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Background.  Cognitive decline is a major risk factor for disability, dementia, and death. The use of Internet/E-mail, 
also known as digital literacy, might decrease dementia incidence among the older population. The aim was to investigate 
whether digital literacy might be associated with decreased cognitive decline in older adulthood.

Methods.  Data from the English Longitudinal Study of Aging cohort with 6,442 participants aged 50–89 years, fol-
lowed for 8 years, with baseline cognitive testing and four additional time points. The main outcome variable was the 
relative percentage change in delayed recall from a 10-word-list learning task across five separate measurement points. In 
addition to digital literacy, socioeconomic variables, including wealth and education, comorbidities, and baseline cogni-
tive function were included in predictive models. The analysis used Generalized Estimating Equations.

Results.  Higher education, no functional impairment, fewer depressive symptoms, no diabetes, and Internet/E-mail 
use predicted better performance in delayed recall.

Conclusions.  Digital literacy may help reduce cognitive decline among persons aged between 50 and 89 years.
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Cognitive decline (CD) often begins in individuals aged 
between 45 and 60 years (1). Studies have reported sev-

eral risk factors for the incidence of CD, including social and 
demographic factors, diseases like hypertension, arterioscle-
rosis, and diabetes, genes, functional capacity, and nutrition. 
Social and cognitive activity can be protective factors (2–5).

Over the last 10 years, there has been a marked increase 
in computer and Internet use in older adulthood, such that 
56% of those aged between 65 and 74 years, have Internet 
access (6). This widespread achievement, often known as dig-
ital literacy (DL), represents the ability to engage, plan, exe-
cute, and evaluate digital actions such as web browsing and 
exchanging E-mails as aids for dealing with daily life tasks 
(7). Digital literacy may also reduce the incidence of demen-
tia (8). In the United Kingdom, recent estimates suggest that 
dementia prevalence may be lower than previously thought, 
and this decrease is possibly related to reductions in modifi-
able risk factors (9). This enables the hypothesis that changes 
in Internet/E-mail use status over time might be related to 
changes in memory status. However in 2014 6,4 million in 

the United Kingdom have never used the Internet, with 74% 
of those over 65 years and half from socially disadvantaged 
backgrounds (10), which are at higher risk of developing 
dementia and would benefit more from DL inclusion policies. 
This study aims to investigate whether Internet/E-mail use 
might be associated with decreased CD in older adulthood.

Methods

Design, Setting, and Participants
Data from English Longitudinal Study of Aging (ELSA), 

a biennial prospective observational study, nationally repre-
sentative of England, of people aged 50 years  or older (11). 
Data from 8 years of follow-up (5 waves: 2002–2011) were 
utilized. At Wave 1, 11,391 participants were interviewed 
(age 64.99 ± 9.97 years, 54.26% women). Our sample con-
sisted of 6,442 participants with data from at least three 
time intervals, 114 participants aged 90 years or older were 
excluded due to lack of data on the use of Internet/E-mail. 
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The study was approved by the National Research Ethics 
Service.

Measurements
The outcome was the delayed 10 word-list learning recall 

calculated as its relative percentage change over each inter-
val between surveys t
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sidering the ceiling (10 words) and the floor (zero words), 
presenting a variation from –100% to +100%. This measure 
accounts for the ceiling and the floor effects (12) reflecting 
individual change accurately (13). Our main predictor for 
DL was “I use Internet or E-mail: yes/no” calculated for 
each time interval and categorized into three groups: current 
user of Internet/E-mail (answered yes at both interval time 
points), intermittent user (answered no at one time point 
and yes at the other), and nonuser (answered no at both time 
points). Socioeconomic variables were education measured 
as the highest qualification achieved (degree or equivalent, 
intermediate, and no qualification), and total net (non-
pension) household wealth categorized in quartiles, both 
measured at t

0
 (11). Age at t

0
 was classified using 10-year 

age groups (50–59  years, 60–69  years, 70–79  years, and 
80–89 years). Based on the risk of dementia, low cognitive 
function at t

0
 was defined as “yes” (0–3 words recalled), or 

“no” (4–10 words recalled), and used for stratification and 
adjustment purposes (14).

Functional impairment, diabetes, cardiovascular diseases, 
and depressive symptoms were assessed at the beginning of 
each time interval (t

0
, t

1
, t

2
, and t

3
). Functional impairment 

(self-reported) included six activities of daily living and 
seven instrumental activities of daily living. It was catego-
rized as difficulty in at least one of the 13 activities or no dif-
ficulty. Information on diabetes and cardiovascular diseases 
were self-reported doctor-diagnoses. The eight-item scale 
from the Centre of Epidemiological Studies—Depression 
was used with a score of ≥4 points to define cases of depres-
sion (15).

Statistical Analysis
Unadjusted and adjusted beta regression coefficients 

and 95% confidence intervals were calculated through 
Generalized Estimating Equations (GEE), unstructured 
within-group correlation, and robust variance estimator (12, 
16). The bivariate analyses consisted of calculating mean 
relative percentage changes of the outcome for subgroups 
of gender, age, education, wealth quartiles, DL, functional 
impairment, diabetes, depressive symptoms, and cardiovas-
cular diseases, stratified for low cognitive function at base-
line (yes/no). For multiple analyses, we used the modeling 
of changes between two consecutive measurements of both 
the outcome variable and the main predictor (not abso-
lute values at each time-point). Therefore, a person could 
change from the status of “current user” of Internet/E-mail 

to “intermittent” and then “nonuser” between time intervals. 
According to Twisk (16), this model can handle the predictor 
longitudinal effect over time (within subjects effect) and not 
the cross-sectional effect (between subjects). Because there 
were five time points, four consecutive intervals were used 
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dictor and the outcome was also established, through 2-year 
lagged models, in which DL in the preceding interval was 
related to the relative percentage delayed recall change in the 
subsequent interval. All models were adjusted for age, gender, 
time, and low cognitive function at t

0
. Adjusted analyses were 

performed in three steps. The first model included wealth and 
education. The second model included DL (changes in use of 
Internet/E-mail) because, as a recent phenomenon in society, 
we wanted to see its effect on socioeconomic status (SES) 
and aging. Functional impairment, diabetes, cardiovascu-
lar diseases, depressive symptoms, and risk factors for CD 
were included in the third model. Statistical significance was 
determined at p < .05. Interactions between the DL, gender, 
age, and wealth were also tested in the multiple analyses. 
All analyses were performed using Stata 11.0. To evaluate 
homogeneity in Generalized Estimating Equations models, 
other covariance structures were tested. Nonlagged models 
comparing the entire sample with our analytic sample were 
tested in order to address attrition.

Results
The mean baseline age was 63.5  ± 9.1  years, 55.3% 

were female, 13.8% had a degree, 29.7% had low cogni-
tive function at baseline, 23.2% had functional impairment, 
6.1% had diabetes, and 35.1% used Internet/E-mail at t

0
 

(Table 1). In total, 78.3% had complete follow up, from t
0
 to 

t
4
 with dropouts more likely to be older, male, less educated, 

poorer, with lower baseline cognition, and non/infrequent 
users of Internet/E-mail.

There was a significant decline in delayed recall over 
time of –3.6% (95% CI: –4.03 to –3.31) which was higher 
in the oldest and lower cognitive function groups at base-
line (Table 2). Higher baseline wealth and education pre-
dicted lower decline, and people with a degree improved 
in delayed recall. People with functional impairment, dia-
betes, cardiovascular diseases, or depressive symptoms had 
a significant decline in recall. People who reported being 
nonusers of Internet/E-mail and intermittent users showed 
decline, whereas current users increased their delayed recall 
capability, and the difference was almost 8.63% over the 
follow up with a strong effect size of 0.996. The same pro-
file was observed in the stratified analysis. As expected, the 
group with lower cognitive function at baseline presented 
higher CD, but even for this group there was a significant 
variation in percentage change of the word recall, with bet-
ter performance for those who used Internet/E-mail.

Multiple analyses (Table 3) confirmed the bivariate one. 
Model 1 shows the social gradient of wealth on delayed 
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recall, adjusted for age, gender, education, time, and cogni-
tive function at t

0
. In Model 2, when the changes in use of 

Internet/E-mail were added to the model, the effect of wealth 
was reduced. Model 3 shows that when physical disability, 

depression, and diabetes were added, the effect of wealth 
was no longer significant. Cardiovascular diseases were 
excluded from the model because their effect was nonsignifi-
cant. Increased use of Internet/E-mail was associated with 

Table 1.  Sample Characteristics at Baseline by Covariates Among Older Adults From English Longitudinal Study of Aging,  
England, 2002–2003

N % 95% CI

Gender Female 3562 55.3 54.1–56.5
Age 50–59 years 2615 40.6 39.4–41.7

60–69 years 2105 32.7 31.5–33.8
70–79 years 1329 20.6 19.6–21.6
≥80 years 393 6.1 5.5–6.7

Education Degree 886 13.7 12.9–14.6
Intermediate 3301 51.2 50.0–52.5
No education 2255 35.0 33.8–36.2

Low cognitive function Yes (0–3 words recalled) 1899 29.7 28.5–30.7
No (4–10 words recalled) 4500 70.3 69.2–71.5

Functional impairment Difficulties performing ADLs/IADLs 1492 23.2 22.1–24.2
Diabetes Self-reported diabetes 398 6.2 55.9–67.7
Cardiovascular diseases Self-reported cardiovascular diseases 3093 48.0 46.8–49.2
Depressive symptoms 4 or more points on CES-D scale 851 13.3 12.5–14.2
Digital literacy Use of Internet/E-mail 2207 35.1 33.9–36.3

Notes: ADLs = activities of daily living; CES-D scale = Centre of Epidemiological Studies Depression scale; IADLs = instrumental activities of daily living.

Table 2.  Mean Relative Percentage Changes in Delayed Recall Between Time Intervals and 95% Confidence Intervals According to Age, 
Gender, Wealth Quartile, Education, Physical Disability, Diabetes, Cardiovascular Diseases, Depressive Symptoms, and Digital Literacy, 

English Longitudinal Study of Aging, England, 2002–2010

Total

95% CI

Low Cognitive Function at Baseline*

Yes No

Mean† Mean† 95% CI Mean† 95% CI

Total –3.67 –4.03 to –3.31 –7.41 –8.18 to –6.63 –2.05 –2.44 to –1.65
Men‡ (n = 2,859) 50–64 –0.74 –1.29 to –0.19 –2.06 –3.45 to –0.67 –0.32 –0.91 to 0.27

65–89 –9.87 –10.75 to –8.99 –11.77 –13.23 to –10.32 –8.06 –9.11 to –7.01
Women‡ (n = 3,540) 50–64 1.44 0.87 to 2.01 0.55 –1.01 to 2.13 1.84 1.23 to 2.45

65–89 –9.16 –9.97 to –8.35 –11.52 –12.91 to –10.13 –7.56 –8.54 to –6.59
Wealth quartile‡ (n = 6,397) 1st (poorest) –7.58 –8.41 to –6.74 –10.99 –12.44 to –9.55 –5.33 –6.33 to –4.33

2nd –4.98 –5.74 to –4.23 –8.82 –10.43 to –7.21 –3.20 –4.01 to –2.38
3rd –2.69 –3.44 to –1.95 –5.36 –7.05 to –3.66 –1.72 –2.53 to –0.90

4th (wealthiest) 0.16 –0.54 to 0.86 –1.64 –3.39 to 0.12 0.74 –0.00 to 1.49
Education‡ (n = 6,399) Degree 2.01 1.09 to 2.92 –0.02 –2.76 to 2.71 2.72 1.77 to 3.67

Intermediate –2.13 –2.60 to –1.67 –5.01 –6.15 to –3.88 –1.15 –1.65 to –0.65
No qualification –8.39 –9.02 to –7.74 –10.36 –11.47 to –9.25 –6.64 –7.50 to –5.99

Functional impairment§ (ADLs/ 
IADLs) (n = 6,399)

No –2.10 –2.50 to –1.70 –5.04 –6.00 to –4.09 –0.96 –1.39 to –0.53
Yes –7.94 –8.79 to –7.08 –11.63 –13.10 to –10.16 –5.52 –6.53 to –4.51

Diabetes§ (n = 5,516) No –3.34 –3.72 to –2.96 –7.01 –7.85 to –6.18 –1.83 –2.24 to –1.42
Yes –7.23 –8.49 to –5.96 –10.35 –12.56 to –8.13 –4.88 –6.37 to –3.40

Cardiovascular diseases§ (n = 6,442) No –1.65 –2.17 to –1.12 –5.03 –6.33 to –3.74 –0.41 –0.96 to 0.13
Yes –5.21 –5.71 to –4.72 –8.79 –9.76 to –7.81 –3.41 –3.97 to –2.84

Depressive symptoms§ (n = 6,360) No –2.74 –3.14 to –2.34 –6.66 –7.52 to –5.80 –1.67 –2.09 to –1.25
Yes –6.68 –7.81 to –5.55 –10.41 –12.57 to –8.26 –4.78 –6.12 to –3.43

Digital literacy (use of Internet/E- 
mail)§ n = 6,259

No user –7.12 –7.69 to -6.65 –8.66 –9.70 to –7.63 –6.01 –6.67 to –5.34
Intermittent –1.83 –3.09 to –0.57 –3.50 –6.24 to –0.75 –1.24 –2.54 to 0.16

Current user 1.58 1.06 to 2.10 0.27 –1.13 to 1.68 1.95 1.39 to 2.51

Notes: ADLs = activities of daily living; IADLs = instrumental activities of daily living.
*Low cognitive function at baseline: 0 to 3 words recalled (yes); 4 to 10 words recalled (no).
†Mean estimated through Generalized Estimating Equations.
‡Measured at baseline (t

0
).

§Measured at baseline and at each of the four follow-up interviews (from t
0
 to t

4
).
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significant improvement in delayed recall over time intervals. 
People who were current users of Internet/E-mail presented 
an improvement of 3.07% in delayed recall when compared 
with those who were nonusers of Internet/E-mail. This 
effect remained after full adjustment. The interactions tested 
between DL, age, gender, and wealth were nonsignificant. 
The other covariance structures and the comparison between 
the whole sample and the analytic sample yielded similar 
results, showing that the dropouts did not affect the results.

Discussion
This is the first major study to show that being digitally 

literate can improve memory, and benefits of looking at 
within-individual variation (trajectory) using repeated meas-
urement of memory over several years, repeated assessment 
of Internet/E-mail use over time and measure of relevant 
SES and health covariates, in a large prospective cohort.

The effect of DL was independent of age and SES and 
may suggest that DL increases brain and cognitive reserve 
(17,18) or leads to the employment of more efficient cog-
nitive networks to delay CD (19). This effect was found 
even in more at risk groups (ie, lower cognitive function 
at baseline) whose cognitive trajectories were also well 

captured by the percentage change measure. Known risk 
factors like increasing age, depressive symptoms, diabetes, 
and functional impairment were also linked to CD (20). In 
line with other studies, we found that lower CD was linked 
with higher education (21). Study limitations include the 
absence of information about frequency of E-mail/Internet 
use. To minimize practice effects, the ELSA questionnaire 
used four different and validated 10 word lists to access 
delayed recall in each wave. The significative increase in 
memory found even in the low cognitive group makes prac-
tice effect an improbable possibility because this is not easy 
to occur in this type of population (22). However, the pos-
sibility of practice effect particularly among higher cogni-
tive groups, rather than a true gain in effect, especially from 
Internet/E-mail use cannot be completely ruled out.

Potential selection bias due to participant losses was 
addressed through sensitivity analysis and was less likely 
to occur because the comparison between the whole sample 
and the analytic sample yielded similar results.

In line with our results, another study within the same 
population showed DL can also decrease the incidence of 
instrumental activities of daily living impairment, which 
often coincides with CD, as it is part of the dementia pro-
cess itself (23).

Table 3.  Adjusted Relative Percentage Change in Delayed Recall Over Covariates Among Older Adults From English Longitudinal Study of 
Aging, England, 2002–2010

Model 1* Model 2† Model 3‡

Coeff§ 95% CI p|| Coeff§ 95% CI p|| Coeff§ 95% CI p||

Wealth quartile <.001 .007 .089
  1st (poorer) Ref Ref Ref
  2nd 0.34 –0.96 to 1.64 0.18 –1.19 to 1.55 –0.23 –1.61 to 1.12
  3rd 1.62 0.33 to 2.91 1.05 –0.32 to 2.43 0.56 –0.83 to 1.94
  4th (wealthiest) 2.42 1.15 to 3.69 1.69 0.32 to 3.07 0.89 –0.51 to 2.30
Education <.001 <.001 <.001
  Degree Ref Ref Ref
  Intermediate –2.74 –3.95 to 1.53 –1.81 –3.13 to -0.51 –1.88 –3.19 to –0.57
 N one –5.38 –6.79 to 3.98 –3.77 –5.34 to –2.19 –3.85 –5.43 to –2.29
Digital literacy (use of Internet/E-mail) <.001 <.001
 N o user Ref Ref
  Intermittent user 2.83 1.22 to 4.45 2.54 0.93 to 4.15
  Current user 3.30 2.22 to 4.39 3.07 1.97 to 4.17
Functional impairment  

(difficulty performing ADLs/IADLs)
.001

 N o Ref
  Yes –1.91 –3.14 to –0.68
Depressive symptoms .008
 N o Ref
  Yes –2.20 –3.84 to –0.56
Diabetes .050
 N o Ref
  Yes –1.74 –3.44 to –0.05

Notes: ADLs = activities of daily living; IADLs = instrumental activities of daily living. Significant p values in bold numbers.
*Model 1 is adjusted for age, gender, time, baseline cognitive function, wealth, and education.
†Model 2 is adjusted for all covariates from Model 1 along with digital literacy.
‡Model 3 is the fully adjusted model (adjusted for all covariates from Model 2 along with digital literacy, physical disability, depressive symptoms, and diabetes).
§The estimates are beta regression coefficients with 95% confidence intervals (95% CI) calculated through 2-year lagged Generalized Estimating Equations 

models.
||p values from Wald test.
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The ELSA cohort has also showed DL can improve 
healthy behaviors such as physical activity, higher con-
sumption of fruits and vegetables, less smoking, and more 
adhesion to cancer screening (24) leading to a better health 
and, consequently, better outcomes. The national repre-
sentativeness of ELSA adds to the robustness of the results 
which indicate that DL is an independent protective factor 
against CD. Countries where policy interventions regard-
ing improvement in DL are implemented may expect lower 
incidence rates for dementia over the coming decades.

Funding

The English Longitudinal Study of Ageing was developed by a team of 
researchers based at University College London, the Institute for Fiscal 
Studies and the National Centre for Social Research. The funding is pro-
vided by the National Institute on Aging (grant no 4RO1AG017644-14) 
and a consortium of UK government departments coordinated by the 
Office for National Statistics. The funders of this research had no input 
into the design and conduct of the study; collection, management, analy-
sis or interpretation of data; preparation, review or approval of the manu-
script; or the decision to submit the manuscript for publication. Eleonora 
d'Orsi and Andre Junqueira Xavier received funding from Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior- CAPES from Brazil (grant 
nos. BEX0630-11-0 and BEX690-11-2).

References
	 1.	 Singh-Manoux A, Kivimaki M, Glymour MM, et al. Timing of onset 

of cognitive decline: results from Whitehall II prospective cohort 
study. BMJ. 2012;344:d7622. doi:10.1136/bmj.d7622

	 2.	 Taniguchi Y, Shinkai S, Nishi M, et al. Nutritional biomarkers and 
subsequent cognitive decline among community-dwelling older 
Japanese: a prospective study. J Gerontol A  Biol Sci Med Sci. 
2014. doi:10.1093/gerona/glt286.  [Epub ahead of print]

	 3.	 Poels MM, van Oijen M, Mattace-Raso FU, et al. Arterial stiffness, 
cognitive decline, and risk of dementia: the Rotterdam study. Stroke. 
2007;38:888–892. doi:10.1161/01.STR.0000257998.33768.8

	 4.	 Brodaty H, Farrow M, Flicker L, Hecker J, Velandai S. Dementia risk 
reduction: the evidence. Dementia. 2007;13:1–20.

	 5.	 Wendell CR, Gunstad J, Waldstein SR, Wright JG, Ferrucci L, 
Zonderman AB. Cardiorespiratory fitness and accelerated cognitive 
decline with aging. J Gerontol A Biol Sci Med Sci. 2014;69:455–462. 
doi:10.1093/gerona/glt144

	 6.	 Ofcom. Internet and Web Based Content in: Ofcom's Tenth Annual 
Communications Market Report (August). UK; 2013.

	 7.	 Bawden D. Origins and concepts of digital literacy. In: Lankshear, 
C. and Knobel, M. eds. Digital Literacies: Concepts, Policies, and 
Practices. 2nd ed. New York: Peter lang Publishing Inc; 2008:17–32.

	 8.	 Almeida OP, Yeap BB, Alfonso H, Hankey GJ, Flicker L, Norman 
PE. Older men who use computers have lower risk of dementia. PLoS 
One. 2012;7:e44239. doi:10.1371/journal.pone.0044239

	 9.	 Matthews FE, Arthur A, Barnes LE, et al. A two-decade comparison 
of prevalence of dementia in individuals aged 65 years and older from 

three geographical areas of England: results of the Cognitive Function 
and Ageing Study I and II. Lancet. 2013;382:1405–1412.

	10.	 Office of National Statistics. Internet Access Quarterly Update 2014 
Q1, 2014.

	11.	 Marmot M, Banks J, Blundell R, Lessof C, Nazroo J. Health, Wealth 
and Lifestyles of the Older Population in England: The 2002 English 
Longitudinal Study of Ageing. London: Institute for Fiscal Studies; 
2003.

	12.	 Rabe-Hesketh S, Skrondal A. A review of multilevel and longitudinal 
modeling using stata. J Educ Behav Stat. 2009;34:559–560.

	13.	 Morris MC, Evans DA, Hebert LE, Bienias JL. Methodological issues 
in the study of cognitive decline. Am J Epidemiol. 1999;149:789–793.

	14.	 Sotaniemi M, Pulliainen V, Hokkanen L, et  al. CERAD-
neuropsychological battery in screening mild Alzheimer’s 
disease. Acta Neurol Scand. 2012;125:16–23. 
doi:10.1111/j.1600-0404.2010.01459.x

	15.	 Steffeck, DE. Documentation of Affective Functioning Measures in 
the Health and Retirement Study (no. HRS/AHEAD Documentation 
Report DR-005). Ann Arbor: Survey Research Institute, University of 
Michigan; 2000.

	16.	 Twisk JWR. Applied longitudinal data analysis for epidemiology: a 
practical guide. Int J Epidemiol. 2004;33:231–231. doi:10.1093/ije/
dyh038

	17.	 Stern Y. Cognitive reserve in ageing and Alzheimer’s disease. Lancet 
Neurol. 2012;11:1006–1012. doi:10.1016/S1474-4422(12)70191-6

	18.	V alenzuela MJ, Sachdev P, Wen W, Chen X, Brodaty H. Lifespan 
mental activity predicts diminished rate of hippocampal atrophy. PLoS 
One. 2008;3:e2598. doi:10.1371/journal.pone.0002598

	19.	 La Rue A. Healthy brain aging: role of cognitive reserve, cognitive 
stimulation, and cognitive exercises. Clin Geriatr Med. 2010;26:99–
111. doi:10.1016/j.cger.2009.11.003

	20.	N jegovan V, Hing MM, Mitchell SL, Molnar FJ. The hierarchy of 
functional loss associated with cognitive decline in older persons. 
J Gerontol A Biol Sci Med Sci. 2001;56:M638–M643. doi:10.1093/
gerona/56.10.M638

	21.	 Le Carret N, Auriacombe S, Letenneur L, Bergua V, Dartigues JF, 
Fabrigoule C. Influence of education on the pattern of cognitive dete-
rioration in AD patients: the cognitive reserve hypothesis. Brain Cogn. 
2005;57:120–126. doi:10.1016/j.bandc.2004.08.031

	22.	 Duff K, Beglinger LJ, Schultz SK, et  al.; Huntington’s Study 
Group. Practice effects in the prediction of long-term cog-
nitive outcome in three patient samples: a novel prognostic 
index. Arch Clin Neuropsychol. 2007;22:15–24. doi:10.1016/j.
acn.2006.08.013

	23.	 Dorsi E, Xavier AJ, Steptoe A, et al. Sociodemographic and lifestyle 
factors related to instrumental activities of daily living dynamics: 
results from the English Longitudinal Study of Ageing. J Am Geriatr 
Soc. In press. doi:10.1111/jgs.12990

	24.	 Xavier AJ, d’Orsi E, Wardle J, Demakakos P, Smith SG, von 
Wagner C. Internet use and cancer-preventive behaviors in older 
adults: findings from a longitudinal cohort study. Cancer Epidemiol 
Biomarkers Prev. 2013;22:2066–2074. doi:10.1158/1055-9965.
EPI-13-0542


