.16
Hypertension 13 (43.3) 93 (38.8) 93 (33.7) 18 (25.0) 0.123 0.09
Asthma 2(6.5) 19 (7.7) 12 (4.3) 5(6.9) 0.422 0.06
COPD 3(9.7) 20 (8.1) 10 (3.6) 2(2.7) 0.064 0.10
Arthritis 9(29.0) 64 (25.8) 44 (15.6) 7 (9.6) 0.001 0.15
Angina pectoris 2(6.9) 12 (5.1) 10 (3.6) 3(4.2) 0.783 0.04
Stroke 3(9.7) 9 (3.6) 6(2.14) 0(0.0) 0.037 0.11
Depression 8 (25.8) 37 (14.9) 21 (7.5) 6(8.2) 0.002 0.15
Tobacco, 1 (%) 0.495 0.06
Never smoked 17 (54.8) 114 (46.0) 114 (40.6) 28 (38.4)
Daily smoker 7 (22.6) 62 (25.0) 80 (28.5) 20 (27.4)
Not daily smoker 1(3.2) 4 (1.6) 5(1.8) 4 (5.5)
Not current smoker 6 (19.4) 68 (27.4) 82 (29.2) 21 (28.8)
Alcohol, n (%) 0.165 0.17
Lifetime abstainer 8(25.8) 81(32.7) 63 (22.4) 16 (21.9)
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Table 3. Cont.

50-64
“Very Low/Decline” “Low/Stable” M;i;rll;:{g}ow “High/Slow Decline” p-Value 1 Effect Size 2
(n =31,6.3%) (n = 248, 38.2%) (n = 281, 43.4%) (n=73,12.2%)

Occasional drinker 9(29.0) 69 (27.8) 77 (27.4) 15 (20.6)

Infrequent heavy drinker 0(0.0) 5(2.0) 6(2.1) 0(0.0)

Frequent heavy drinker 14 (45.2) 93 (37.5) 135 (48.0) 42 (57.5)
Physical activity level, n (%) 0.001 0.13

Low 15 (48.4) 86 (34.7) 85 (30.3) 13 (17.8)

Moderate 10 (32.3) 85 (34.3) 109 (38.8) 21 (28.8)

High 6(19.4) 77 (31.0) 87 (31.0) 39 (53.4)
WHODAS 12.72 [18.0, 0.0] 9.84[13.8,0.0] 5.73[5.5,0.0] 5.02[2.7,0.0] <0.001 0.04
WHOQOL-Age 63.34 [74.2,50.7] 71.88 [80.0, 65.0] 75.00 [84.5, 67.7] 79.88 [90.2, 71.3] <0.001 0.04
Immediate verbal memory 10.68 [13.0, 8.5] 14.09 [17.0, 12.0] 18.95 [21.0, 17.0] 25.18 [27.0, 23.0] <0.001 0.54
Delayed verbal memory 2.94[4.0,1.5] 4.28[5.0,3.0] 5.91[7.0,5.0] 7.8819.0,7.0] <0.001 0.32
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Note. Values for continuous variables are mean and interquartile range [IQR]. WHODAS World Health Organization Disability Assessment Schedule 2.0, WHOQOL-Age World Health
Organization Quality of Life instrument. ! Based on Kruskal-Wallis tests for numerical variables and Chi-squared tests for categorical variables. > Based on 112> measured for Kruskal-Wallis

for numerical variables and Phi coefficient for Chi-squared tests for categorical variables

Table 4. Comparison of sociodemographic and clinical characteristics between immediate verbal memory trajectories in the 65+ subsample.

65+
“Low/Decline” “Medium/Slow Decline” “High/Slow Decline” ,
(n = 87, 20.4%) (n = 287, 60.4%) (i = 82,19.2%) p-Value ! Effect Size *
Age 76.10 [79.3, 73.0] 72.80[77.0, 68.0] 70.68 [73.0, 67.0] <0.001 0.08
Women, 1 (%) 54 (62.1) 154 (53.7) 41 (50.0) 0.251 0.08
Marital status, 1 (%) 0.202 0.11
Never married 6 (7.0) 17 (5.6) 7 (8.5)
Married 53 (61.0) 165 (57.5) 50 (61.0)
Divorced 1(1.2) 8 (2.8) 6(7.3)
Widowed 27 (31.0) 98 (34.2) 19 (23.2)
Level of education, 1 (%) <0.001 0.33
Less than primary education 59 (67.8) 140 (48.8) 13 (15.9)
Primary education 24 (27.6) 94 (32.2) 18 (22.0)
Secondary education 4 (4.6) 37 (12.9) 35 (42.7)
Tertiary education 0(0.0) 16 (5.6) 16 (19.5)
Ever worked, 7 (%) 61 (70.1) 228 (79.4) 76 (92.7) 0.001 0.17
Household income quintiles, 1 (%) <0.001 0.22




Brain Sci. 2020, 10, 249 11 of 20

Table 4. Cont.

65+
“Low/Decline” “Medium/Slow Decline” “High/Slow Decline” .
(n = 87,20.4%) (n = 287, 60.4%) (%; = 82,19.2%) p-Valuel  Effect Size?
1st (lowest) 7(9.3) 47 (17.6) 16 (20.8)
2nd 32 (42.7) 73 (27.3) 6(7.8)
3rd 20 (26.7) 65 (24.3) 14 (18.2)
4th 10 (13.3) 65 (24.3) 25 (32.5)
5th (highest) 6 (8.0) 17 (6.4) 16 (20.8)
Urban, n (%) 67 (77.0) 250 (87.1) 73 (89.0) 0.039 0.12
No. Diseases 1.64 [3.0, 2.0] 1.53 [3.0, 2.0] 1.35[3.0, 2.0] 0.430 0.14
Diseases, 11 (%)
Diabetes 28 (32.2) 64 (22.3) 10 (12.2) 0.007 0.15
Hypertension 38 (45.8) 143 (51.1) 43 (53.1) 0.609 0.05
Asthma 7 (8.1) 34 (11.9) 6(7.3) 0.366 0.07
COPD 11 (12.6) 35 (12.2) 11 (13.4) 0.956 0.01
Arthritis 39 (44.8) 92 (32.1) 22 (26.8) 0.031 0.12
Angina pectoris 10 (12.5) 24 (8.8) 7 (8.97) 0.605 0.05
Stroke 6 (6.9) 15(5.2) 6(7.3) 0.710 0.04
Depression 11 (12.6) 32 (11.1) 4(49) 0.187 0.09
Tobacco, 1 (%) 0.013 0.13
Never smoked 64 (73.6) 176 (61.3) 40 (48.8)
Daily smoker 3(3.5) 31 (10.8) 7 (8.5)
Not daily smoker 2(2.3) 3(1.1) 1(1.2)
Not current smoker 18 (20.7) 77 (26.8) 34 (41.5)
Alcohol, n (%) 0.023 0.14
Lifetime abstainer 43 (49.4) 96 (33.5) 19 (23.2)
Occasional drinker 22 (25.3) 87 (30.3) 23 (28.1)
Infrequent heavy drinker 0(0.0) 2(0.7) 0(0.0)
Frequent heavy drinker 22 (25.3) 102 (35.5) 40 (48.8)
Physical activity level, n (%) 0.004 0.13
Low 36 (41.5) 82 (28.6) 16 (19.5)
Moderate 36 (41.4) 131 (45.6) 34 (41.5)
High 15 (17.2) 74 (25.8) 32(39.0)
WHODAS 24.10 [39.5, 5.5] 14.44 [25.0, 0.0] 8.06 [11.1, 0.0] <0.001 0.07
WHOQOL-Age 66.15 [75.0, 59.2] 73.01[80.9, 65.3] 77.23 [86.9, 68.3] <0.001 0.06
Immediate verbal memory 9.49 [12.0, 7.0] 13.02 [15.0, 11.0] 18.62 [21.0, 16.0] <0.001 0.38
Delayed verbal memory 2.59 [4.0,1.75] 3.54[4.0,2.0] 5.59 [7.0,4.0] <0.001 0.22

Note. Values for continuous variables are mean and interquartile range [IQR]. WHODAS World Health Organization Disability Assessment Schedule 2.0, WHOQOL-Age World Health
Organization Quality of Life instrument. 1 Based on Kruskal-Wallis tests for numerical variables and Chi-squared tests for categorical variables. 2 Based on 1?2 measured for Kruskal-Wallis
for numerical variables and Phi coefficient for Chi-squared tests for categorical variables.
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Table 5. Comparison of sociodemographic and clinical characteristics between delayed verbal memory trajectories in the 50-64 subsample.

“Very Low/Decline” “Low/Stable” Medium/ A/.\ccilerated ngh/Slo,jN 1 . 9
(= 68, 12.4%) (= 346, 51.4%) Decline Increase p-Value Effect Size
’ ! (n =150, 24.7%) (n =69, 11.4%)
Age 58.94 [62.0, 56.0] 56.91 [60.0, 54.0] 55.64 [59.0, 52.0] 54.97 [58.0, 51.0] <0.001 0.07
Women, 1 (%) 26 (38.2) 170 (49.1) 84 (56.0) 49 (71.0) <0.001 0.17
Marital status, n (%) 0.858 0.06
Never married 7(10.3) 329.3) 17 (11.3) 9 (13.0)
Married 49 (72.1) 249 (72.0) 107 (71.3) 48 (69.6)
Divorced 7(10.3) 36 (10.4) 19 (12.7) 6(8.7)
Widowed 5(74) 29 (8.4) 7 (4.7) 6(8.7)
Level of education, 1 (%) <0.001 0.25
Less than primary education 18 (26.5) 72 (20.8) 11 (7.3) 4 (5.8)
Primary education 39 (57.4) 117 (33.8) 32 (21.3) 10 (14.5)
Secondary education 9 (13.2) 121 (35.0) 71 (47.3) 24 (34.8)
Tertiary education 2(3.0) 36 (10.4) 36 (24.0) 31 (44.9)
Ever worked, n (%) 60 (88.2) 318 (91.9) 141 (94.0) 68 (98.6) 0.101 0.10
Household income quintiles, n (%) <0.001 0.15
1st (lowest) 9 (15.8) 54 (17.6) 33 (25.0) 12 (20.7)
2nd 20 (35.1) 58 (18.9) 22 (16.7) 11 (19.0)
3rd 16 (28.1) 66 (21.5) 16 (12.1) 7(12.1)
4th 6(10.5) 75 (24.4) 23 (17.4) 8 (13.8)
5th (highest) 6 (10.5) 54 (17.6) 38 (28.8) 20 (34.5)
Urban, # (%) 53 (78.0) 290 (84.0) 139 (92.7) 61 (88.4) 0.013 0.13
No. Diseases 2.29 [3.0,1.0] 1.99 [2.0, 1.0] 1.84[2.0, 1.0] 1.61 [2.0, 1.0] 0.135 0.05
Diseases, 1 (%)
Diabetes 14 (20.6) 41 (11.9) 14 (9.3) 4(5.8) 0.037 0.12
Hypertension 30 (45.5) 123 (36.3) 47 (32.2) 17 (25.4) 0.084 0.10
Asthma 3(44) 26 (7.5) 4(2.7) 5(7.3) 0.182 0.09
COPD 4(5.9) 24 (6.9) 6 (4.0) 1(1.5) 0.240 0.08
Arthritis 18 (26.5) 68 (19.7) 29 (19.3) 9(13.0) 0.269 0.08
Angina pectoris 3 (4.6) 15 (4.5) 7 (4.8) 2(2.9) 0.937 0.03
Stroke 6(8.8) 9(2.6) 3(2.0) 0(0.0) 0.010 0.13
Depression 10 (14.7) 41 (11.9) 17 (11.3) 4(5.8) 0.398 0.07
Tobacco, 1 (%) 0.060 0.09
Never smoked 26 (38.2) 163 (47.1) 60 (40.0) 24 (34.8)
Daily smoker 18 (26.5) 92 (26.6) 38 (25.3) 21 (30.4)
Not daily smoker 1(1.5) 6(1.7) 2 (1.3) 5(7.3)
Not current smoker 23 (33.8) 85 (24.6) 50 (33.3) 19 (27.5)

12 of 20
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Table 5. Cont.

50-64
“Very Low/Decline” “Low/Stable” Medium/ A/.\ccilerated ngh/Slo,jN 1 .9
(1 = 68, 12.4%) (1 = 346, 51.4%) Decline Increase p-Value Effect Size
’ ! (n =150, 24.7%) (n=69,11.4%)

Alcohol, 1 (%) 0.109 0.09

Lifetime abstainer 18 (26.5) 92 (26.6) 39 (26.0) 19 (27.5)

Occasional drinker 14 (20.6) 105 (30.4) 37 (24.7) 14 (20.3)

Infrequent heavy drinker 4(5.9) 3(0.9) 4(2.7) 0(0.0)

Frequent heavy drinker 32 (47.1) 146 (42.2) 70 (46.7) 36 (52.2)
Physical activity level, n (%) <0.001 0.14

Low 29 (42.7) 117 (33.8) 42 (28.0) 11 (15.9)

Moderate 21 (30.9) 128 (37.0) 56 (37.3) 20 (29.0)

High 18 (26.5) 101 (29.2) 52 (34.7) 38 (55.1)
WHODAS 10.91 [16.7,0.0] 7.99 [11.1, 0.0] 6.82 [8.3,0.0] 4.11[2.8,0.0] 0.005 0.02
WHOQOL-Age 70.01 [77.7, 65.8] 72.91 [82.9, 66.2] 74.58 [82.5, 67.0] 79.21 [88.6, 70.6] 0.002 0.02
Immediate verbal memory 12.41 [15.0, 10.0] 15.84 [19.0, 13.0] 20.45 [23.0, 18.0] 23.16 [27.0, 21.0] <0.001 0.37
Delayed verbal memory 2.81[4.0,2.0] 4.45[5.0, 4.0] 7.23[8.0, 6.0] 8.28 [10.0, 7.0] <0.001 0.60

Note. Values for continuous variables are mean and interquartile range [IQR]. WHODAS World Health Organization Disability Assessment Schedule 2.0, WHOQOL-Age World Health
Organization Quality of Life instrument. 1 Based on Kruskal-Wallis tests for numerical variables and Chi-squared tests for categorical variables. 2 Based on 12 measured for Kruskal-Wallis
for numerical variables and Phi coefficient for Chi-squared tests for categorical variables.

Table 6. Comparison of sociodemographic and clinical characteristics between delayed verbal memory trajectories in the 65+ subsample.

65+
“Low/Slow Decline” “Medium/Decline” “High/Slow Decline” .
(n = 138, 34.4%) (n = 263, 52.7%) (i = 55,12.9%) p-Value ! Effect Size?
Age 75.46 [79.3,70.0] 72.23[76.0, 68.0] 70.93 [73.0, 67.3] <0.001 0.08
Women, 7 (%) 74 (53.6) 141 (53.6) 34 (61.8) 0.518 0.05
Marital status, n (%) 0.013 0.15
Never married 8(5.8) 16 (6.1) 509.1)
Married 71 (51.5) 167 (63.5) 30 (54.6)
Divorced 3(22) 8(3.0) 4(7.3)
Widowed 56 (40.6) 72 (27.4) 16 (29.1)
Level of education, n (%) <0.001 0.19
Less than primary education 80 (58.0) 116 (44.1) 16 (29.1)
Primary education 43 (31.2) 80 (30.4) 13 (23.6)
Secondary education 9 (6.5) 47 (17.9) 20 (36.4)
Tertiary education 6 (4.4) 20 (7.6) 6 (11.0)

Ever worked, 1 (%) 101 (73.2) 217 (82.5) 47 (85.5) 0.048 0.12
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Table 6. Cont.

65+
“Low/Slow Decline” “Medium/Decline” “High/Slow Decline” .
(n = 138, 34.4%) (n = 263, 52.7%) (%1 = 55,12.9%) p-Value ! Effect Size”
Household income quintiles, 1 (%) 0.345 0.10
1st (lowest) 17 (13.8) 44 (18.0) 9(17.3)
2nd 42 (34.2) 61 (25.0) 8 (15.4)
3rd 28 (22.8) 59 (24.2) 12 (23.1)
4th 25 (20.3) 58 (23.8) 17 (32.7)
5th (highest) 11 (9.0) 22 (9.0) 6 (11.5)
Urban, 1 (%) 108 (78.3) 232 (88.2) 50 (90.9) 0.012 0.14
No. Diseases 2.63[3.0,2.0] 2.49 [3.0, 2.0] 2.35[3.0, 1.0] 0.395 0.13
Diseases, 1 (%)
Diabetes 37 (26.8) 57 (21.7) 8 (14.6) 0.166 0.09
Hypertension 67 (50.0) 131 (51.0) 26 (49.1) 0.960 0.01
Asthma 16 (11.6) 27 (10.3) 4(7.3) 0.671 0.04
COPD 23 (16.7) 26 (9.9) 8 (14.6) 0.132 0.09
Arthritis 48 (34.8) 90 (34.2) 15 (27.3) 0.571 0.05
Angina pectoris 11 (8.7) 24 (9.6) 6 (11.5) 0.837 0.03
Stroke 11 (8.0) 13 (5.0) 3(5.5) 0.469 0.06
Depression 19 (13.8) 25(9.5) 3(5.5) 0.185 0.09
Tobacco, 1 (%) 0.138 0.10
Never smoked 89 (64.5) 159 (60.5) 32(58.2)
Daily smoker 8 (5.8) 31 (11.8) 2 (3.6)
Not daily smoker 1(0.7) 3(1.1) 2 (3.6)
Not current smoker 40 (29.0) 70 (26.6) 19 (34.6)
Alcohol, n (%) 0.390 0.09
Lifetime abstainer 39 (40.6) 103 (31.2) 22 (36.4)
Occasional drinker 43 (31.2) 76 (29.0) 13 (23.6)
Infrequent heavy drinker 0(0.0) 2(0.8) 0(0.0)
Frequent heavy drinker 39 (28.3) 103 (39.2) 22 (40.0)
Physical activity level, n (%) 0.003 0.13
Low 48 (34.8) 75 (28.5) 11 (20.0)
Moderate 62 (44.9) 121 (46.0) 18 (32.7)
High 28 (20.3) 67 (25.5) 26 (47.3)
WHODAS 19.57 [33.3, 2.7] 13.66 [19.4, 0.0] 10.75 [15.9, 0.0] <0.001 0.04
WHOQOL-Age 68.58 [78.9, 60.6] 73.61 [82.6, 65.4] 76.79 [86.4, 65.6] <0.001 0.03
Immediate verbal memory 10.64 [13.0, 8.0] 13.91 [17.0, 11.0] 17.57 [21.0, 15.0] <0.001 0.21
Delayed verbal memory 2.20[3.0, 1.0] 3.97 [5.0, 3.0] 6.31[7.8,5.0] <0.001 0.39

14 of 20

Note. Values for continuous variables are mean and interquartile range [IQR]. WHODAS World Health Organization Disability Assessment Schedule 2.0, WHOQOL-Age World Health
Organization Quality of Life instrument. 1 Based on Kruskal-Wallis tests for numerical variables and Chi-squared tests for categorical variables. 2 Based on 12 measured for Kruskal-Wallis
for numerical variables and Phi coefficient for Chi-squared tests for categorical variables.
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4. Discussion

Our aim was to determine the number of distinct latent groups in a population-based sample of
middle-aged and older adults using two cognitive outcomes (i.e., immediate and delayed recall) and
identify whether these groups differed according to several variables.

Four and three distinct trajectories of immediate recall were identified in the middle-aged and
the older subsample, respectively. Even though not great differences have been found in terms of
rates of decline, our findings suggest that having low scores at baseline is followed by a greater rate of
decline over time, whereas having medium and higher scores at baseline is related to a slower decline
afterward. These results are in keeping with previous studies, where poor initial performance was
associated with greater decline [10-12].

As for the delayed recall test, we found that 11.4% of the middle-aged participants followed
a “high/slow increase” trajectory, with higher scores at baseline and a slight increase over time.
This improvement might be the result of the re-test or practice effect, which is especially common
in fluid intelligence measures such as verbal episodic memory [35]. This effect is generally more
pronounced in the initial assessments and is expected to diminish over subsequent waves [36].
This effect was also observed in the “low/stable” group, with a subtle improvement in wave two
that reverted in the third assessment. Moreover, some authors suggest that the retest effect varies
across different cognitive tests and cognitive domains [36]. This might explain why this trend was not
observed when using immediate recall as the outcome.

Comparison between latent groups suggests different patterns. In general, those individuals
classified in “very low/decline” patterns are more likely to be older than those with better baseline
scores. Likewise, the participants with better cognition included a higher proportion of people
with tertiary education. Thus, education level seems to contribute to the initial levels of cognition.
Higher education might contribute to greater cognitive reserve to compensate brain neuropathology
and delay the onset of clinical symptoms [37]. Similarly, better household income might be related to
more cognitively demanding occupations, and better access to health services, also more likely when
living in an urban area, with a positive effect on cognition [38].

Our findings also show that cardiovascular conditions such as diabetes and stroke are associated
with lower memory scores in the 50-64 age group for both verbal memory measures. The individuals
classified in the “very low/decline” and “low/stable” trajectories for both verbal memory measures
showed a remarkably higher prevalence of those conditions, which are causally related to neuronal
loss and which are associated with cognitive decline [3,39]. However, only diabetes remained
significantly associated with immediate memory in the older subsample, whereas none of the studied
CCs was associated with delayed verbal memory. This is in line with previous studies showing that
cardiovascular risk factors and conditions are related to cognitive decline in midlife [40,41].

Presence of arthritis was also associated with declining trajectories of immediate verbal memory
for both age groups. Some authors suggest that cardiovascular diseases increase the risk of arthritis,
and acting synergistically may accelerate cognitive deterioration [42,43]. In our data, depression was
associated only with immediate verbal memory in the middle-aged sample. One explanation for why
it has not been found in delayed verbal memory is the effect of affected attentional processes which
are common in depressed individuals and which play an important role in immediate or short-term
memory [16]. Moreover, memory appears not to be affected by depression among the oldest cohort,
suggesting that at this age, other underlying factors influence cognition.

As expected, those with lower verbal memory scores showed greater disability, and consequently
reported a poorer quality of life. These results were common between the two age subsamples.
Regarding the health-related risk factors, of note is the association between physical activity and
cognition trajectories. Those who scored higher in cognition (high and medium performers) engaged
more frequently in vigorous physical activity, whereas those with very low scores of cognition in the
first wave reported lower physical activity levels. This is in keeping with emerging research focused
on the role of physical activity in cognitive function, suggesting that active individuals have better
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cognitive function than sedentary ones [18-20]. Moreover, there is some evidence in the literature
about protective effects of physical activity on risk for future dementia [44]. Conversely, smoking status
and alcohol consumption yielded paradoxical and mixed evidence. The literature suggests that current
smokers are more likely to present cognitive decline, though in our 65+ sample, they were the ones
who had better immediate verbal memory scores and a slower decline pattern [45]. In the same line,
the same participants showed a greater proportion of heavy and occasional drinkers. One possible
explanation is the effect of their health status on lifestyles, so those with a higher prevalence of CC
would quit smoking or reduce alcohol intake to improve or at least not worsen their health.

Strengths and Limitations

Our findings should be considered in light of limitations. First, the presence of CCs was partially
based on self-reporting, although we also used symptom-based algorithms to avoid underdiagnosis.
Nevertheless, some authors support self-reported diagnostics as a well-established method to evaluate
CCin population-based studies [46]. Second, we analyzed data from those individuals who participated
in the three waves, and who had complete information for verbal memory variables. This might
have introduced some bias since participants with worse health and cognition status may have been
likelier to drop out of the study or to have missing values in the cognitive tests [47]. Related to this,
participants who completed a proxy interview due to cognitive problems, such as neurodegenerative
disease, were excluded from the analyses, since we aimed to study non-clinical cognitive decline.
Nonetheless, participants with the incipient neurodegenerative disease may have been included in our
analytical sample because of the sensitivity of the used screening tool. Third, it would have been of
interest to assess the effect of practice on the estimated rates of cognitive change. However, it is unlikely
that a retest effect affected the separation of participants into trajectory groups, and it could not have
influenced the estimated association of sociodemographic, clinical, and risk factors variables with
change. Forth, immediate and delayed verbal memory was assessed using one indicator, the CERAD
list. It would be of interest to include more assessment tools to evaluate cognitive domains to analyze
if those differences could be due to task-specific effects. Notwithstanding, the CERAD list is a standard
test which has been used in other of trajectories of verbal memory [11-13]. Lastly, the study of cognitive
trajectories and the time-varying variables could have been analyzed more in-depth using linear mixed
models or a growth mixture model (GMM) [30]. Nevertheless, since we aimed to identify groups
of individuals according to their immediate and delayed verbal memory scores without taking into
account covariates, and to allow comparability among previous studies on cognitive trajectories [11,12],
we first considered the GMM approach. However, the GMM failed due to non-convergence issues.
So, we considered the LCGA/GBTM, a constrained GMM which assumes that all individual growth
trajectories within classes are homogeneous. This approach is useful to capture the heterogeneity in
individual trajectories and to obtain meaningful latent groups of individuals following similar paths in
the outcome of interest, in terms of descriptive analysis [48,49]. Whether the identified trajectories are
mainly descriptive, the study of modifiable risk factors associated with those groups is essential to
detect groups of individuals to create proper prevention and intervention programs to delay the onset
or rate of cognitive decline [50].

The strengths of this work include its being based on a large nationally-representative sample
of community-dwelling individuals. In addition, due to the longitudinal nature of the study,
we analyzed the same cohort for 7 years, thereby allowing the study of verbal memory trajectories
to take into account cohort effects, in contrast to the cross-sectional design, which overestimates the
amount of decline [40]. Furthermore, we examined the relationships among sociodemographic data,
clinical variables, health-related behaviors, and each verbal memory trajectory, in order to determine
which variables might be related to different cognitive profiles in the two age-groups. Moreover,
we performed the analyses for both middle-aged and older individuals, to look for differences between
those age groups, because most of studies have focused on older individuals [11,40]. In a similar way,
we drew a distinction between immediate and delayed verbal memory, since they reflect different
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cognitive domains which could decline in different ways [16,36]. To our knowledge, no previous study
has differentiated between the two measures to study verbal memory trajectories.

5. Conclusions

This study has several potentially important clinical, research, and policy implications. Overall,
our results suggest that decline is not exclusive to older people, although it was more common in that
age group since only declining trajectories were identified. In this respect, not great differences have
been found in terms of rates of decline. However, we expect to find more pronounced differences
as more assessments were included, since a longer follow-up would be the proper way to study
changes in these cognition trajectories. Nonetheless, according to the systematic review of Karr et al.
(2018), change points for cognitive abilities ranged from 3 to 7 years before mild cognitive impairment
diagnosis. Thus the study of preclinical differences could be useful on the early detection of cognitive
change [50].

In addition, we studied some associated sociodemographic, clinical, and health-related variables
for each cognition trajectory. Education seems to be related to initial performance but its effect on
the rate of decline needs to be studied in greater depth. Cardiovascular diseases, a greater number
of CCs, and physical inactivity were strongly associated with lowered memory functioning in early
ages. So, preventive and intervention programs based on the body of evidence on this topic should be
designed to reduce cognitive decline and prevent dementia, as well as to promote healthier lifestyles,
especially at earlier ages when health status is more reversible.

Author Contributions: Conceptualization, I.B.-M., B.O., and D.F.,; Methodology, I.B.-M., B.O., A.S.-N. and D.E,;
Software, D.E,; Validation, D.F. and A.S.-N.; Formal Analysis, D.F.; Investigation, I.B.-M., B.O., AS.-N., D.F, E.L,,
N.M.-M., MM., DM.-A,, ].L.A.-M., J]M.H,; Data Curation, B.O.; Writing—Original Draft Preparation, I.B.-M.;
Writing—Review & Editing, B.O., A.S.-N, D.E, E.L.,, N\M.-M., M.M., D.M.-A.; Funding Acquisition, ].M.H.,
J.L.A-M., B.O., D.F. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the European Community’s Seventh Framework Programme [grant number
223071-COURAGE Study]; the Instituto de Salud Carlos III-FIS [grant numbers PS09/00295, PS09/01845, P112/01490,
and PI13/00059. Projects P112/01490 and PI13/00059 have been co-funded by the European Union European
Regional Development Fund (ERDF) “A Way to Build Europe”]; the European Union’s Horizon 2020 Research and
Innovation Programme [grant agreement 635316]; and the Centro de Investigacion Biomédica en Red de Salud
Mental (CIBERSAM), Instituto de Salud Carlos III. NMM is supported by the programme ‘Contratos predoctorales
para Formacion de Personal Investigador, FPI-UAM’, Universidad Auténoma de Madrid, Spain. EL’'s work is
supported by the Sara Borrell postdoctoral program (CD18/00099) of the Instituto de Salud Carlos III (Spain)
and co-funded by the European Union (ERDF/ESEF, “Investing in your future”). DM’s work is supported by the
Spanish Ministry of Education, Culture, and Sports [grant number FPU15/02634]. DF’s work has been supported
by grant RTI2018-100927-J-100 administrated by Ministerio de Ciencia e Innovacion (MCI, Spain), by the Agencia
Estatal de Investigacion (AEIL Spain), and by the European Regional Development Fund (FEDER, UE), by Marsden
grant E2987-3648 administrated by the Royal Society of New Zealand), and by grant 2017 SGR 622 (GRBIO)
administrated by the Departament d’Economia i Coneixement de la Generalitat de Catalunya (Spain).

Acknowledgments: We would like to thank Tom Yohannan for his in-depth revision of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  United Nations. Department of Economic and Social Affairs. Population Division Population Ageing
and Sustainable Development. Available online: https://www.un.org/en/development/desa/population/
publications/pdf/popfacts/PopFacts_2017-1.pdf (accessed on 15 November 2019).

2. Feigin, V.L.; Nichols, E.; Alam, T.; Bannick, M.S.; Beghi, E.; Blake, N.; Culpepper, W].; Dorsey, E.R,;
Elbaz, A.; Ellenbogen, R.G.; et al. Global, regional, and national burden of neurological disorders, 1990-2016:
A systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18, 459-480.
[CrossRef]

3. Chodosh, J.; Miller-Martinez, D.; Aneshensel, C.S.; Wight, R.G.; Karlamangla, A.S. Depressive symptoms,
chronic diseases, and physical disabilities as predictors of cognitive functioning trajectories in older Americans.
J. Am. Geriatr. Soc. 2010, 58, 2350-2357. [CrossRef] [PubMed]


https://www.un.org/en/development/desa/population/publications/pdf/popfacts/PopFacts_2017-1.pdf
https://www.un.org/en/development/desa/population/publications/pdf/popfacts/PopFacts_2017-1.pdf
http://dx.doi.org/10.1016/S1474-4422(18)30499-X
http://dx.doi.org/10.1111/j.1532-5415.2010.03171.x
http://www.ncbi.nlm.nih.gov/pubmed/21087219

Brain Sci. 2020, 10, 249 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Salthouse, T.A. When does age-related cognitive decline begin? Neurobiol. Aging 2009, 30, 507-514. [CrossRef]
[PubMed]

Deary, L.].; Corley, J.; Gow, A.].; Harris, S.E.; Houlihan, L.M.; Marioni, R.E.; Penke, L.; Rafnsson, S.B.; Starr, ].M.;
Corley, J.; et al. Age-associated cognitive decline. Br. Med. Bull. 2009, 92, 135-152. [CrossRef] [PubMed]
Murman, D.L. The Impact of Age on Cognition. Semin. Hear. 2015, 36, 111-121. [CrossRef] [PubMed]
WHO Ageing and Health. Available online: https://www.who.int/news-room/fact-sheets/detail/ageing-and-
health (accessed on 11 December 2018).

Salthouse, T.A. Memory aging from 18 to 80. Alzheimer Dis. Assoc. Disord. 2003, 17, 162-167. [CrossRef]
Hayden, K.M.; Reed, B.R.; Manly, ].].; Tommet, D.; Pietrzak, R.H.; Chelune, G.J.; Yang, EM.; Revell, A].;
Bennett, D.A.; Jones, R.N. Cognitive decline in the elderly: An analysis of population heterogeneity.
Age Ageing 2011, 40, 684-689. [CrossRef]

Terrera, G.M.; Brayne, C.; Matthews, F. One size fits all? Why we need more sophisticated analytical methods
in the explanation of trajectories of cognition in older age and their potential risk factors. Int. Psychogeriatrics
2010, 22, 291-299. [CrossRef]

Olaya, B.; Bobak, M.; Haro, ].M.; Demakakos, P. Trajectories of verbal episodic memory in middle-aged
and older adults: Evidence from the English Longitudinal Study of Ageing. J. Am. Geriatr. Soc. 2017, 65,
1274-1281. [CrossRef]

Zahodne, L.B.; Wall, M.M.; Schupf, N.; Mayeux, R.; Manly, ].].; Stern, Y.; Brickman, A.M. Late-life memory
trajectories in relation to incident dementia and regional brain atrophy. ]J. Neurol. 2015, 262, 2484-2490.
[CrossRef]

Zaninotto, P; Batty, G.D.; Allerhand, M.; Deary, 1.]. Cognitive function trajectories and their determinants in
older people: 8 Years of follow-up in the English Longitudinal Study of Ageing. J. Epidemniol. Community Health
2018, 72, 685-694. [CrossRef] [PubMed]

Wilson, R.S.; Beckett, L.A.; Barnes, L.L.;, Schneider, J.A.; Bach, J.; Evans, D.A.; Bennett, D.A.
Individual differences in rates of change in cognitive abilities of older persons. Psychol. Aging 2002,
17,179-193. [CrossRef] [PubMed]

Harada, C.N.; Natelson Love, M.C.; Triebel, K.L. Normal cognitive aging. Clin. Geriatr. Med. 2013, 29,
737-752. [CrossRef] [PubMed]

Atkinson, R.C.; Shiffrin, R.M. Human Memory: A proposed system and its control processes. Psychol. Learn.
Motiv. Adv. Res. Theory 1968, 2, 89-195.

Haan, M.N.; Weldon, M. The influence of diabetes, hypertension, and stroke on ethnic differences in physical
and cognitive functioning in an ethnically diverse older population. Ann. Epidemiol. 1996, 6, 392-398.
[CrossRef]

Loprinzi, P.D.; Herod, S.M.; Cardinal, B.].; Noakes, T.D. Physical activity and the brain: A review of this
dynamic, bi-directional relationship. Brain Res. 2013, 1539, 95-104. [CrossRef]

Loprinzi, P.D. Multimorbidity, cognitive function, and physical activity. Age (Omaha) 2016, 38, 8. [CrossRef]
Hotting, K.; Schauenburg, G.; Roder, B. Long-Term Effects of Physical Exercise on Verbal Learning and
Memory in Middle-Aged Adults: Results of a One-Year Follow-Up Study. Brain Sci. 2012, 2, 332-346.
[CrossRef]

Cullum, S.; Huppert, FA.; McGee, M.; Dening, T.; Ahmed, A.; Paykel, E.S.; Brayne, C. Decline across different
domains of cognitive function in normal ageing: Results of a longitudinal population-based study using
CAMCOG. Int. ]. Geriatr. Psychiatry 2000, 15, 853-862. [CrossRef]

Leonardi, M.; Chatterji, S.; Koskinen, S.; Ayuso-Mateos, J.L.; Haro, ].M.; Frisoni, G.; Frattura, L.; Martinuzzi, A.;
Tobiasz-Adamczyk, B.; Gmurek, M.; et al. Determinants of health and disability in ageing population:
The COURAGE in Europe Project (Collaborative Research on Ageing in Europe). Clin. Psychol. Psychother.
2014, 21, 193-198. [CrossRef]

Folstein, M.E; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive
state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Morris, ].C.; Heyman, A.; Mohs, R.C.; Hughes, ].P.,; van Belle, G.; Fillenbaum, G. The consortium to establish a
registry for Alzheimer’s disease (CERAD). Part I. Clinical and neuropsychological assesment of Alzheimer’s
disease. Neurology 1989, 39, 1159-1165. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.neurobiolaging.2008.09.023
http://www.ncbi.nlm.nih.gov/pubmed/19231028
http://dx.doi.org/10.1093/bmb/ldp033
http://www.ncbi.nlm.nih.gov/pubmed/19776035
http://dx.doi.org/10.1055/s-0035-1555115
http://www.ncbi.nlm.nih.gov/pubmed/27516712
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
http://dx.doi.org/10.1097/00002093-200307000-00008
http://dx.doi.org/10.1093/ageing/afr101
http://dx.doi.org/10.1017/S1041610209990937
http://dx.doi.org/10.1111/jgs.14789
http://dx.doi.org/10.1007/s00415-015-7871-8
http://dx.doi.org/10.1136/jech-2017-210116
http://www.ncbi.nlm.nih.gov/pubmed/29691286
http://dx.doi.org/10.1037/0882-7974.17.2.179
http://www.ncbi.nlm.nih.gov/pubmed/12061405
http://dx.doi.org/10.1016/j.cger.2013.07.002
http://www.ncbi.nlm.nih.gov/pubmed/24094294
http://dx.doi.org/10.1016/S1047-2797(96)00062-2
http://dx.doi.org/10.1016/j.brainres.2013.10.004
http://dx.doi.org/10.1007/s11357-016-9874-5
http://dx.doi.org/10.3390/brainsci2030332
http://dx.doi.org/10.1002/1099-1166(200009)15:9&lt;853::AID-GPS211&gt;3.0.CO;2-T
http://dx.doi.org/10.1002/cpp.1856
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1212/WNL.39.9.1159
http://www.ncbi.nlm.nih.gov/pubmed/2771064

Brain Sci. 2020, 10, 249 19 of 20

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kowal, P; Chatterji, S.; Naidoo, N.; Biritwum, R.; Fan, W.; Lopez Ridaura, R.; Maximova, T.; Arokiasamy, P.;
Phaswana-Mafuya, N.; Williams, S.; et al. Data resource profile: The World Health Organization study on
global AGEing and adult health (SAGE). Int. |. Epidemiol. 2013, 41, 1639-1649. [CrossRef] [PubMed]
Ronald, C.; Kessler, T.B.U. The World Mental Health (WMH) survey initiative version of the World Health
Organization (WHO) Composite Diagnostic Interview (CIDI). Int. . Methods Psychiatr. Res. 2004, 13, 93-121.
WHO. Global Physical Activity Questionnaire (GPAQ) Analysis Guide; WHO: Geneva, Switzerland, 2012.
Ustun, T.B.; Kostanjsek, N.; Chatterji, S.; Rehm, J.; WHO. Developing the World Health Organization
Disability Assessment Schedule 2.0. Bull World Health Organ 2010, 88, 815-823. [CrossRef]

Caballero, F.; Miret, M.; Power, M.; Chatterji, S.; Tobiasz-Adamczyk, B.; Koskinen, S.; Leonardi, M.; Olaya, B.;
Haro, J.; Ayuso-Mateos, J. Validation of an instrument to evaluate quality of life in the aging population:
WHOQOL-AGE. Health Qual. Life Outcomes 2013, 11, 177. [CrossRef]

Berlin, K.S.; Parra, G.R.; Williams, N.A. An Introduction to Latent Variable Mixture Modeling (Part 2):
Longitudinal Latent Class Growth Analysis and Growth Mixture Models. |. Pediatr. Psychol. 2014, 39,
188-203. [CrossRef]

Muthén, L K.; Muthén, B.O. Mplus User’s Guide, 7th ed.; Muthén, M.: Los Angeles, CA, USA, 2012.

Tein, J.Y.; Coxe, S.; Cham, H. Statistical power to detect the correct number of classes in latent profile analysis.
Struct. Equ. Model. 2013, 20, 640-657. [CrossRef]

Nylund-Gibson, K.; Choi, A.Y. Ten frequently asked questions about latent class analysis. Transl. Issues
Psychol. Sci. 2018, 4, 440-461. [CrossRef]

R Development Core Team. R: A Language and Environment for Statistical Computing; R Foundation for
Statistical Computing: Vienna, Austria, 2019.

Rabbitt, P; Diggle, P.; Holland, E.; McInnes, L. Practice and drop-out effects during a 17-year longitudinal
study of cognitive aging. J. Gerontol. B. Psychol. Sci. Soc. Sci. 2004, 59, 84-97. [CrossRef]

Wilson, R.S.; Li, Y.; Bienias, J.L.; Bennett, D.A. Cognitive decline in old age: Separating retest effects from the
effects of growing older. Psychol. Aging 2006, 21, 774-789. [CrossRef] [PubMed]

Stern, Y. Cognitive reserve. Neuropsychologia 2009, 47, 2015-2028. [CrossRef] [PubMed]

Lyu, J.; Burr, J.A. Socioeconomic Status across the life course and cognitive function among older adults:
An examination of the latency, pathways, and accumulation hypotheses. J. Aging Health 2016, 28, 40-67.
[CrossRef] [PubMed]

Zilliox, L.A.; Chadrasekaran, K.; Kwan, J.Y.; Russell, ].W. Diabetes and cognitive impairment. Curr. Diab. Rep.
2016, 16, 87. [CrossRef] [PubMed]

Anstey, K J.; Sargent-Cox, K.; Garde, E.; Cherbuin, N.; Butterworth, P. Cognitive development over 8 years in
midlife and its association with cardiovascular risk factors. Neuropsychology 2014, 28, 653—-665. [CrossRef]
[PubMed]

Caracciolo, B.; Gatz, M.; Xu, W.; Marengoni, A.; Pedersen, N.L.; Fratiglioni, L. Relationship of subjective
cognitive impairment and cognitive impairment no dementia to chronic disease and multimorbidity in a
nation-wide twin study. J. Alzheimer’s Dis. 2013, 36, 275-284. [CrossRef]

Vassilaki, M.; Aakre, J.A.; Cha, R.-H.; Kremers, W.K.; St. Sauver, ].L.; Mielke, M.M.; Geda, Y.E.; Machulda, M.M.;
Knopman, D.S.; Petersen, R.C.; etal. Multimorbidity and risk of mild cognitive impairment. J. Am. Geriatr. Soc.
2015, 63, 1783-1790. [CrossRef]

Li, C.; Liu, T.; Sun, W.; Wu, L.; Zou, Z.-Y. Prevalence and risk factors of arthritis in a middle-aged and older
Chinese population: The China health and retirement longitudinal study. Rheumatology (Oxford) 2015, 54,
697-706. [CrossRef]

Smith, J.; Nielson, K.; Woodard, J.; Seidenberg, M.; Rao, S. Physical Activity and Brain Function in Older
Adults at Increased Risk for Alzheimer’s Disease. Brain Sci. 2013, 3, 54-83. [CrossRef]

Plassman, B.L.; Williams, ].W.; Burke, J.R.; Holsinger, T.; Benjamin, S. Systematic review: Factors associated
with risk for and possible prevention of cognitive decline in later life. Ann. Intern. Med. 2010, 153, 182-193.
[CrossRef]

Huntley, A.L.; Johnson, R.; Purdy, S.; Valderas, ].M.; Salisbury, C. Measures of multimorbidity and morbidity
burden for use in primary care and comminuty settings: A systematic review and guide. Ann. Fam. Med.
2012, 10, 134-141. [CrossRef] [PubMed]


http://dx.doi.org/10.1093/ije/dys210
http://www.ncbi.nlm.nih.gov/pubmed/23283715
http://dx.doi.org/10.2471/BLT.09.067231
http://dx.doi.org/10.1186/1477-7525-11-177
http://dx.doi.org/10.1093/jpepsy/jst085
http://dx.doi.org/10.1080/10705511.2013.824781
http://dx.doi.org/10.1037/tps0000176
http://dx.doi.org/10.1093/geronb/59.2.P84
http://dx.doi.org/10.1037/0882-7974.21.4.774
http://www.ncbi.nlm.nih.gov/pubmed/17201497
http://dx.doi.org/10.1016/j.neuropsychologia.2009.03.004
http://www.ncbi.nlm.nih.gov/pubmed/19467352
http://dx.doi.org/10.1177/0898264315585504
http://www.ncbi.nlm.nih.gov/pubmed/26006338
http://dx.doi.org/10.1007/s11892-016-0775-x
http://www.ncbi.nlm.nih.gov/pubmed/27491830
http://dx.doi.org/10.1037/neu0000044
http://www.ncbi.nlm.nih.gov/pubmed/24635711
http://dx.doi.org/10.3233/JAD-122050
http://dx.doi.org/10.1111/jgs.13612
http://dx.doi.org/10.1093/rheumatology/keu391
http://dx.doi.org/10.3390/brainsci3010054
http://dx.doi.org/10.7326/0003-4819-153-3-201008030-00258
http://dx.doi.org/10.1370/afm.1363
http://www.ncbi.nlm.nih.gov/pubmed/22412005

Brain Sci. 2020, 10, 249 20 of 20

47.  Van der Elst, W.; Molenberghs, G.; Van Boxtel, M.PJ.; Jolles, J. Establishing normative data for repeated
cognitive assessment: A comparison of different statistical methods. Behav. Res. Methods 2013, 45, 1073-1086.
[CrossRef] [PubMed]

48. Nagin, D.S. Group-Based Trajectory Modeling: An Overview. Ann. Nutr. Metab. 2014, 65, 205-210.
[CrossRef]

49. Nagin, D.S.; Tremblay, R.E.; Sampson, R.J.; Laub, ].H. Developmental trajectory groups: Fact or a useful
statistical fiction? Criminology 2005, 43, 873-904. [CrossRef]

50. Karr, J.E.; Graham, R.B.; Hofer, S.M.; Muniz-Terrera, G. When does cognitive decline begin? A systematic
review of change point studies on accelerated decline in cognitive and neurological outcomes preceding
mild cognitive impairment, dementia, and death. Psychol. Aging 2018, 33, 95-218. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.3758/s13428-012-0305-y
http://www.ncbi.nlm.nih.gov/pubmed/23344738
http://dx.doi.org/10.1159/000360229
http://dx.doi.org/10.1111/j.1745-9125.2005.00026.x
http://dx.doi.org/10.1037/pag0000236
http://www.ncbi.nlm.nih.gov/pubmed/29658744
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Data Collection 
	Measures 
	Statistical Analyses 

	Results 
	Descriptive Analysis 
	Verbal Memory Trajectories 
	Association between Verbal Memory Trajectories and Covariates 

	Discussion 
	Conclusions 
	References

