Research report

Cognitive function trajectories and their determinants
in older people: 8 years of follow-up in the English
Longitudinal Study of Ageing

Paola Zaninotto,' G David Batty, " Michael Allerhand,? lan J Deary?

OPEN ACCESS

» Additional material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
jech-2017-210116).

"Research Department of
Epidemiology and Public Health,
University College London,
London, UK

“Centre for Cognitive Ageing
and Cognitive Epidemiology,
Department of Psychology,
University of Edinburgh,
Edinburgh, UK

Correspondence to

Dr Paola Zaninotto, Research
Department of Epidemiology
and Public Health, University
College London, London WC1E
7HB, UK; p.zaninotto@ucl.ac.uk

Received 16 October 2017
Revised 8 March 2018
Accepted 27 March 2018

| '.) Check for updates

To cite: Zaninotto P,

Batty GD, Allerhand M, et al. J
Epidemiol Community Health
Epub ahead of print: [please
include Day Month Year].
doi:10.1136/jech-2017-
210116

ABSTRACT

Background Maintaining cognitive function is an
important aspect of healthy ageing. In this study, we
examined age trajectories of cognitive decline in a large
nationally representative sample of older people in
England. We explored the factors that influence such
decline and whether these differed by gender.
Methods Latent growth curve modelling was used to
explore age-specific changes, and influences on them,

in an 8-year period in memory, executive function,
processing speed and global cognitive function among
10626 participants in the English Longitudinal Study

of Ageing. We run gender-specific models with the
following exposures: age, education, wealth, childhood
socioeconomic status, cardiovascular disease, diabetes,
physical function, body mass index, physical activity,
alcohol, smoking, depression and dementia.

Results After adjustment, women had significantly
less decline than men in memory (0.011, SE 0.006),
executive function (0.012, SE 0.006) and global cognitive
function (0.016, SE 0.004). Increasing age and dementia
predicted faster rates of decline in all cognitive function
domains. Depression and alcohol consumption predicted
decline in some cognitive function domains in men only.
Poor physical function, physical inactivity and smoking
were associated with faster rates of decline in specific
cognitive domains in both men and women. For example,
relative to study members who were physically active,
the sedentary experienced greater declines in memory
(women —0.018, SE 0.009) and global cognitive function
(men —0.015, SE 0.007 and women —0.016, SE 0.007).
Conclusions The potential determinants of cognitive
decline identified in this study, in particular modifiable
risk factors, should be tested in the context of
randomised controlled trials.

INTRODUCTION

Decline in cognitive function is a major concern for
older adults." Lower cognitive function and cogni-
tive decline are also associated with an increased
risk of mortality, disability and poor quality of
life.” > While it is well documented that cognitive
functioning in general declines in older age,* there
is a suggestion that different domains of cognition
decline at different rates. Crystallised intelligence,
for instance, as denoted by verbal ability, general
knowledge and number skills, is more likely to
endure with age.® Other cognitive abilities, such as
memory, executive function and processing speed,
known collectively as fluid intelligence, however,
show, on average, a greater degree of decline’

which may occur from as early as middle age.’
Understanding the age-related cognitive decline and
the factors that potentially mitigate such decline is
important for early interventions.’

A growing body of evidence is emerging with
regard to predictors of cognitive decline in older
age. The most commonly investigated being
sociodemographic, health, depression and health
behaviour factors.> #1° Depression has been consis-
tently associated with faster cognitive decline.'® !
Poor health status, assessed in a variety of ways, has
been related to cognitive decline.®** '** Among the
health-related behaviours, physical inactivity and
current or ever smoking status have been associated
with steeper cognitive decline.® '*1°

Research on the relationship between sociode-
mographic factors, such as sex, socioeconomic
status, education and cognitive function decline,
has yielded mixed evidence. With respect to sex
differences in rates of change in cognitive abilities,
empirical evidence has not been conclusive, with
some reporting no differences'® and others showing
steeper decline in men than women for specific
cognitive domains.”” Recent studies on education
and cognitive decline yielded to the consistent
finding that education contributes to the initial
levels of cognitive function but does not influence
age-related cognitive decline.”'® Studies on the role
of childhood and/or current socioeconomic status
on cognitive decline are mixed, with some reporting
a faster decline among disadvantaged individuals"’
and others reporting no associations.’

Longitudinal studies which collect a broad range
of factors and characterise change in cognitive
functions over time in older age are best placed to
provide insights into age-related decline and the
factors contributing to such decline, which both
remain the subject of debate.® *° 2! In recent years,
prospective studies of ageing in multiple countries
have emerged, designed to be comparable with
the Health and Retirement Study (HRS)* in the
USA, including the English Longitudinal Study of
Ageing (ELSA),® which we describe in the present
manuscript. All of these large nationally represen-
tative studies have included measures of cognitive
abilities that assess brain functioning across several
domains, such as memory, executive function and
processing speed. The studies were also designed
to cover social, economic, behavioural and health
aspects of ageing and, therefore, are well suited to
explore potential predictors of cognitive decline.
However, to date, none of the above-mentioned

BM)

Zaninotto P, et al. J Epidemiol Community Health 2018;0:1-10. doi:10.1136/jech-2017-210116 1

“ybuAdoa Aq parosioid 1sanb Aq 810z |dy 9z uo Jwod fwqg yssly:dny woly papeojumod ‘8102 |Udy $2 U0 9TT0TZ-2T0Z-Y22l/9€TT 0T Se payslignd 1sii :YijeaH Alunwwo) |olwapid3 ¢


http://crossmark.crossref.org/dialog/?doi=10.1136/jech-2017-210116&domain=pdf&date_stamp=2018-04-24
http://jech.bmj.com/

Research report

national ageing studies have explored a broad range of predic-
tors of cognitive decline. ELSA was the first study initiated to be
comparable with HRS, therefore offering the longest follow-up
among these ageing studies.

Accordingly, the aim of this study was to examine age trajec-
tories of cognitive function and influences on them in a large
nationally representative sample of older people living in
England. Trajectories of cognitive function are evaluated with
the use of three important domains (memory, executive func-
tion and processing speed), characterising fluid intelligence
over an 8-year period. Potential predictors of cognitive decline
were explored separately for men and women and carefully
selected from the literature to cover several broad categories:
demographic (age), socioeconomic status (education, wealth and
childhood socioeconomic status), health (cardiovascular disease
(CVD) and diabetes), physical functioning (limitations with
activities of daily living (ADL) and walking difficulties), health
behaviours (body mass index (BMI), physical activity, alcohol
and smoking), depression and dementia.

METHODS

Data sources

Data are drawn from ELSA which has been described in detail
elsewhere.?® In brief, a representative sample of 11391 people
aged 50 years and over living in private households in England
who had previously participated in the Health Survey for
England (wave 0, 1998, 1999 or 2001) was interviewed every
2years. We used data up to wave 5 (2010-2011). ELSA was
conducted in accordance with the Declaration of Helsinki, and
ethical approval and experimental protocols were granted by the
Multicentre Research and Ethics Committee. Participants gave
their informed consent to take part in the study.

Measures
Cognitive function was assessed at each wave using a battery
of standard tests covering three major cognitive domains:
memory, processing speed and executive function. Memory
was measured using a word-list learning test in which a list
of 10 words was presented orally to study participants who
were then asked to recall as many words as possible imme-
diately after the reading of list had been completed and then
again after around a 5 min delay during which they completed
other survey questions. The word list comprises four different
versions, so that different lists can be administered at different
waves of data collection. We computed an overall memory
score (ranging from 0 to 20) by adding the points of the
immediate and delayed recall tests (maximum of 10 points
for immediate and 10 points for delayed recall; correlation
coefficient of 0.70). Executive function was measured using a
test of how quickly participants could name as many different
animals as possible in 1min (semantic verbal fluency). The
overall score in the sample ranged from 0 to 60. Processing
speed was measured using a letter cancellation test. The partic-
ipant was handed a clipboard to which was attached a page of
random letters of the alphabet set out in rows and columns
and was asked to cross out as many target letters (P and W)
as possible within 1 min. The total number of letters searched
(score 0 to 64) provided a measure of speed of processing.

All scores were normally distributed; there was no evidence of
floor and ceiling effect.

Age, sex, wealth, education and childhood socioeconomic
positions were measured at baseline (2002-2003). Total wealth
was defined as the sum of financial, physical (eg, business and

land) and housing wealth, minus debts, from which we computed
tertiles (high, medium and low). Education was categorised into
high (college/university and above), medium (advanced level)
and low (ordinary level or lower). Three levels of childhood
socioeconomic status were derived from paternal occupation at
the age of 14 years (high (managerial, professional and adminis-
trative occupations or business owners), intermediate (trade-re-
lated and services-related occupations) and low (manual and
casual occupations and other occupations)).

CVD, diabetes and dementia were assessed at each wave
using self-reported doctor diagnosis. Participants were clas-
sified as having one or more limitations with ADL if they
reported having difficulties in performing any of the six
activities (eg, dressing, walking across a room, bathing or
showering, eating, getting in/out of bed and using the toilet).
Poor mobility was assessed by asking respondents if they
had any difficulties walking 100 yards (91.44 m). Depres-
sion was measured using the 8-item version of the Centre
for Epidemiologic Studies—Depression scale** with a cut-off
of four or more depressive symptoms.? Self-reported health
behaviours included smoking status (non-smoker and current
smoker), frequency of alcohol consumption in the past year
(less than daily and daily) and physical activity during leisure
time, recorded as participation in vigorous, moderate and
mild activities (active and sedentary). BMI was derived from
height and weight measured by a nurse at waves 0, 2 or 4.
Gait speed was assessed by two-timed walks at normal pace,
each of 8 feet, among participants aged 60 years and over.

Statistical analyses

The analytical sample comprised participants who had answered
the cognitive function tests, consisting of 10626 (5777 females)
at wave 1 (93% of 11391 study participants), 8348 at wave 2
(95% of 8780), 6951 at wave 3 (92% of 7535), 5685 at wave 4
(86% of 6623) and 5512 at wave 5 (88% of 6242). To examine
trajectories of change over time in cognitive function, we used
linear latent growth curve (LGC) methodology in Mplus V.7*¢
with Full Information Maximum Likelihood (FIML) algorithm
for unbalanced data.”” FIML has the benefit of computing
parameter estimates on the basis of all available data—without
either imputing or dropping data when missing—under the
assumption that data are missing at random. However, attrition
due to mortality or dropout can violate this assumption. There-
fore, we further explored how sensitive the model's parameter
estimates were to missing values using imputed data*® and found
that the sign and significance of model parameters was the same
across multiple datasets; therefore, we judged the occurrence of
missing data to be ignorable.

To facilitate comparisons, we standardised the cognitive
function scores to have a mean equal to 0 and an SD equal
to 1. We fitted one model for each of the cognitive function
domains. Sociodemographic characteristics were modelled
as time invariant factors. For CVD, diabetes, ADL, walking
difficulties, depression, smoking, alcohol and physical
activity, we used information from all five waves to indicate
whether the responded ever reported the condition (no and
yes). For BMI, we computed the average reported at waves
0, 2 or 4. Gait speed was computed as the average reported
during the study period.

Risk factors were entered simultaneously in each model
of the cognitive function domains. In the models with risk
factors, we found that women had significantly slower rate
of change in memory, executive and global cognitive function
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than men (ST1). Furthermore, we tested for gender/covariate
interactions and found some evidence of gender differences
in intercepts and slopes. Results of risk factors are reported
by gender.

In our sample, there was minimal evidence of prac-
tice effects between the first and second occasion and no
evidence of practice effects between the second and subse-
quent occasions. Therefore, retest was not included in the
statistical models.”

Changes in global cognitive function were estimated using
a latent construct; thus, on each occasion, memory, executive
function and processing speed were modelled as indicators
of global cognitive function. Therefore, we assessed factorial
invariance by evaluating whether the same construct (eg, global
cognitive function) was assessed on the same metric across each
measurement occasion using a hierarchy of tests (configural
invariance, metric invariance, strong invariance and strict invari-
ance) and comparing model fit.>* Results suggested that strong
factorial invariance held across occasions; therefore, the same
latent construct was identified longitudinally (results available
on request).

We present ageing-vector graphs of predicted cognitive func-
tion scores in order to show visually the level of each score at
baseline, direction and amount of change throughout the age
range of our sample. The graphs reveal both any trends by age
of the sample at baseline and cohort-specific within-person
changes over time in cognitive function®'; they were fitted using
STATA V.14.

Lastly, we conducted several sensitivity analyses to further
assess whether a different set of predictors of cognitive decline
were found for people aged 60 years and over; and we also
assessed the impact of sample attrition.

RESULTS

In table 1, we show the summary statistics for the predictors of
cognitive decline and baseline levels of each cognitive function
measured by gender. One in 3 men and 1 in 4 women reported
ever being diagnosed with CVD during the study follow-up
period and just over 1 in 10 with diabetes. On average, respon-
dents in our sample were overweight, as indicated by the average
BMI of 28 kg/m?. Over 40% of men and 27% of women reported
drinking alcohol daily, whereas women were more physically
inactive than men. Over one-third of women and 24% of men
reported ever being depressed. About 3% of respondents were
diagnosed with dementia. At baseline, respondents recalled (sum
of immediate and 5 min delayed) on average 9.2 (SD 3.5) words
(9.7, SD 3.6 in women), named 19.8 (SD 6.4) animals (18.9,
SD 6.1 in women) and correctly identified 17.7 (SD 5.7) target
letters (19.3, SD 6.1 in women).

Age trajectories of cognitive function

In table 2, we show estimated parameters of the LGC, with age
(centred to the mean of 65) for each of the cognitive domains
and the global cognitive function score. The fit indices suggest
that the proposed models fit the data well. The intercept values
refer to the mean standardised scores of each cognitive function
domain of men who were aged 65 years at baseline, and the slope
values refer to the average SD change for each additional wave
of the study (2-year interval). For example, the average stan-
dardised baseline score of memory was —0.025 (SE 0.012) for
men aged 65 years, this decreased at an average rate of —0.037
(SE 0.004) for each additional wave of the study. Initial levels of
each cognitive function domain were lower for older individuals;

for each year increase in age, there were a —0.038 decrease in
memory score, a —0.030 decrease in executive function score,
a —0.028 decrease in processing speed score and a —0.037
decrease in global cognition score. .Women had higher memory
(0.158,SE 0.016), processing speed (0.288,SE 0.017) and global
cognitive function levels (0.099,SE 0.004) at baseline than men
but lower executive function (—0.120,SE 0.017). Table 2 also
shows the effect of baseline age on the rate of change of each
cognitive function score. A person who is older at baseline has a
more negative slope (memory —0.004,p<0.001; executive func-
tion —0.005,p<0.001; processing speed —0.003,p<0.001 and
global cognitive function score —0.005,p<0.001), that is, a
steeper decline per each additional wave of the study (2 years).
There was no gender difference in the rate of change of memory,
executive function and processing speed, whereas the positive
coefficient for the global cognitive function score indicated that
women had slower decline compared with men (0.013,SE 0.002,
p<0.010).

The ageing-vector graphs shown in figures 1 and 2 provide a
summary of the LGC models presented in table 2. Each arrow
represents the predicted cognitive function score at baseline and
change for every 2-year cohort. The horizontal axis indicates
the respondent’s age at the beginning and the end of the survey
period from 2002 to 2003 to 2010-11. The vertical axis indi-
cates the respondent’s predicted scores. The figures show that
for adults at older ages, there is a steeper decline over the 8-year
period in each of the cognitive function domain.

Predictors of cognitive function decline

In table 3, we report the associations between covariates and the
baseline level (intercept) and change overtime (slope) in each
domain of cognitive function for men. Increasing age, middle
and low wealth, low childhood socioeconomic status, educa-
tional attainment, limitations with ADL, physical inactivity
and dementia were related to lower baseline levels of memory,
executive function, processing speed (with the exception of low
childhood socioeconomic status) and global cognitive function
scores. In addition, CVD was related to lower baseline memory
and diabetes to lower processing speed. Higher BMI was asso-
ciated with slightly higher baseline levels of executive function
(0.011,SE 0.003) and global cognitive function (0.006,SE
0.002). Daily frequency of alcohol consumption was related with
higher levels of baseline memory (0.081,SE 0.022), executive
function (0.101,SE 0.026), processing speed (0.069,SE 0.024)
and global cognitive function (0.094,SE 0.019); smoking status
was associated with lower baseline levels of executive function
(—0.065,SE 0.033) and processing speed (—0.072,SE 0.31).
Depression was related to lower baseline executive function
(—0.076,SE 0.030) and global cognitive function (—0.054,SE
0.023).

Predictors of cognitive decline were different according to
each domain (table 3). Increasing age was associated with a
steeper decline in all domains of cognitive function. People in
the middle childhood socioeconomic status group compared
with those in the highest had significantly steeper decline in
processing speed (—0.020,SE 0.010). Low educational attain-
ment was related to a slower decline in global cognitive func-
tion (0.020,SE 0.009). Being physically inactive was related to
faster decline in global cognitive function (—0.015,SE 0.007)
and alcohol consumption to faster decline in processing speed
(—=0.017,SE 0.008). Being diagnosed with dementia was
significantly related to steeper rates of longitudinal decline in
memory (—0.413,SE 0.064), executive function (—0.198,SE
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Table 1 Summary of characteristics of participants: the English Longitudinal Study of Ageing, 2002-2003 to 2010-2011
Men Women
(n=4849) (n=5777)
Demographic
Age, year, mean, (SD) range 64.6 (9.8) 50-100 65.0 (10.2) 50-100
Socioeconomic
Wealth
High 30.8 (29.5 t0 32.1) 34.2%** (33.0 to 35.5)
Middle 336 (32.31t034.9) 339 (32.21035.2)
Low 35.6 (34.2 10 36.9) 31.9*** (30.7 t0 33.1)
Childhood SES
High 27.4 (26.1 to 28.7) 29.2 (28.1 t0 30.4)
Middle 329 (31.7 to 34.3) 31.7 (30.5 t0 32.9)
Low 39.6 (38.2 to 41.0) 39.1 (37.8 t0 40.3)
Education
High 16.4 (15.4 t0 17.5) 12.0%** (11.3t012.9)
Middle 29.5 (28.2 10 30.8) 35.4*** (34.21036.7)
Low 541 (52.6 to 55.5) 52.5%** (51.2 t0 53.8.)
Health
CVD % (95% Cl) 28.9 (27.6 10 30.2) 20.3%** (19.3t0 21.4)
Diabetes % (95% Cl) 14.7 (13.8t0 15.8) 10.5%** (9.8t011.3)
Physical functioning
ADLt % (95% Cl) 70.0 (68.7 t0 71.3) 69.5 (68.3 to0 70.6)
Poor mobility+ 17.2 (16.2 t0 18.3) 20.0*** (19.0 to 21.1)
Health behaviours
BMI 27.8 (27.7 t0 27.9) 27.9 (27.7 to0 28.0)
Current smoker 19.2 (18.1 10 20.3) 19.3 (18.3 10 20.4)
Daily alcohol consumption 4.7 (40.3 to 43.1) 26.9*** (25.8 t0 28.1)
Physically inactive 311 (29.8 t0 32.4) 41.2%%* (40.0 to 42.5)
Depression % (95% Cl) 23.8 (22.6 1025.0) 36.3*** (35.1 t0 37.6)
Ever dementia§ 3.2 (2.7t03.7) 3.1 (2.7 t0 3.6)
Cognitive function measures Mean (SD) Range Mean (SD) Range
Memory
Original score 9.2 (3.5) 0-20 9.7 3.6)*** 0-20
z-Transformed score —-0.07 (0.99) -2.7-3.0 0.06 (1.01) -2.7-3.0
Executive function
Original score 19.8 (6.4) 0-48 18.9 (6.1)*** 0-50
z-Transformed score 0.07 (1.02) -3.1-4.6 —-0.06 (0.98) -3.1-4.9
Processing speed
Original score 17.7 (5.7) 0-62 19.3 (6.1)*** 0-63
z-Transformed score -0.1.4(1.0) -3.1-7.3 -0.12 (1.0) -3.1-7.5

*P<0.05 for the gender difference.
**P<0.01.

***P<0.001.

tOne or more limitations with ADL.
tDifficulties walking 100 yards.
§Reported between baseline and wave 5.

ADL, activities of daily living; BMI, body mass index; CVD, cardiovascular disease; SES, socioeconomic status.

0.073), processing speed (—0.307,SE 0.069) and global cogni-
tive function (—0.358,SE 0.055). Those who reported being
depressed had a steeper rate of decline in executive function
(—0.022,SE 0.011) and global cognitive function (—0.020,SE
0.007).

In table 4, we report results for women. Childhood middle
socioeconomic status was related to lower baseline memory,
executive function and global cognitive function. Childhood

low socioeconomic status was related to lower processing
speed. CVD, diabetes and smoking were not associated with
any cognitive function intercepts. Poor mobility was signifi-
cantly related to lower baseline processing speed (—0.086,SE
0.031). Depression was associated with lower baseline memory
(—0.049,SE 0.022), processing speed (—0.070,SE 0.025) and
global cognitive function (—0.0746,SE 0.01), but not execu-
tive function.
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Table 2 Results of the linear growth curve model with age and sex for each cognitive function domain

Memory Executive Processing speed Global cognitive function
(standardised score)* (standardised score)* (standardised score)* (standardised score)*
Growth parameters Estimate (SE) Pvalues Estimate (SE) Pvalues  Estimate (SE) Pvalues  Estimate (SE) P values
Intercept —0.025 (0.012) <0.050 0.099 (0.013) <0.001 —-0.171 (0.013) <0.001 0.000 (0.000) na
Intercept variance 0.429 (0.011) <0.001 0.512 (0.012) <0.001 0.487 (0.012) <0.001 0.339 (0.010) <0.001
Slope -0.037 (0.004) <0.001 -0.037 (0.004) <0.001 —0.057 (0.004) <0.001 —0.057 (0.003) <0.001
Slope variance 0.007 (0.001) <0.001 0.015 (0.001) <0.001 0.010 (0.001) <0.001 0.006 (0.001) <0.001
Intercept on
Female 0.158 (0.016) <0.001 -0.120(0.017) <0.001 0.288 (0.017) <0.001 0.099 (0.004) <0.010
Age —0.038 (0.001) <0.001 —0.030 (0.001) <0.001 —0.028 (0.001) <0.001 —0.037 (0.001) <0.001
Slope on
Female 0.008 (0.005) 0.158 0.009 (0.006) 0.123 0.008 (0.005) 0.121 0.013 (0.002) <0.010
Age —0.004 (0.000) <0.001 —0.005 (0.000) <0.001 —0.003 (0.000) <0.001 —0.005 (0.000) <0.001
Intercept and slope correlation 0.011 (0.003) <0.001 0.002 (0.003) 0.488 —0.019 (0.003) <0.001 0.000 (0.002) 0.967
Model fit
CFI 0.991 0.996 0.997 0.976
TL 0.989 0.994 0.996 0.969
RMSEA 0.031 0.021 0.017 0.036
n 10626 10626 10626 10626

*To the z-score, mean 0 and SD 1.

CFl, Comparative Fit Index; RMSEA, root mean-square error of approximation; TLI, Tucker—Lewis Index.

Poor mobility was significantly related to a steeper decline
in memory (—0.020,SE 0.010). Being physically inactive was
related to faster decline in memory (—0.018,SE 0.009) and
global cognitive function (—0.016,SE 0.007). Being a current
smoker was only related to faster decline in processing speed
and global cognitive function. Low education was related
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Figure 2 Vector graphs showing the predicted 8-year trajectories of women of memory, executive function, processing speed and global cognitive
function for 2-year cohorts, English Longitudinal Study of Ageing 2002-2003 to 2010-2011.

(0.016,SE 0.004,p<0.001) than men (online supplementary
table S1).

Sensitivity analyses

In supplementary materials (online supplementary tables
S$2-S5 and figures S1-S2), we report the results restricted to
completers, that is, respondents who were present in all five
measurement occasions (4157 individuals of which 2332 are
women). In general, completers reported higher initial levels of
cognitive function and slower rates of decline; fewer predictors
were related to initial levels and rate of change in each cogni-
tive domain; nevertheless, the overall conclusions remained
unchanged.

Results of the sensitivity analysis for participants aged 60+
years atbaseline are reported in online supplementary tables
S6-S7. Smoking status was not related to decline in processing
speed in this sample; among women, walking difficulties were
not related to the decline in memory, whereas depression was
found to be a significant predictor of executive function.

DISCUSSION

Main results

In the present study, we examined age trajectories of cognitive
function over an 8-year period and factors related to them in
a nationally representative sample of older adults in England.
There are two main findings. First, memory and executive func-
tion processing speed declined significantly over time, and the
decline was steeper at older ages. Global cognitive function
declined less rapidly in women compared with men. Second,
we found several factors significantly related to initial levels
of cognitive function, and fewer were predictive of cognitive
decline. Age and a dementia diagnosis were related to a steeper
decline in all cognitive function domains for both men and

women. Depression predicted a steeper decline in executive and
global cognitive function in men only. Physical inactivity was
a predictor of decline in memory in women and global cogni-
tive function in men and women. Processing speed and global
cognitive function declined more steeply among women who
were current smokers. For both men and women, limitations
with ADL were related to a steeper decline in global cognitive
function; additionally for women, poor mobility was related
to a steeper decline in memory. Low education attainment was
related to a steeper decline in memory for women; however,
for global cognitive function, there was a positive effect of
education on rate of change. Women in the lowest group of
childhood socioeconomic status had significantly less decline in
global cognitive function and memory, respectively, than those
in the highest groups. After adjusting for all risk factors, women
reported slower declines in memory, executive and global cogni-
tive function than men.

Comparisons with other studies

In accordance with previous studies, our results also showed
that whereas most of the factors explored were related to initial
levels of cognitive function, fewer of these predicted cognitive
decline.’ ®? For example, our results confirmed that increasing
BMI was protective, although not strongly in magnitude, against
lower initial levels of cognitive function, but no associations
were found with cognitive decline.’® 32 A possible explanation
is that body fat contains leptin, which may be protective of poor
cognitive function in old age.”> Another possible explanation is
that in older people loss of lean body mass is common, therefore,
higher lean body mass may reduce the risk of poor cognitive
function.™
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It has been suggested that moderate alcohol consumption is
protective against poorer cognitive function and faster rate of
cognitive decline, which might be mediated through cardiovas-
cular risk factors.'* Similar to studies on the effect of moderate
alcohol consumption on cognitive function,” we found that
daily alcohol consumption compared with less than daily was
protective against poorer baseline cognitive function. However,
in contrast with results of a British cohort study,*® we found that
daily alcohol consumption was associated with faster decline in
processing speed among men. Our result of faster rates of decline
in processing speed and global cognitive function among women
who were current smokers compared with never smokers is in
accordance with a meta-analyses of the effect of smoking on
cognitive function decline."

We showed that wealth and education contributed to the
initial levels of cognitive function as previously reported,” ** but
only to a faster rate of change of memory in women. Our results
also showed that men in the lowest group of childhood socio-
economic status and women in the lowest education group had a
slower decline in global cognitive function compared with those
in the highest group. This could be partly due to the low initial
level of cognitive function or to a confounding effect. To further
investigate if this was the case, we conducted analyses in which
predictors were entered one at the time, and we found that low
childhood socioeconomic status and education were not signifi-
cantly related to the slope of cognitive function (results available
on request); however, when wealth, health and health behaviour
variables were added into the model, the relationship became
significant, suggesting that these factors were confounding the
relationship between low childhood socioeconomic status,
education and decline in cognitive function.

Poor physical functioning was only associated with the decline
in global cognitive function among men and women and in
memory among women. Several explanations can be hypoth-
esised. First, we were not able to distinguish between those
severely impaired from those less impaired. It is possible that only
those who experience greater levels of physical impairment also
experience more cognitive decline. Second, when we included
gait speed, an objective measure of physical functioning, in the
sample of those aged 60 years and over, in contrast with other
studies,”” we found that this was not related to the rate of change
of any domain of cognitive function. It is possible that, by using
time-invariant variables, we were not able to detect the dynamic
relationships between physical functioning and cognitive func-
tioning. Results from a national sample of older adult partici-
pants of the Swedish Adoption/Twin Study of Ageing indicate
that changes in pulmonary function,” fine motor movement®®
and grip strength®® were related to changes in cognitive func-
tion. In future work, we shall consider using similar time-varying
measures of physical functioning.

Our results on gender differences in the rate of cognitive
decline are in agreement with a recent study that showed that
older women had greater resilience to age-related cognitive
decline compared with men."”

Strengths and limitations

The strengths of this study include the use of a large nationally
representative sample of the English population aged 50 years
and over with a long follow-up duration.”® This is the first study
among the family of the USA’'s HRS ageing studies to investigate
concurrently factors related to three distinctive measures of cogni-
tive function. Therefore, our findings make a unique contribu-
tion to the emerging longitudinal studies of ageing designed to be

comparable with our study. A limitation of our study is that data on
cognitive function were not collected before the age of 50 years,
it is possible that the decline in cognitive function, and in partic-
ular of processing speed, occurred from younger ages. A second
limitation is that each cognitive function domain was assessed by a
single task; having multiple tests per domain is preferable. Third,
we treated all covariates as time invariant; although there was no
change over time in depression, smoking, alcohol consumption
and physical activity, it is possible that changes in health and phys-
ical function over time were related to changes in cognitive func-
tion. This should be the subject of a future report. Another possible
limitation is practice effects, common to all longitudinal studies of
cognition. To further investigate the possibility of practice effects in
our sample, we compared the average scores of people of the same
age but who were taking the test for the first, second, third and
so on occasion.* We found minimal evidence of practice effects
between the first and second occasion and no evidence of practice
effects between the second and subsequent occasions. While attri-
tion is a perennial source of bias in longitudinal studies of ageing,
the results of our sensitivity analysis suggest that this did not unduly
influence our results. Although we cannot entirely rule out that the
missingness is purely at random, by ascertaining that the trajectory
parameters were reasonably insensitive to variations in the values
of missing data, we could conclude that the underlying reasons for
missingness were not important.

CONCLUSIONS

Our results have potentially important implications for the under-
standing of age-related cognitive decline and factors related to it.
Assessing changes in cognitive function from mid-life onwards
can help in identifying those who are at risk for progressing to
mild cognitive impairment and those at risk of dementia. The
health consequences of cognitive decline have been well docu-
mented, with studies reporting increased disability, decreased

What is already known on this subject

» Lower cognitive function and cognitive decline increase the
risk of mortality, disability and poor quality of life. As such,
understanding the natural history of age-related cognitive
decline is important for early prevention.

» Although a few studies have explored predictors of cognitive
decline in later life, results are inconclusive as to which
factors could help in maintaining cognitive function.

What this study adds

» Using a nationally representative sample of older adults
in England, we found that memory, executive function,
processing speed and global cognitive function all declined
significantly from early old age, and the decline was steeper
at older ages.

» After adjustment, memory, executive and global cognitive
function declined less rapidly in women compared with men.

» Age and dementia were related to a steeper decline in all
cognitive function domains. Low education, poor physical
functioning, depression and modifiable risk factors such as
alcohol consumption, smoking and physical inactivity were
all related to steeper decline in some cognitive function
domains.
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quality of life and loss of independence.® This being the case, a
better understanding of the determinants of cognitive decline is
important.

Acknowledgements The EnglishLongitudinal Study of Ageing was developed by a
team of researchers based atthe University College London, NatCen Social Research,
the Institute for FiscalStudies and the University ofManchester.

Contributors PZ, GDB and IJD designed and conducted the study. PZ analysed the
data with support from MA. PZ and GDB wrote the manuscript. All authors reviewed
the manuscript.

Funding ELSA is funded by the National Institute on Aging in the United

States (grants 2RO1AG7644-01A1 and 2R0O1AG017644) and a consortium of

UK government departments coordinated by theEconomic and Social Research
Council. Data were made available through the UK Data Service. MA and 1JD

are supported by the University of Edinburgh Centre for Cognitive Ageing and
Cognitive Epidemiology, which is funded by the Medical Research Council and the
Biotechnology and Biological Sciences Research Council (grant no MR/K026992/1).

Competing interests None declared.

Patient consent Not required.

Ethics approval Multicentre Research and Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement ELSA data are available for free upon registration to the
UK Data Service (https://www.ukdataservice.ac.uk/).

Open Access This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others
to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Sabia S, Singh-Manoux A, Hagger-Johnson G, et a/. Influence of individual and
combined healthy behaviours on successful aging. CMAJ 2012;184:1985-92.

2 Batty GD, Deary I, Zaninotto P. Association of cognitive function with cause-specific
mortality in middle and older age: follow-up of participants in the english longitudinal
study of ageing. Am J Epidemiol 2016;183-183-90.

3 Plassman BL, Williams JW, Burke JR, et al. Systematic review: factors associated with
risk for and possible prevention of cognitive decline in later life. Ann Intern Med
2010;153:182-U88.

4 Wilson RS, Beckett LA, Barnes LL, et al. Individual differences in rates of change in
cognitive abilities of older persons. Psychol Aging 2002;17:179-93.

5 Hedden T, Gabrieli JD. Insights into the ageing mind: a view from cognitive
neuroscience. Nat Rev Neurosci 2004;5:87-96.

6 Deary I, Corley J, Gow AJ, et al. Age-associated cognitive decline. Br Med Bull
2009;92:135-52.

7 Horn JL, Cattell RB. Age differences in fluid and crystallized intelligence. Acta Psychol
1967;26-107-29.

8 Salthouse TA. Correlates of cognitive change. J Exp Psychol Gen 2014;143-1026-48.

9 Ritchie SJ, Tucker-Drob EM, Cox SR, et al. Predictors of ageing-related decline across
multiple cognitive functions. Intelligence 2016;59:115-26.

10 Chodosh J, Miller-Martinez D, Aneshensel CS, et al. Depressive symptoms, chronic
diseases, and physical disabilities as predictors of cognitive functioning trajectories in
older Americans. J Am Geriatr Soc 2010;58:2350-7.

11 Kohler S, van Boxtel MP, van Os J, et al. Depressive symptoms and cognitive decline in
community-dwelling older adults. J Am Geriatr Soc 2010;58:873-9.

12 van Hooren SAH, Valentijn SAM, Bosma H, et al. Relation between health status and
cognitive functioning: a 6-year follow-up of the maastricht aging study. / Gerontol B
Psychol Sci Soc Sci 2005;60:P57—-P60.

13 Okonkwo OC, Cohen RA, Gunstad J, et al. Longitudinal trajectories of cognitive
decline among older adults with cardiovascular disease. Cerebrovasc Dis
2010;30:362-73.

14

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Beydoun MA, Beydoun HA, Gamaldo AA, et al. Epidemiologic studies of modifiable
factors associated with cognition and dementia: systematic review and meta-analysis.
BMC Public Health 2014;14:643.

Anstey KJ, von Sanden C, Salim A, et al. Smoking as a risk factor for dementia

and cognitive decline: a meta-analysis of prospective studies. Am J Epidemiol
2007;166:367-78.

Finkel D, Reynolds CA, McArdle JJ, et a/. Latent growth curve analyses of
accelerating decline in cognitive abilities in late adulthood. Dev Psychol
2003;39:535-50.

McCarrey AC, An Y, Kitner-Triolo MH, et al. Sex differences in cognitive trajectories in
clinically normal older adults. Psychol Aging 2016;31:166-75.

Tucker-Drob EM, Johnson KE, Jones RN. The cognitive reserve hypothesis: a
longitudinal examination of age-associated declines in reasoning and processing
speed. Dev Psychol 2009;45:431-46.

Lyu J, Burr JA. 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.

Salthouse TA. When does age-related cognitive decline begin? Neurobiol Aging
2009;30:507-14.

Nilsson LG, Sterndng O, Rénnlund M, et al. Challenging the notion of an early-onset
of cognitive decline. Neurobiol Aging 2009;30-521-4.

Sonnega A, Faul JD, Ofstedal MB, et a/. Cohort Profile: the Health and Retirement
Study (HRS). Int J Epidemiol 2014;43-576-85.

Steptoe A, Breeze E, Banks J, et al. Cohort profile: the English longitudinal study of
ageing. Int J Epidemiol 2013;42-1640-8.

Radloff LS. The CES-D scale: a self-report depression scale for research in the general
population. App/ Psychol Meas 1977;1:385-401.

Steffick DE. Documentation of affective functioning measures in the health and
retirement study. HRS/AHEAD Documentation Report DR 2000;005.

Muthén LK, Muthén BO. Mplus User's Guide. Seventh Edn. Los Angeles, CA: Muthén
& Muthén 1998, 2012.

Artbuckle JL. Full Information Estimation in the Presence of Incomplete Data. In:
Marcoulides GA, Schumacker RE, Advanced structural equation modeling. Issues and
techniques. Mahwah, NJ: Lawrence Erlbaum Associates, 1996:243-77.

Allerhand M, Gale CR, Deary 1J. The dynamic relationship between cognitive function
and positive well-being in older people: a prospective study using the English
Longitudinal Study of Aging. Psychol Aging 2014,29:306—18.

Emery CF, Finkel D, Pedersen NL. Pulmonary function as a cause of cognitive aging.
Psychol Sci 2012;23:1024-32.

Widaman KF, Ferrer E, Conger RD. Factorial invariance within longitudinal structural
equation models: measuring the same construct across time. Child Dev Perspect
2010;4:10-18.

Mirowsky J, Kim JY. Graphing age trajectories - Vector graphs, synthetic and virtual
cohort projections, and cross-sectional profiles of depression. Sociological Methods &
Research 2007:35:497-541.

Gunstad J, Lhotsky A, Wendell CR, et a/. Longitudinal examination of obesity

and cognitive function: results from the Baltimore longitudinal study of aging.
Neuroepidemiology 2010;34:222-9.

Zeki Al Hazzouri A, Haan MN, Whitmer RA, et a/. Central obesity, leptin and cognitive
decline: the Sacramento Area Latino Study on Aging. Dement Geriatr Cogn Disord
2012;33:400-9.

Douketis JD, Paradis G, Keller H, et al. Canadian guidelines for body weight
classification in adults: application in clinical practice to screen for overweight and
obesity and to assess disease risk. CMAJ 2005;172:995-8.

Beydoun MA, Gamaldo AA, Beydoun HA, et al. Caffeine and alcohol intakes and
overall nutrient adequacy are associated with longitudinal cognitive performance
among U.S. adults. / Nutr 2014;144:890-901.

Richards M, Hardy R, Wadsworth ME. Alcohol consumption and midlife cognitive
change in the British 1946 birth cohort study. Alcohol Alcohol 2005;40:112-7.

Gale CR, Allerhand M, Deary IJ. Is there a bidirectional relationship between
depressive symptoms and cognitive ability in older people? A prospective study using
the English Longitudinal Study of Ageing. Psychol Med 2012;42:2057-69.

Finkel D, Ernsth-Bravell M, Pedersen NL. Temporal dynamics of motor functioning and
cognitive aging. J Gerontol A Biol Sci Med Sci 2016;71:109-16.

Sterndng O, Reynolds CA, Finkel D, et al. Grip strength and cognitive abilities:
associations in old age. J Gerontol B Psychol Sci Soc Sci 2016;71:841-8.

Salthouse TA. Influence of age on practice effects in longitudinal neurocognitive
change. Neuropsychology 2010;24:563-72.

10 Zaninotto P, et al. J Epidemiol Community Health 2018;0:1-10. doi:10.1136/jech-2017-210116

“ybuAdoa Aq parosioid 1sanb Aq 810z |dy 9z uo Jwod fwqg yssly:dny woly papeojumod ‘8102 |Udy $2 U0 9TT0TZ-2T0Z-Y22l/9€TT 0T Se payslignd 1sii :YijeaH Alunwwo) |olwapid3 ¢


https://www.ukdataservice.ac.uk/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1503/cmaj.121080
http://dx.doi.org/10.1093/aje/kwv139
http://dx.doi.org/10.7326/0003-4819-153-3-201008030-00258
http://dx.doi.org/10.1037/0882-7974.17.2.179
http://dx.doi.org/10.1038/nrn1323
http://dx.doi.org/10.1093/bmb/ldp033
http://dx.doi.org/10.1016/0001-6918(67)90011-X
http://dx.doi.org/10.1037/a0034847
http://dx.doi.org/10.1016/j.intell.2016.08.007
http://dx.doi.org/10.1111/j.1532-5415.2010.03171.x
http://dx.doi.org/10.1111/j.1532-5415.2010.02807.x
http://dx.doi.org/10.1093/geronb/60.1.P57
http://dx.doi.org/10.1093/geronb/60.1.P57
http://dx.doi.org/10.1159/000319564
http://dx.doi.org/10.1186/1471-2458-14-643
http://dx.doi.org/10.1093/aje/kwm116
http://dx.doi.org/10.1037/0012-1649.39.3.535
http://dx.doi.org/10.1037/pag0000070
http://dx.doi.org/10.1037/a0014012
http://dx.doi.org/10.1177/0898264315585504
http://dx.doi.org/10.1016/j.neurobiolaging.2008.09.023
http://dx.doi.org/10.1016/j.neurobiolaging.2008.11.013
http://dx.doi.org/10.1093/ije/dyu067
http://dx.doi.org/10.1093/ije/dys168
http://dx.doi.org/10.1037/a0036551
http://dx.doi.org/10.1177/0956797612439422
http://dx.doi.org/10.1111/j.1750-8606.2009.00110.x
http://dx.doi.org/10.1159/000297742
http://dx.doi.org/10.1159/000339957
http://dx.doi.org/10.1503/cmaj.045170
http://dx.doi.org/10.3945/jn.113.189027
http://dx.doi.org/10.1093/alcalc/agh126
http://dx.doi.org/10.1017/S0033291712000402
http://dx.doi.org/10.1093/gerona/glv110
http://dx.doi.org/10.1093/geronb/gbv017
http://dx.doi.org/10.1037/a0019026
http://jech.bmj.com/

	Cognitive function trajectories and their determinants in older people: 8 years of follow-up in the English Longitudinal Study of Ageing
	Abstract
	Introduction
	Methods
	Data sources
	Measures
	Statistical analyses

	Results
	Age trajectories of cognitive function
	Predictors of cognitive function decline
	Sensitivity analyses

	Discussion
	Main results
	Comparisons with other studies
	Strengths and limitations

	Conclusions
	References


