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German Study on Ageing, Cognition and Dementia in Pri-
mary Care Patients (AgeCoDe) aged 75 years and older was 
assessed four times at 1.5-year intervals over a period of 4.5 
years using the SIDAM. Age- and education-specific reliable 
change indices (RCIs) accounting for probable measurement 
error and practice effects were computed for a 90% confi-
dence interval.  Results:  Across different age and education 
subgroups, changes from at least 3–5 points indicated sig-
nificant (i.e. reliable) changes in SIDAM test scores at the 90% 
confidence level.  Conclusion:  This study offers age- and ed-
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 Abstract 

  Background/Aims:  The diagnostic criteria for dementia in-
clude reliable evidence of cognitive deterioration over time 
measured by cognitive tests. The Structured Interview for 
the Diagnosis of Dementia of the Alzheimer Type, Multi-in-
farct Dementia and Dementia of other Etiology according to 
DSM-III-R, DSM-IV and ICD-10 (SIDAM) is a neuropsychologi-
cal instrument to determine cognitive status in patients with 
mild cognitive impairment (MCI) and dementia. Normative 
data for changes in cognitive functioning that normally oc-
cur in cognitively healthy individuals are required to inter-
pret changes in SIDAM test scores.  Methods:  A sample of 
1,090 cognitively healthy individuals participating in the 
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ucation-specific normative data for the SIDAM based upon 
established RCI methods. The RCI scores provided in this 
study may help clinicians and researchers to interpret cogni-
tive changes in SIDAM test scores and may contribute to the 
early detection and diagnosis of MCI and dementia in the 
elderly. 

 

Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Progressive cognitive deterioration is a major diagnos-
tic marker of dementia and disorders leading to dementia 
in the elderly  [1] . The evaluation of cognitive status is a 
key component of establishing a diagnosis and monitor-
ing dementia patients during the course of the illness for 
both clinical practice and research purposes. Therefore, 
repeated neuropsychological assessments are often used 
to monitor changes in a patient’s cognitive functioning 
over time. In the context of changing neurological and 
neuropsychological conditions and in order to plan suf-
ficient treatment and long-term care options for patients, 
it is most important that reliable information on the rate 
of deterioration or improvement of cognitive functioning 
in the development and the course of dementia disease is 
available. 

  The critical task when performing repeated testing to 
evaluate cognitive functioning in geriatric patients over 
time is how to obtain accurate and reliable data on the 
rate of changes in the cognitive abilities of a person and 
how to differentiate clinically significant cognitive 
change from cognitive changes that normally occur in 
the process of natural aging. Moreover, varying test re-
sults with consecutive testing may also occur due to mul-
tiple other factors and statistical artefacts such as mea-
surement error or the occurrence of practice effects and 
regression to the mean  [2, 3] . Thus, interpreting cognitive 
changes measured by standardized neuropsychological 
instruments requires knowing how much change is ex-
pected to occur normally in cognitively healthy individ-
uals. In order to discriminate between clinically signif-
icant changes in cognitive test performance and other 
factors, there is a need for information on test-retest char-
acteristics of the neuropsychological instruments used. 
However, this type of normative data, especially for the 
older population, is available only for a small number of 
psychometric instruments  [4] .

  To determine reliable and significant changes in test 
scores, Jacobson et al.  [5, 6]  were the first to propose the 
statistical procedure of the reliable change index (RCI) 

for estimating the probability that an individual’s change 
from pre-test to post-test performance can be ascribed 
to clinically significant changes in underlying cognitive 
abilities and is not simply due to chance. In recent years, 
there have evolved more refined statistical methods for 
modelling change  [7–9]  than that suggested by Jacobson 
and colleagues. According to the RCI methods of Che-
lune et al.  [10]  and Hsu  [11] , a reliable change in a subject’s 
test scores is a change that is unlikely to have occurred by 
measurement error or practice effects (Chelune et al.  [10] ) 
or by regression to the mean (Hsu  [11] ).

  The Structured Interview for the Diagnosis of De-
mentia of the Alzheimer Type, Multi-infarct Dementia 
and Dementia of other Etiology according to DSM-III-R, 
DSM-IV and ICD-10 (SIDAM) is a mixed semi-struc-
tured and structured instrument which has been devel-
oped for diagnosing mild cognitive impairment (MCI) 
and dementia according to ICD-10, DSM-III-R and 
DSM-IV diagnostic criteria  [12–14] . The SIDAM consid-
ers both the dimensional and the categorical aspects of 
MCI and dementia. The cognitive section of the SIDAM 
provides a global cognitive score named ‘SISCO’, con-
sisting of 55 questions and subscores for orientation, 
memory, intellectual abilities and higher cortical func-
tions. The SISCO score includes all 30 items of the Mini-
Mental State Examination  [15] . Change norms (i.e. RCIs) 
for the accurate classification of cognitive change in the 
elderly according to SIDAM test scores have been pub-
lished  [16] . However, that study was based on a relatively 
small sample of older adults (n = 119), and the computa-
tion of RCIs did not include correction for the potential 
influences of sociodemographic variables such as age, 
education and gender. Nevertheless, SIDAM scores are 
known to be significantly influenced by age and educa-
tion  [17] . Since the SIDAM represents a frequently used 
instrument for the screening and diagnosis of dementia 
in clinical routine and research settings, including epi-
demiological and cohort studies, in German-speaking 
areas  [17–19] , there is a great need to provide age- and 
education-specific reliable change norms for this instru-
ment.

  The objective of the present study was to investigate 
RCI scores for a large community-based sample of cogni-
tively healthy individuals aged 75 years and older tested 
on the SIDAM at 1.5-year intervals over a time period of 
approximately 4.5 years. Specifically, the impact of par-
ticipants’ age, education and gender on cognitive test 
scores was examined in order to adjust RCI scores for so-
ciodemographic factors. Following the methods suggest-
ed by Chelune et al.  [10]  (accounting for measurement 
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error and practice effects) and Hsu  [11]  (accounting for 
regression to the mean), the present study aims to provide 
reliable rates of changes in SIDAM test scores (SISCO) for 
clinical and research purposes and to demonstrate how 
to calculate RCI scores for individual patients.

  Methods 

 Study Design and Sample 
 Data were derived from a sample of cognitively healthy older 

individuals participating in the German Study on Ageing, Cogni-
tion and Dementia in Primary Care Patients (AgeCoDe), a pro-
spective longitudinal study on the early detection of MCI and de-
mentia in primary care established by the German Research Net-
work on Dementia. The study was approved by the local ethics 
committee, and all subjects gave written informed consent. The 
study was conducted in six study centres: Bonn, Düsseldorf, 
Hamburg, Leipzig, Mannheim and Munich. The subjects were 
recruited between January 1, 2003 and November 30, 2004. Alto-
gether, 138 general practitioners (GPs) participated in the recruit-
ment process, 19–29 GPs in each centre. Inclusion criteria were 
age of 75 years or older, the absence of dementia based on diag-
nostics done by the GPs and at least one contact with the GP with-
in the last 12 months. Exclusion criteria were GP consultations 
only by home visits, residence in a nursing home, a severe illness 
which the GP deemed would be fatal within 3 months, an insuf-
ficient knowledge of the German language, deafness or blindness, 
lack of ability to consent and status as only an occasional patient 
of the participating GP. 

   Figure 1  shows detailed information about the sample selec-
tion process. For our study sample, we selected cognitively unim-
paired participants using the following criteria for inclusion: (1) 
SIDAM score at each visit above age- and education-specific cut-
off scores (1 SD) for MCI as given by Busse et al.  [17] ; (2) no diag-
nosis of dementia during the course of the study according to 
DSM-IV diagnostic criteria, and (3) valid test data for the SIDAM 
at each of the four assessments. In all, 2,237 of the interviewed 
patients were excluded from the sample for the calculation of 
RCIs. Of these, 1,359 (60.8%) had incomplete test data or did not 
participate in all four assessments. Of these 1,359 subjects, 511 
(37.6%) were excluded from the study sample because of death 
during the course of the study and 848 (62.4%) because of incom-
plete participation in all four assessments. Of the 848 subjects 
who did not participate in all four assessments, 717 (52.76%) re-
fused to participate in at least one of the four assessments during 
the course of the study, 52 (3.82%) moved house or moved to an 
unknown address and 30 (2.21%) refused to participate because 
of health reasons. The remaining subjects refused to participate 
because of other reasons. The subjects who were excluded from 
the study (n = 1,359) and included in the study (n = 1,090) did not 
differ significantly with regard to gender [ �  2  = 2.735, degrees of 
freedom (d.f.) = 1, p = 0.098] or level of education ( �  2  = 1.192,
d.f. = 1, p = 0.275). However, the comparison indicated that in-
cluded subjects were significantly younger than excluded subjects 
(79.1 vs. 80.2 years;  �  2  = 27.879, d.f. = 1, p  !  0.001). Furthermore, 
29 subjects (1.3%) were excluded from the study sample because 
they were younger than 75 years, 174 (7.8%) because they were 

demented, 494 (22.1%) because they had MCI, 10 (0.4%) who did 
not have German as their first language, 155 (6.9%) for a diagno-
sis of a severe illness with potential impact on cognitive test per-
formance (i.e. debility, Parkinson’s disease, stroke, brain tumour, 
organic brain syndrome, neurological failures, psychosis/depres-
sion, alcohol abuse/alcoholism) and 16 (0.7%) who had severe sen-
sory impairment. The calculation of RCI values is based on the 
remaining 1,090 subjects. 

  Procedure and Instruments 
 The neuropsychological evaluation, including a comprehen-

sive cognitive assessment to determine the cognitive status of 
study participants, was performed by trained physicians and psy-
chologists administering fully structured clinical interviews to 
participants in their home environment. At each assessment, par-
ticipants were assessed using the neuropsychological test part of 
the SIDAM, consisting of 55 items (SISCO score). The SIDAM 
includes all 30 items of the Mini-Mental State Examination. All 
items of the SIDAM rely on DSM-III-R, DSM-IV and ICD-10 al-
gorithms, which allow a reliable separation of persons with de-
mentia from those without such a disorder or MCI, respectively. 
The diagnoses of dementia were based on DSM-IV criteria  [1]  fol-
lowing the diagnostic algorithm of the SIDAM and the Global 
Deterioration Scale  [20] , which had to be scored with at least 4. 
Unclear diagnoses were discussed in a standing diagnostic clear-
ing platform consisting of multiple experts in the field. Further-
more, the 15-item version of the Geriatric Depression Scale  [21, 
22]  was employed to determine depressive symptoms. Patients 
with Geriatric Depression Scale scores of 10 or more points (cut-
off for severe depressive symptoms) were excluded from our study 
sample because of the possible impact of depressive symptoms on 
cognitive test performance. Data on sociodemographic variables 
as well as possible risk factors for dementia were also collected. In 
addition, the GPs filled in a questionnaire for each patient to de-
termine health status, clinical diagnoses and comorbidity. 

  Statistics  
 All statistical analyses were carried out using PASW Statistics 

18 for Windows. If not otherwise stated, the level of  �  error was 
set to 0.05 in all computations. The impact of the sociodemo-
graphic variables age, education and gender on SIDAM test per-
formance was examined via analyses of covariance. Differences 
in SIDAM test performances between the four assessments were 
investigated using the Friedman test (nonparametric equivalent 
of a repeated-measure ANOVA) followed by pair-wise compari-
sons using the Wilcoxon test. For pair-wise comparisons, the lev-
el of significance was adjusted for multiple testing by the Bonfer-
roni-Holm method. Nonparametric statistical tests were used, 
because SIDAM test scores within the study sample were not sub-
ject to normal distribution at all time points. Effects of regression 
to the mean were investigated by dividing the sample into four 
groups according to SIDAM percentiles (25th, median, 75th), 
which represent above-average versus below-average levels in test 
performances on a group level. Regression to the mean refers to 
the phenomenon that a variable that is extreme on its initial mea-
surement (e.g. high test score) will, on average, tend to move to-
wards the mean of the population distribution when reassessed in 
a later measurement  [23] . For all adjacent assessments [follow-up 
1 (FU1)-baseline (BL), follow-up 2 (FU2)-FU1, follow-up 3 (FU3)-
FU2], differences between the groups with regard to the mean 
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change in SIDAM test scores were analysed using nonparametric 
Kruskal-Wallis testing. The test-retest reliability of the SIDAM 
was determined in terms of nonparametric Spearman’s r. The cal-
culation of age- and education-specific RCIs was based on the 
procedures of Chelune et al.  [10]  and Hsu  [11] ; a detailed descrip-
tion of both methods is provided in the Appendix.

  Results 

 The characteristics of the study sample are displayed 
in  table 1 . Educational groups were determined based on 
the new Comparative Analysis of Social Mobility in In-
dustrial Nations educational classification  [24] . The study 

sample was divided into the two educational categories 
‘low’ and ‘middle/high’; the latter group was combined 
into one group because of small sample sizes.

  The results of the analyses of covariance are summa-
rized in  table 2  and revealed that the sociodemographic 
variables age and education had a significant impact on 
SIDAM test performance. At different assessments, 
younger age and higher education were significantly as-
sociated with better test performances on the SIDAM. 
The gender of the study participants did not impact on 
SIDAM test scores. 

  The mean raw scores on the SIDAM across different 
age and education subgroups and for the total sample are 

Sampling frame of 
registered GP

population

n = 22,701 

Eligible

n = 10,850 

Randomly selected
sample size 

n = 6,619 

Inclusion for
calculation of RCIs

n = 1,090 

Participants

n = 3,327 

Not eligible

n = 11,851 

Irregular patients 4,792
Only home visits 2,477
Deceased 2,075
No ability to consent 1,107
Severely ill 326
Deaf or blind 245
Language 226
Other reasons 345
Not documented 258

Incomplete assessments 1,359
Age <75 years 29
Demented 174
MCI 494
Language 10
Severe illness with influence
on cognitive test performance 155
Severe sensory impairment 16

No response 1,517
Refused 1,775

Non-participants

n = 3,292 

Exclusion

n = 2,237

  Fig. 1.  Sample selection flowchart.   
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displayed in  table 3 . The Friedman test revealed signifi-
cant differences between SIDAM test scores in the four 
repeated assessments (Friedman  �  2  = 9.980, d.f. = 3, p = 
0.019). Following the Friedman test, pair-wise analyses 
via Wilcoxon tests indicated significant differences in 
test performances between BL and FU1 assessments (Z = 
–2.306, p = 0.021) and BL and FU2 assessments (Z = 
–3.046, p = 0.002) as well as BL and FU3 assessments
(Z = –2.848, p = 0.004). Altogether, the results indicated 
the presence of practice effects and/or normal age-related 
cognitive decline at a group level. 

  The investigation of possible effects of regression to 
the mean for adjacent assessments via Kruskal-Wallis 
testing showed significant differences between mean 
SIDAM test performance levels in adjacent assessments 
at a group level. Participants with different pre-test 

SIDAM levels (above-average versus below-average lev-
els) yielded significantly different mean SIDAM change 
scores in compared assessments (FU1–BL:  �  2  = 194.781, 
d.f. = 3, p  !  0.001; FU2–FU1:  �  2  = 168.794, d.f. = 3, p  !  
0.001; FU3–FU2:  �  2  = 105.057, d.f. = 2, p  !  0.001), which 
can be considered as effects of regression to the mean. 
 Table 4  summarizes the mean raw difference in SIDAM 
scores for compared assessments. Observed differences 
in SIDAM were rather low ( ̂  0.37), indicating that the 
ratio of individuals showing a gain in SIDAM test score 
approximately equalled the ratio of individuals showing 
a loss in SIDAM test score. Reliable changes in SIDAM 
test scores (improvement and decline), according to the 
method suggested by Chelune et al.  [10] , are also dis-
played in  table 4 . From BL to FU3, for example, 9.1% of 
our cognitively healthy study participants experienced 
either a reliable deterioration (4.5%) or a reliable improve-
ment (4.6%). Overall, these results are in line with the 
definition of the RCI suggested by Chelune et al.  [10]  with 
regard to the proportion of individuals experiencing a re-
liable change in SIDAM test scores (reliable deterioration 
or reliable improvement). 

  Test-retest reliability coefficients ranged from 0.47 to 
0.65 and appeared to be higher for adjacent assessments 
( table 5 ). Calculated RCI scores according to the method 
of Chelune et al.  [10]  are also shown in  table 5 . Across dif-
ferent age and education subgroups, changes in SIDAM 
from at least 3 to up to 5 points were needed to conclude 
at the 90% confidence level that a reliable change in 
SIDAM test scores (improvement or deterioration) had 
occurred without being evoked by factors other than true 
cognitive changes, such as measurement error, practice 
effects or natural aging effects. On average, RCI ranges 
appeared to be larger for younger persons (age 75–79 
years) with a lower educational level than for older per-
sons ( 6 80 years) with a higher educational level.

  The presented data allow the reader to calculate RCIs 
for a given individual according to the method of Hsu 
 [11] , which accounts for effects of regression to the mean 
(for the formula, see the Appendix). Two examples of how 
to compute the RCI are demonstrated, because tabulation 
of RCIs according to Hsu  [11]  for the SIDAM would be 
too space-consuming. In the first example, a person aged 
77 years who completed general elementary education (8 
years) has a pre-test SIDAM score (X 1 ) of 55, a post-test 
SIDAM score (X 2 ) of 50 and was assessed after a time in-
terval of 1.5 years. According to  table 5  (see first column, 
comparison BL–FU1), the standard error of prediction 
(SEP) is 2.39 and r xx  is 0.57 (test-retest reliability). Ac-
cording to  table 3  (see first column), the pre-test SIDAM 

Table 1.  Baseline characteristics of the sample (n = 1,090)

Characteristic

Age, years 79.183.17
Range 75–92
Age groups

75–79 years 641 (58.8)
≥80 years 449 (41.2)

Gender
Female 735 (67.4)
Male 355 (32.6)

Education
Low 743 (68.2)
Middle/high 347 (31.8)

Comparison with baseline, interval in years
BL–FU1 1.6380.18
BL–FU2 3.0780.16
BL–FU3 4.6480.21

Adjacent assessments, interval in years
FU1–FU2 1.4480.17
FU2–FU3 1.5780.21

V alues represent means 8 SD or numbers (percentage), as
appropriate. Education: educational classification according to 
the new Comparative Analysis of Social Mobility in Industrial 
Nations [24], as follows: low = inadequately completed general 
education, general elementary education, basic vocational quali-
fication or general elementary education and vocational qualifi-
cation; middle = intermediate vocational qualification or inter-
mediate general qualification and vocational qualification, in-
termediate general qualification, general maturity certificate, 
vocational maturity certificate/general maturity certificate and 
vocational qualification; high = lower tertiary education – gen-
eral diplomas/diplomas with vocational emphasis, higher tertiary 
education – lower level/higher level.
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mean is 49.70 [BL, group mean pre-test score (M 1 )] and 
the post-test SIDAM mean is 49.97 [FU1, group mean 
post-test score (M 2 )]. In this case, the RCI can be calcu-
lated as follows: 

2 2 1 1xxX M r X M
RCI

SEP

   
50 49 97 0 57 55 49 70

1 251
2 39

. . .
RCI .

.

  This RCI value is inside the 90% confidence interval 
of  8 1.645 and therefore expected to occur without a real 

change in post-test scores. In other words, there is not 
enough evidence to conclude with sufficient certainty 
that this reflects a reliable decline in post-test scores. In 
the second example, a person aged 77 years who com-
pleted general elementary education (8 years) has a pre-
test SIDAM score of 50, a post-test SIDAM score of 45 and 
the time interval is again 1.5 years. Analogously, the RCI 
can be calculated as follows: 

45 49 97 0 57 50 49 70
2 151

2 39

. . .
RCI .

.

Table 2.  Analysis of covariance of the influences of age, education and gender on SIDAM test performance
(n = 1,090)

Time interval Age Education G ender

F d.f. p F d.f. p F d.f. p

FU3–BL 24.368 1 0.000** 30.877 1 0.000** 0.320 1 0.571
FU2–BL 12.264 1 0.000** 27.104 1 0.000** 0.673 1 0.412
FU1–BL 8.553 1 0.004* 14.771 1 0.000** 1.938 1 0.164
FU2–FU1 10.524 1 0.001** 40.025 1 0.000** 0.110 1 0.740
FU3–FU2 18.761 1 0.000** 31.265 1 0.000** 0.162 1 0.687

* p  ≤ 0.05; ** p ≤ 0.001.

Table 3.  SIDAM mean raw scores in four assessments (n = 1,090)

Age  75–79 years Age ≥80 years

low education
(n = 437)

middle/high edu-
cation (n = 306)

low education
(n = 204)

middle/high education 
(n = 143)

Mean raw score
BL 49.70 (2.91) 52.12 (2.09) 48.65 (3.36) 51.22 (2.58)
FU1 49.97 (2.87) 52.01 (2.12) 48.92 (3.11) 51.07 (2.83)
FU2 50.06 (2.78) 52.16 (1.94) 48.89 (3.31) 51.31 (2.57)
FU3 50.07 (2.91) 52.41 (2.01) 48.68 (3.69) 51.14 (2.74)

Total sample

mean range p ercentiles

25 th median 75th

BL 50.06 (3.14) 33–55 48 51 52
FU1 50.20 (3.02) 36–55 48 51 52
FU2 50.29 (3.02) 34–55 49 51 52
FU3 50.26 (3.26) 33–55 49 51 53

Val ues in parentheses represent SDs.
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   This RCI value exceeds the 90% confidence interval of 
 8 1.645 and indicates by definition a significant (i.e. reli-
able) change in post-test scores. In both examples, the raw 
difference in test scores was 5. Note that in the first ex-
ample, the pre-test score was an extreme value (55) and 
the decline was towards the mean. In contrast, in the sec-
ond example, the pre-test score was near the mean and 
the post-test score declined away from the mean. Thus, 
both cases reflect different situations and are interpreted 
differentially. A change in test scores towards the mean 
resulted in a lower RCI, and a change of test scores away 
from the mean resulted in a higher RCI, which indicated 
a significant (i.e. reliable) change.

  Discussion 

 The purpose of this study was to evaluate RCI scores 
for the SIDAM in consideration of sociodemographic fac-
tors and their impact on SIDAM test scores. Clinically 
meaningful (i.e. reliable) changes in SIDAM test scores 
were evaluated by computing age- and education-specif-
ic RCI scores for a large sample of cognitively healthy per-
sons in older age groups (mean age 79.1 years) who were 
tested at 1.5-year intervals over a period of approximate-
ly 4.5 years. The educational level of each participant was 
classified on the basis of the new Comparative Analysis 
of Social Mobility in Industrial Nations educational clas-
sification, enabling the comparison of different European 
educational systems  [24] .

  In accordance with other findings, the sociodemo-
graphic factors age and education had a significant im-
pact on SIDAM test performance  [17] . Generally, test 
scores of comparable neuropsychological instruments, 
for example the Alzheimer’s Disease Assessment Scale 
cognitive subtest  [25]  and its revised version, the Vascular 
Dementia Assessment Scale cognitive subscale  [26] , are 
known to be influenced by age and education  [27, 28] . 
Consequently, the impact of sociodemographic variables 
on test scores should be considered when calculating and 
interpreting RCIs. 

  Consistent with the findings of previous research  [16] , 
group level analyses via Friedman and Wilcoxon tests in-
dicated small but significant evidence for practice effects. 
The small magnitude of practice effects ( ! 1 point) could 
be explained by the fact that older adults’ abilities to ben-
efit from learning were found to have declined in com-
parison to middle-aged adults’ abilities to benefit from 
previous exposure to test materials due to age-related 
changes in fluid intelligence, perceptual speed and atten-
tion/concentration capacity  [29–31] . Nevertheless, prac-
tice effects are likely to occur in repeated neuropsycho-
logical assessments and should be considered when cal-
culating RCI scores. 

  As part of this study, possible effects of regression to 
the mean on SIDAM test scores were examined. Results 
of Kruskal-Wallis testing may reflect that extreme pre-
test SIDAM test scores may yield to less extreme post-test 
SIDAM test scores closer to the SIDAM group mean 
score, a statistical phenomenon that was also observed 

Table 4.  SIDAM mean raw difference scores for compared assessments and reliable change in SIDAM test scores according to the 
method suggested by Chelune et al. [10]

Age 75–79 years Age ≥80 years Total sample 
(n = 1,090)

Reliable change in total sample 
(n = 1,090)

low education
(n = 437)

middle/high
education
(n = 306)

low education
(n = 204)

middle/high
education 
(n = 143)

RD normal RI

Mean raw difference1

BL–FU1 0.2782.52 –0.1182.08 0.2782.74 –0.1582.69 0.1482.53 50 (4.6) 997 (91.5) 43 (3.9)
BL–FU2 0.3682.81 0.0482.06 0.2482.70 0.0882.33 0.2382.59 39 (3.6) 1,005 (92.2) 46 (4.2)
BL–FU3 0.3782.76 0.3082.18 0.0483.31 –0.0882.52 0.2082.80 49 (4.5) 991 (90.9) 50 (4.6)
FU1–FU2 0.0982.54 0.1582.00 –0.0382.69 0.2482.22 0.0982.45 44 (4.0) 997 (91.5) 49 (4.5)
FU2–FU3 0.0182.50 0.2581.83 –0.2183.02 –0.1782.51 –0.0382.56 67 (6.1) 987 (90.6) 36 (3.3)

Val ues represent means 8 SD or numbers (percentage), as appropriate. RD = Reliable deterioration; RI = reliable improvement. 
1 Positive values reflect improvements and negative values reflect decline in cognitive test scores.
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and reported in other studies  [16, 32] . In this study, data 
are provided to calculate individual RCI scores according 
to the method of Hsu  [11] , which takes into consideration 
possible effects of regression to the mean and may sub-
stantially contribute to the precise measurement of 
changes in test scores.

  The test-retest reliability coefficients observed in this 
study were acceptable and similar to the test-retest reli-
abilities observed in a previous study  [16] . In the next 
step, RCIs were derived from the psychometric qualities 

of the SIDAM to estimate changes. In this study, chang-
es in SIDAM from at least 3 to up to 5 points across dif-
ferent age and education subgroups were needed to con-
clude at the 90% confidence level that clinically mean-
ingful and reliable changes in SIDAM test scores had 
occurred. Smaller changes in SIDAM test scores are ex-
pected to occur without ‘real’ (i.e. reliable) changes in 
cognitive test performance and underlying cognitive 
abilities and most likely reflect measurement error, prac-
tice effects and/or normal aging effects. In comparison, 
Hensel et al.  [16]  reported RCI scores ranging from at 
least 4 to up to 7 points on the SIDAM, indicating reliable 
change. Presumably, the larger sample size in this study 
allowed more precise estimations, leading to smaller 
ranges of RCI scores. Furthermore, the magnitude of 
RCI ranges in this study seems to vary across different 
age and education subgroups, with older and more high-
ly educated individuals tending to yield smaller RCI 
ranges ( ̂  1 point). Research suggests that different cog-
nitive abilities, including fluid and crystallised abilities, 
show different trajectories of change across the life span. 
Several moderating lifestyle factors, including educa-
tional, occupational and mental activity, have been iden-
tified, which may have a protective impact on the devel-
opment of normal age-associated or pathological cogni-
tive decline  [29, 33, 34] . Accordingly, the high performance 
of older individuals in this study may be mediated by 
their high educational level. The results of this study may 
support the concept of ‘cognitive reserve’, suggesting 
that higher educational attainment may lead to a higher 
cognitive reserve capacity, which may lower the risk for 
cognitive decline, pathological brain changes and inci-
dent dementia  [35] .

  In recent studies, the SIDAM was found to significant-
ly discriminate between subjects with and without de-
mentia and to be useful for the detection of pre-clinical 
stages of dementia such as MCI  [13, 19, 36, 37] . There is 
evidence from many studies that especially persons in 
older age groups suffering from MCI show an increased 
risk of developing dementia in the future  [38–40] . In clin-
ical practice, the use of neuropsychological tests, for ex-
ample the SIDAM, is essential for the diagnosis of MCI 
and dementia  [41] . Insufficient psychometric quality 
characteristics of the instrument and a lack of normative 
data can diminish diagnostic accuracy and lead to mis-
classification. Against this background, change norms 
for the SIDAM to diagnose and monitor cognitive chang-
es over longer time periods are indispensable, and RCI 
scores may enhance the reliability of MCI and dementia 
diagnoses. Hence, this study extends the results of previ-

Table 5.  Age- and education-specific test-retest reliability and 
RCIs for the SIDAM according to the method of Chelune et al. [10]

Age 75–79 years Age ≥80 years

low edu-
cation
(n = 473)

middle/
high edu-
cation
(n = 204)

low edu-
cation
(n = 306)

middle/
high edu-
cation
(n = 143)

Test-retest reliability
BL–FU1 0.57 0.53 0.62 0.58
BL–FU2 0.47 0.48 0.65 0.56
BL–FU3 0.53 0.45 0.54 0.47
FU1–FU2 0.56 0.52 0.63 0.62
FU2–FU3 0.60 0.57 0.61 0.48

SED
BL–FU1 2.70 2.04 2.93 2.36
BL–FU2 2.99 2.12 2.79 2.42
BL–FU3 2.83 2.18 3.21 2.65
FU1–FU2 2.69 2.09 2.68 2.47
FU2–FU3 2.50 1.80 2.91 2.62

SEP
BL–FU1 2.39 1.78 2.64 2.10
BL–FU2 2.57 1.83 2.54 2.14
BL–FU3 2.47 1.86 2.82 2.27
FU1–FU2 2.38 1.82 2.42 2.23
FU2–FU3 2.23 1.59 2.62 2.25

RCIs
BL–FU1 (1.63)1 –4≤, ≥+5 –3≤, ≥+3 –5≤, ≥+5 –4≤, ≥+4
BL–FU2 (3.07) –5≤, ≥+5 –3≤, ≥+4 –4≤, ≥+5 –4≤, ≥+4
BL–FU3 (4.64) –4≤, ≥+5 –3≤, ≥+4 –5≤, ≥+5 –4≤, ≥+4
FU1–FU2 (1.44) –4≤, ≥+5 –3≤, ≥+4 –4≤, ≥+4 –4≤, ≥+4
FU2–FU3 (1.57) –4≤, ≥+4 –3≤, ≥+3 –5≤, ≥+5 –4≤, ≥+4

R CIs were calculated according to the method of Chelune et 
al. [10], which accounts for measurement error and practice ef-
fects. Test-retest reliability was calculated in terms of Spearman’s 
r. Correction for practice/decline was determined by subtracting 
the post-test SIDAM mean score from the pre-test SIDAM mean 
score and then rounding to the nearest integer.

1 Mean time intervals in years are given in parentheses.
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ous investigations by providing age- and education-spe-
cific RCI reference values accounting for factors such as 
measurement error, practice effects (method of Chelune 
et al.  [10] ) and regression to the mean (method of Hsu et 
al.  [11] ) for cognitively healthy individuals aged 75 years 
and older. In a comparison of different methods for mea-
suring cognitive change in older adults, both RCI meth-
ods were found to be diagnostically useful in the elderly 
population  [8] . Moreover, RCI methods were found to 
contribute to the prediction and early diagnosis of de-
mentia  [18] . 

  The limitations of this study are related to the applica-
bility of the calculated RCIs. Firstly, the presented RCI 
scores may only be appropriate for persons aged 75 years 
and older. However, research indicates a higher preva-
lence of dementia diseases with increasing age  [42–44] . 
Therefore, RCI scores for older age groups may be par-
ticularly useful. Secondly, test-retest intervals substan-
tially longer or shorter than 1.5 years may not be inter-
pretable. Additional research examining the utility of the 
RCI methods with different test-retest intervals, for ex-
ample 1 or 2 years, is needed. On the other hand, other 
investigations suggest that RCI methods should be used 
after a sufficient amount of time between assessments to 
account for normal variability in natural aging and to 
avoid additional practice effects, which were found to be 
most likely to occur with shorter test-retest intervals  [7, 
8, 45] . Furthermore, the study did not systematically in-
vestigate the potential impact of other variables on 
test scores, for example motivation, intellectual capaci-
ty, medication or comorbidity. Thus, cognitively healthy 
participants could have been excluded from the study 
sample due to low test scores from factors other than cog-
nitive impairment. However, the comprehensive cogni-
tive assessment applied in this study widely ensured that 
only participants with no MCI or dementia were included 
in the study sample.

  In conclusion, nonpathological cognitive decline usu-
ally occurs as part of normal aging processes. The assess-
ment of reliable changes in cognitive abilities in older 
adults is crucially important in order to differentiate 
these normal aging effects from pathological cognitive 
decline probably leading to dementia. Cognitive screen-
ing and neuropsychological testing supported by RCI 
scores may help clinicians to determine and interpret 
cognitive changes in the elderly population over time and 
enhance early detection and reliable diagnosis of MCI 
and dementia. Future research should address the publi-
cation of change norms for further established neuropsy-
chological instruments. Future research should also in-

clude the examination and validation of change score 
methods, particularly the RCI, in other clinical samples 
of older adults and for study designs covering different 
test-retest intervals and overall time periods. In addition, 
further analyses of the sensitivity and prognostic value of 
RCIs would be desirable.

  Appendix 

 Age- and education-specific RCIs were calculated following 
the procedure of Chelune et al.  [10] :  

2 1 2 1X X M M
RCI

SED
   where X 1  is the observed pre-test score, X 2  is the observed post-
test score, M 1  is the group mean pre-test score, M 2  is the group 
mean post-test score and SED is the standard error of a differ-
ence. The difference (X 2  – X 1 ) represents the individual change 
in SIDAM test score (individual level), and the difference (M 2  
– M 1 ) reflects the mean change in SIDAM test score within the 
normative sample (group level). An average improvement in test 
performance within the normative sample (M 2  – M 1   1  0) is in-
terpreted as a practice effect at a group level; thus, the individu-
al change is corrected for the average practice effect using the 
term ((X 2  – X 1 ) – (M 2  – M 1 )). The SED is taken as the standard 
deviation of the mean observed difference score using the for-
mula SED = (2  !  SEM 2 ) 1/2 , where SEM = SD[(1 – r) 1/2 ], SD rep-
resents the pre-test SD of the SIDAM and r is the reliability coef-
ficient. 

  RCI values larger than  8 1.645 (p  !  0.10, two-tailed predic-
tion) were defined as representing a reliable change (i.e. reliable 
improvement, reliable deterioration) in SIDAM test scores and 
would be expected to occur without real change only 10% of the 
time by chance (two-tailed prediction). In order to determine the 
SIDAM difference (X 2  – X 1 ) which is equivalent to an RCI of 
1.645, the formula above was solved for (X 2  – X 1 ). The results were 
rounded to the subsequent integer, as an individual can change 
only in points (integers). Furthermore, data are provided to enable 
the reader to calculate age-, education- and gender-specific RCIs 
according to the method suggested by Hsu  [11]  with the following 
formula: 

2 2 1 1xxX M r X M
RCI

SEP

   where X 1 , X 2 , M 1  and M 2  are as previously defined and SEP = SD
(1 – r 2  xx ) 1/2 . SD is the SD of the pre-test score and r xx  is the reli-
ability coefficient  [11] .
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