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Abstract

Aims: The study of cognitive functioning in large epidemio-
logical settings is hampered by a lack of instruments for the
remote assessment of cognitive performance, especially
when targeting variability across the full range of adult func-
tioning. The present study examined the practicability of
suchinvestigations using a recently developed telephonein-
terview (Cognitive Telephone Screening Instrument, COG-
TEL). Methods: A subcohort of an ongoing epidemiological
study in the elderly German population (ESTHER) was inter-
viewed via telephone by trained personnel. These data were
combined with sociodemographic information obtained by
standardized self-administered questionnaires, and ana-
lysed by tabulation, histograms and regression models. Re-
sults: A total of 1,697 interviews could be analysed. The eli-
gible participants had a mean age * standard deviation of
74.0 = 2.8 years. The COGTEL total scores closely followed a
normal distribution with no evidence of a ceiling effect. In
adjusted regression models, COGTEL total and subcompo-

nent scores were negatively associated with age and strong-
ly positively with higher education, whereas the association
with sex was less consistent. Conclusions: The results sug-
gest that the COGTEL can readily be administered to large
study populations and produces plausible and informative
results. Education should be considered in all investigations
using thisinstrument and requires further in-depth analyses.
Future studies will need to elucidate its associations with risk
factors and its prognostic potential for cognitive decline and
dementia. Copyright © 2010 S. Karger AG, Basel

Introduction

The decline in cognitive function in higher age, both
within and beyond the limits of normal aging, presents
one of the most important current challenges for health
care systems and aging societies. Individuals in the grey
zone between physiological age-related changes in cogni-
tive function and dementia are not only at elevated risk
of progressing to full-blown dementia, but may also ex-
perience higher mortality [1]. Elucidating predictive fac-
tors enabling early detection or even opening up avenues
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for preventive measures would be of considerable inter-
est. The accumulating evidence for correlations between
classical cardiovascular risk factors and cognitive disor-
ders is of particular relevance in this regard [2].

Whereas very large epidemiological studies of cardio-
vascular diseases and risk factors are fairly common
nowadays, a major obstacle for extending such studies to
address cognitive function lies in the necessity for re-
source-intensive face-to-face administration of estab-
lished instruments. Telephone instruments have been de-
veloped as an alternative, but assessments of their perfor-
mance have mostly been restricted so far to study samples
of limited size [3, 4]. Most existing instruments, for ex-
ample the Telephone Interview for Cognitive Status and
its modifications [5], have a focus on studying the lower
end of cognitive functioning, as discussed in detail else-
where [4]. However, in the study of determinants of cog-
nitive functioning, telephone instruments allowing a
fine-scale resolution across the range of both physiologi-
cal and pathological variability of cognitive function,
rather than just a screening for likely dementia [4], could
potentially help to overcome the problem of small sample
sizes identified by others as a key limitation responsible
for contradictory results in this important field, in which
relationships found in observational studies have fre-
quently not been confirmed by the results of correspond-
ing replication or intervention studies [6]. For example,
observational epidemiological studies appeared to sup-
port a protective role of certain nutrients with respect to
cognitive functioning, but randomized trials overall
found no effect of nutrition-related interventions, quite
possibly due to sample size limitations. Furthermore, sta-
tistical power may be poor if dementia incidence is used
as an outcome in studies not designed for this purpose
[6], and a - statistically more informative — continuous
measure of cognitive functioning should be advanta-
geous in such settings.

The evaluation of screening instruments for mild
cognitive impairment and dementia has been identified
as an important subject for further research [7]. Thus,
the present article reports on the performance and
large-scale application of a telephone interview for the
assessment of cognitive functioning in epidemiological
studies. This instrument had been designed specifically
to cover a broad range of cognitive domains with appro-
priate resolution across the full range of adult function-

ing [4].
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Methods

Study Population and Design

Participants of this study were a subcohort of the ESTHER
study, a prospective cohort study of the elderly population in the
state of Saarland in the south-west of Germany [8, 9]. In brief,
9,953 subjects aged 50-74 years were recruited from July 2000 to
December 2002 by their general practitioners, to whom they pre-
sented for health screening visits. To maximize generalizability to
the general elderly population, no exclusion criteria were applied
except for insufficient knowledge of the German language and
unwillingness or inability to participate. Data were collected ap-
plying a standardized protocol and self-administered question-
naires covering health-related information and basic sociodemo-
graphics including sex, age and education.

For the cognitive telephone assessment, participants aged
=65 years at baseline were approached during follow-up. As the
present analysis was intended to describe the COGTEL (Cogni-
tive Telephone Screening Instrument) properties across the range
of the general elderly population, once again no exclusion criteria
like prevalent diagnosis of psychiatric conditions were applied.
The interviews were conducted in the context of the 5-year follow-
up from May 2005 to July 2008. The study was approved by the
ethics committee of the University of Heidelberg and the medical
board of the State of Saarland. Both the participations in ESTHER
and in the telephone interview substudy were conditional on writ-
ten informed consent.

Cognitive Function Assessment

The COGTEL used has previously been described in detail
[4]. In brief, COGTEL consists of 6 components covering pro-
spective memory (0 or 1 point), verbal short- and long-term
memory (0-8 points each), working memory (0-12 points), ver-
bal fluency (0 to unlimited; as many words as the participant can
name within a specified time) and inductive reasoning (0-8
points). The scores of the subtests can be analysed individually
or combined into a weighted total score (7.2 - prospective memo-
ry + 1.0 -verbal short-term memory + 0.9-verbal long-term
memory + 0.8-working memory + 0.2-verbal fluency + 1.7-in-
ductive reasoning). The individual tasks are generally taken from
well-established neuropsychological instruments, such as the
Wechsler scales, and COGTEL version A was used in the present
study [4]. The validity of phone-based versus in-person applica-
tion of this instrument has been described elsewhere, along with
the concurrent validity with other variables, such as age and cog-
nitive ability measures [4]. The interviews were conducted by
study personnel specifically trained in the application of the
COGTEL.

Statistical Analysis

The study population was first described according to age, sex,
education (highest school qualification achieved) and major
prevalent chronic disease (history of stroke or transient ischaemic
attack; depression; cancer). The distribution of COGTEL sub-
component and total scores was then examined in histograms,
and by tabulation of the proportion of subjects successfully giving
the required answer (prospective memory) or median and inter-
quartile range, as well as mean and standard deviation, across sex
and education. Education was classified according to the major
categories of school qualifications in Germany, corresponding to
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Table 1. Basic sociodemographics of study participants

Subgroup n Men Women
n meanage=*SD n mean age = SD
years years
Overall 1,697 697 (100) 739%2.7 1,000 (100) 74.1%£2.38
School qualification
No degree 48 20 (3) 743+2.3 28 (3) 74.8+2.6
9 years 1,155 418 (60) 73.6%2.6 737 (74) 73.9%2.7
10-12 years 351 177 (25) 73.8%2.8 174 (17) 74.8%3.1
13 years 91 65 (9) 75.1%29 26 (3) 74.1%x3.1
Figures in parentheses indicate percentages.
9 (‘Hauptschule’), 10-12 (various qualifications) or 13 years (‘Abi-
tur’) of school education. %
For simple and multiple regression analyses, markedly non- 14
normally distributed scores were dichotomized (= median versus -
< median). These, along with the binary prospective memory 12 4 — -
subscore, were modelled using logistic regression analysis, where- |
as normally distributed subscores and the total score were mod- 104 ]
elled using linear regression analysis. For statistical testing, an |
alpha level of 5% was applied, and SAS 9.2 (SAS Institute, Cary, 8 -
N.C., USA) was used throughout.
o —
4 —
Results
2 -
A total of 1,952 telephone interviews were conducted.
Of these, 102 (5.2%) were excluded for reasons such as oAt AL L L LT L L L e
premature termination of the interview, evidence for aid 36 9121518 21 24 27 30 33 36 39 42 45 48 51
from another person and violation of inclusion criteria, Total score
whereas an additional 153 (7.8%) were excluded because

the interviewer had noted that deafness was present at the
time of assessment (exploratory analyses had shown a
strong association of deafness with COGTEL results).
The joint distribution of core characteristics of the study
population of the 1,697 (86.9%) subjects ultimately eligi-
ble for analysis are shown in table 1. Overall, 59% were
female, and the mean age * standard deviation at inter-
view was 74.0 = 2.8 years. The vast majority had com-
pleted only the lowest German school qualification, and
men tended to have higher education. The subjects par-
ticipating in the COGTEL study were very similar in age
(mean at baseline: 68.7 years) and education (2.9, 71.0,
20.8, 5.4% from no to highest qualification) to those par-
ticipants of the ESTHER source study who were similar-
ly eligible but not included (69.0 years; 6.0, 74.3, 16.5,
3.2%), though these limited differences were clearly sig-

Telephone-Based Test of Cognitive
Functioning in Older Adults

Fig. 1. Histogram of the COGTEL total score in 1,697 elderly
adults in Germany.

nificant due to the rather large sample size (p,g. = 0.008;
Peducation < 00001)

The distribution of COGTEL total scores is shown in
figure 1. Their mean value was 27.1 * 8.7 points. Apart
from the binary prospective memory subscore, especially
the results for working memory and inductive reasoning
deviated markedly from a normal distribution (fig. 2) and
were dichotomized for regression analyses.

The distribution of COGTEL total scores across co-
variables is presented in table 2. In these analyses, there
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Fig. 2. Barplots and histograms of sub- Working memory Verbal long-term memory
scores of the 6 COGTEL items (n = 1,697).

was no apparent sex difference. Test performance did not
differ by cancer status. The performance appeared slight-
ly lower in subjects with compared to those without a his-
tory of cerebrovascular disorders, but confidence inter-
vals were strongly overlapping. The overlap was much
less pronounced when differentiating by history of de-
pression. A strong and monotonous increase in COGTEL
scores was seen across increasing levels of school educa-
tion. The corresponding regression analysis is presented
in table 3 and revealed that male sex is significantly as-
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sociated with lower total scores after adjustment for age
and education. The age association was quantified as a
decrease by half a point per year, and the enormous dif-
ferences in scores by education were confirmed. Note that
neither history of cerebrovascular disorders nor depres-
sion were significantly associated with COGTEL scores
or changed the results to any relevant degree when add-
ing them to the model in table 3.

The regression analyses for the individual subscores
are presented in tables 4 and 5. Whereas age was associ-
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Table 2. Mean COGTEL scores by sociodemographics and major
morbidity

Characteristic n Total score
Sex
Female 1,000 27.1 (26.5-27.8)
Male 697 27.1(26.4-27.9)
School qualification
No degree 48 22.9 (20.2-25.6)
9 years 1,155 26.0 (25.4-26.5)
10-12 years 351 30.5 (29.4-31.5)
13 years 91 34.8 (32.9-36.8)
Chronic morbidity
Stroke or TIA 147 26.3 (24.8-27.8)
No stroke or TIA 1,485 27.4(26.9-27.9)
Depression 197 25.8 (24.4-27.2)
No depression 1,441 27.5(27.0-28.0)
Cancer 151 27.0 (25.4-28.7)
No cancer 1,489 27.3 (26.8-27.8)

TIA = Transient ischaemic attack. Figures in parentheses in-
dicate 95% confidence intervals.

Table 3. Multiple linear regression analysis of age, sex and educa-
tion as predictors of the COGTEL total score

Predictor B 95% CI
Age, years -0.38 -0.52t0 -0.23
Sex
Female 0 reference
Male -1.24 -2.06 to -0.42
School qualification
No degree 0 reference
9 years 2.71 0.34 to 5.07
10-12 years 7.60 5.12t010.1
13 years 124 9.52t015.3

CI = Confidence interval. Model including all variables in the
table (r* = 0.11; F = 41.5; p < 0.0001).

ated with a decrease in scores (linear regression; table 4)
or lower odds of scoring high (logistic regression; table 5)
in all 6 subscores, the associations with sex were more
heterogeneous. The monotonous and pronounced asso-
ciation with education was evident in all subscores, the
highest level of education being associated with more
than 8 points higher scores in verbal fluency, and with
more than 21-fold increased odds of above median scores
in inductive reasoning.

Telephone-Based Test of Cognitive
Functioning in Older Adults

Discussion

The findings presented above support the COGTEL
instrument for assessing cognitive functioning as an in-
formative and convenient device in larger-scale epidemi-
ological studies, yielding plausible results. Few interviews
had to be excluded from analyses due to practical matters
possibly avoidable in much more resource-intensive face-
to-face settings. The COGTEL total scores closely fol-
lowed a normal distribution with no sign of a ceiling ef-
fect, which is favourable from a statistical point of view.
In regression models, education emerged as a strong pre-
dictor variable, its regression coefficients being equiva-
lent to those for tens of age years.

Whereas the general distribution and the concordance
of COGTEL scores obtained by phone versus in-person
interviews have been reported previously [4], the present
study suggests that the administration of this instrument
to large elderly study populations is a feasible undertak-
ing. Importantly, the large number of study participants
allowed us to examine the relationship between age and
COGTEL more closely, despite the rather narrow age
range. The earlier presentation of the instrument includ-
ed a pronounced difference in score by age group, pre-
senting a somewhat extreme contrast of subjects up to 37
or atleast 59 years of age [4]. In the present study, we could
describe statistically significant associations with contin-
uous age for both the COGTEL total score and all its in-
dividual subscores. The findings also suggested that ana-
lysing the non-normally distributed subscores by appro-
priate statistical methods for categorical data yields
consistent results.

The association of COGTEL scores with formal educa-
tion was not surprising [10, 11], though its extent ap-
peared remarkable. According to our adjusted regression
model (table 3), the average difference between those with
the highest versus no school qualification (B13years = 12.4)
was equivalent to the average change associated with
an about 30 years younger age [Bageinyears = —0.38; 12.4/
(-0.38) = -32.6; note that this is a strongly extrapolating
and merely statistical consideration given the cross-sec-
tional nature of our study]. Given the novel nature of the
instrument used, comparability to published studies is
somewhat limited. However, a study using a telephone
instrument resembling the Mini Mental State Examina-
tion in the USA reported association coefficients of —4.8
for less than 8 versus 12-14 years of education, compared
to -3.4 for subjects older than 89 versus 70-79 years [12],
suggesting a relative magnitude of educational versus age
associations similar to our findings.

Dement Geriatr Cogn Disord 2010;30:309-316 313



Table 4. Linear regression of age, sex and education with approximately normally distributed components of
COGTEL (adjusted for all 3 variables)

Predictor Verbal short-term memory  Verbal fluency Verbal long-term memory
B 95% CI B 95% CI B 95% CI
Age, years -0.05 -0.08 to -0.02 -0.22 -0.32 to -0.11 -0.03 -0.06 to -0.01
Sex
Female 0 reference 0 reference 0 reference
Male -0.50 -0.68 to -0.02 -0.34 -0.93t0 0.26 -0.48 -0.65 to -0.32
Education
No degree 0 reference 0 reference 0 reference
9 years 0.07 -0.43 t0 0.57 1.94 0.22 to 3.66 0.23 -0.24t0 0.71
10-12 years 0.71 0.19to 1.23 5.29 3.49 to 7.08 0.82 0.32to 1.32
13 years 1.57 0.96t0 2.18 8.60 6.52 to 10.7 1.32 0.74 to 1.89

CI = Confidence interval. r? values of the 3 models were 0.06 (F = 21.3; p < 0.0001), 0.10 (F = 36.8; p < 0.0001)
and 0.05 (F = 16.6; p < 0.0001), from left to right.

Table 5. Logistic regression analysis of age, sex and education with dichotomized components of COGTEL (ad-

justed for all 3 variables)

Predictor Prospective memory Working memory Inductive reasoning
OR 95% CI OR 95% CI OR 95% CI
Age, years 0.94 (0.91 t0 0.98) 0.94 (0.91 t0 0.98) 0.95 (0.91 t0 0.98)
Sex
Female 1 reference 1 reference 1 reference
Male 0.88 (0.71 to 1.08) 0.83 (0.67 to 1.02) 1.25 (1.02 to 1.54)
Education
No degree 1 reference 1 reference 1 reference
9 years 1.25 (0.70 to 2.24) 1.56 (0.87 to 2.81) 2.17 (1.15 to 4.09)
10-12 years 2.04 (1.11 to 3.77) 2.75 (1.48 to 5.10) 4.76 (2.45t09.23)
13 years 347 (1.63t07.41) 6.17 (2.83t0 13.4) 21.4 (8.41 to 54.3)

OR = Odds ratio; CI = confidence interval. Modelling 1 versus 0 (prospective memory) or at least median
versus below-median points (other components). The ¢ values, i.e. concordance indices as a measure of dis-
criminatory performance, of the 3 models were 0.58 (Wald x* = 33.6; p < 0.0001), 0.60 (Wald x> = 49.6; p < 0.0001)
and 0.64 (Wald x? = 95.6; p < 0.0001), from left to right.

Previous studies had suggested complex relationships
of sex with cognitive domains, which might be related to
hormonal differences or interactions with genetic deter-
minants [13, 14]. The observation that pronounced asso-
ciations with education levels might hide performance
disparities between women and men (details not shown)
is in line with a previous report from another region in
Germany [15], suggesting that this had not been an iso-
lated, incidental finding and could be a rather generaliz-
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able phenomenon that should be considered in any simi-
lar study pertaining to these birth cohorts and carried out
in these parts of Germany and possibly even in the wider
European region.

These discussions of education become all the more
exciting if one acknowledges that it might less be formal
education per se that is causally related to COGTEL per-
formance or cognitive functioning in our (elderly) study
population; rather, formal education is likely to be a
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marker for later adult life cognitive activity, both in the
professional and social context, which in turn might in-
fluence and maintain cognitive functioning. The in-
depth analysis of more detailed pertinent data in the pres-
ent cohort, as well as their placement in relation to the
relevant literature [16-18], deserves comprehensive fur-
ther investigation.

Some limitations of this study deserve discussion.
When interpreting our results, it needs to be taken into
account that the study population was a somewhat se-
lected sample of the elderly general population, as re-
cruitment took place during health screening visits to
general practitioners. Although constitutory health in-
surance provides universal coverage for this examina-
tion, some self-selection at the level of examination atten-
dance as well as consent to study participation was un-
avoidable. On the analytical side, the exclusion of subjects
with substantial hearing problems is a double-edged
sword: differences in COGTEL scores might be due to
distorting differences in allocation of cognitive resourc-
es, as has been suggested, for example, for working mem-
ory tasks [19], but genuine effects of deafness on cognitive
function and decline would also be plausible and indeed
are an exciting field of research [20]. Dealing with this
problem by restricting the current analysis to subjects in
whom no sign of deafness was present was reasonably
conservative for our descriptive purposes, but future lon-
gitudinal assessments of the same cohort will hopefully
allow a refined and more detailed approach to related
study questions. For the purpose of this primarily de-
scriptive study, we tried to maintain high generalizability
by including subjects irrespective of comorbidities of any
type. As demonstrated for 3 conditions associated with
structural (cerebrovascular disorders), functional (de-
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