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Abstract
Background: Repeated administration of psychometric
instruments frequently results in a higher score on re-
testing, the so-called training effect. Yet, a training effect
has been poorly considered in longitudinal studies of
cognitive changes in older persons. Methods: We inves-
tigated the presence, magnitude and potential adjust-
ments for training effect in the older participants of the
Systolic Hypertension in the Elderly Program (SHEP).
SHEP evaluated the cognitive status effects of a diuretic-
based treatment of isolated systolic hypertension versus
placebo. Changes in the short Comprehensive Assess-
ment and Referral Evaluation (short-CARE) question-
naire score, from baseline through 4 years of follow-up,
were assessed in 4,718 participants. In this study, we
used two regression techniques to adjust data for the
training effect. Results: In both study groups, a training
effect was evident as a progressive improvement in the
short-CARE score throughout year 1. Thereafter, cogni-

tive scores tended to deteriorate, more in the placebo
than in the active treatment group (p = 0.055). When fol-
low-up scores were adjusted based upon baseline data,
the difference between the study groups reached statisti-
cal significance (p = 0.019), but the apparent overall trend
towards deterioration in cognitive score was no longer
observed. Adjustment of baseline data preserved this
apparent temporal course, but did not improve the dis-
crimination between the two study groups (p = 0.165).
Conclusions: In SHEP, repeated cognitive assessments
were likely biased by a training effect which could be
only partially corrected by statistical techniques. Studies
of changes in the cognitive status of older persons
should be designed appropriately to estimate and mini-
mize the consequences of a training effect in follow-up
data.

Copyright © 2002 S. Karger AG, Basel

Introduction

Cognitive disorders are common in older adults. De-
mentia has an age-related prevalence, increasing from
1.4% in subjects 65–69 years old to 20.8% in those 80–89
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years old [1]. In 1997, 2.32 million Americans were
affected by Alzheimer’s disease, which accounted for
almost 50% of all cases of dementia. Hence, with the pro-
gressive aging of the population, dementia is projected to
be a major public health problem [1].

The quantitative evaluation of dementia as a syn-
drome relies in part on psychometric evaluation [2]. Stan-
dardized questionnaires are useful diagnostic aids, partic-
ularly to confirm an uncertain diagnosis or to monitor the
progression of the disease in serial evaluations. The need
for repeated assessments is also great in research to esti-
mate the rate of cognitive decline and the incidence of
dementia in older populations [3, 4], the efficacy of new
therapies for dementia [5] or potential cognitive side
effects of drugs administered with diverse indications.

However, from the psychological literature, it is well
known that repeated administration of the same cognitive
test results in a higher score on retesting [6, 7], a phenome-
non commonly called the ‘training effect’ [8]. Training
effect is a particular threat to reliability, or how stable the
measure is over time [9], and can be partly reduced with
appropriate instrument design and administration meth-
ods [10]. Statistical techniques have also been proposed to
correct for the training effect when a control group is
available and a single postintervention evaluation is plan-
ned [11–13]. These techniques correct posttest measure-
ments in the intervention group based on results obtained
in the control group.

Surprisingly, the possible impact of a training effect on
longitudinal evaluation of cognitive status has been poor-
ly addressed in geriatric research. The present study was
undertaken primarily to detect and characterize the train-
ing effect in a large group of older persons followed longi-
tudinally in a clinical trial. A second aim of this study was
to investigate whether the training effect can be adequate-
ly corrected with statistical methods based on regression
techniques [13]. We considered data from the Systolic
Hypertension in the Elderly Program (SHEP) trial, which
assessed the effect of antihypertensive treatment on cog-
nitive changes in older adults [14].

Methods

Design and Participants
SHEP [15] was a multicenter, randomized, double-blind clinical

trial, which enrolled 4,736 participants age 660 years, screened from
the community for the presence of isolated systolic hypertension.
The blood pressure inclusion criteria were seated systolic blood pres-
sure of 160–219 mm Hg and diastolic blood pressure !90 mm Hg,
assessed as the average of four measurements in two visits. The par-

ticipants were randomized to active treatment (chlorthalidone in
step 1 and atenolol or reserpine added in step 2, if the therapeutic
goal of a systolic blood pressure of !160 mm Hg or reduced by
20 mm Hg from baseline had not been achieved) or placebo.

Major endpoints of the trial were cardiovascular events in a 5-
year follow-up period. Cognitive status was considered as an ancilla-
ry therapeutic endpoint [14]. The present study focuses on the first 4
years of follow-up of the 4,718 participants who had valid baseline
data for cognitive status.

Cognitive Evaluation
A revised form of the short Comprehensive Assessment and

Referral Evaluation (short-CARE) questionnaire was used for cogni-
tive assessment [14]. This instrument has 9 items covering orienta-
tion to time (current month and year), personal information (name,
birth date, address, telephone), general information (current and past
president) and new learning (interviewer’s name). It is scored by enu-
merating the errors from 0 to 9; therefore, the higher the score, the
worse the cognitive status.

In SHEP, behavioral evaluations were performed at baseline, at
quarterly visits during the phase of drug titration and semiannually
thereafter. A score 64 was the cutoff for a positive screening which
prompted referral for a clinical diagnostic evaluation.

Analytic Procedures
SPSS 10.1 and SAS 6.12 for Windows were used for statistical

analysis. Mean values are expressed as mean B standard error (SE)
of the mean.

To correct for training effect, the linear regression method em-
ployed by McSweeny et al. [13] was first considered. This method
uses linear regression to predict the postintervention scores based on
the baseline scores. Accordingly, we first fitted each annual follow-up
short-CARE score in the placebo group as the dependent variable of a
regression equation whose independent variable was the baseline
score. Then, based on the regression coefficients, predicted scores
(Yp) were calculated for both groups. A deviation score was calcu-
lated as the difference between Yp and the observed scores (Yo),
divided by the standard error of the estimate (SEest) from the regres-
sion equation, finally converting these deviates into standardized T
scores with a mean of 50 and a standard deviation of 10 [13], accord-
ing to the following formula:

T = 50 + 10 ! 
(Yo – Yp)

SEest
.

By definition, with this method, the average standardized T scores in
the placebo group will always be equal to 50, regardless of the actual
change in the score from baseline.

Alternative to the method of McSweeny et al. [13], we developed
a new regression method to adjust for training effect. We postulated
that the baseline score did not represent the true cognitive status of
the participant and needed to be adjusted based on subsequent
achievements. Therefore, for the participants assigned to placebo
with baseline score 10, we regressed the difference between year 1
and baseline score (¢score) over the year 1 score. Age, gender, race,
years of formal education and blood pressure were tested as other
multivariate predictors in further models. The coefficients from the
equation developed in the control group were used to predict ¢score in
both treatment groups, and the baseline score was adjusted by adding
this predicted ¢score to the original score. The adjusted score was not
allowed to be !0 or 19.
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Fig. 1. Changes in the short-CARE cognitive
score during the follow-up in the active treat-
ment and placebo groups of the SHEP trial.
a Scores from baseline (BL) through year 1–
4 (Y1–Y4) assessments. b Scores in partici-
pants who received all the quarterly assess-
ments (Q1–Q3) from baseline through year
1. The numbers of participants in the two
study groups are reported below the graphs.
Results are shown as mean B SE. Active
treatment versus placebo: p = 0.055.

To evaluate the longitudinal effect of antihypertensive treatment
on cognitive status, and to evaluate whether the adjustment of the
baseline score influenced the interpretation of treatment effect, the
SAS PROC MIXED was used, an ANOVA procedure that minimizes
the effect of missing values in repeated-measures analysis. Differ-
ences in cognitive status were analyzed by comparing between the
study groups the original scores, the standardized T deviates and the
score sequences with adjusted baseline. All these ANOVA models
included age, gender, race and education as possible covariates.

A two-tailed p value less than 0.05 was considered statistically
significant.

Results

Changes in the Original Short-CARE Scores Over
Time
The mean numbers of short-CARE questionnaire er-

rors from baseline through follow-up year 4 are shown in
figure 1a. At baseline, participants in the active treatment
and the placebo groups had comparable characteristics
[15], including short-CARE scores [14]. In both study
groups, the cognitive score decreased dramatically from
baseline to year 1 and showed a slow and progressive
increase thereafter consistent with a mild decline in cogni-
tion. When the original scores were compared from base-
line through follow-up, the difference between the active
treatment and placebo groups was a trend which ap-
proached statistical significance (p = 0.055, adjusted for
age, gender, race and education; fig. 1a).

The apparent improvement from baseline to year 1
was in part an artifact associated with selective dropout of
subjects with worse cognitive status at baseline [16]. On

Fig. 2. Baseline short-CARE scores in participants who did and did
not receive cognitive assessment in year 1 follow-up. Results are
shown as mean B SE. Placebo: assessed (n = 2,125) versus not
assessed (n = 194), p ! 0.001. Active treatment: assessed (n = 2,117)
versus placebo (n = 117), p ! 0.001.

average, participants who missed the first annual visit had
worse baseline scores than those who were assessed, in
both treatment groups (fig. 2). However, paired compari-
sons of those participants who underwent all the quarterly
follow-up assessments in the first year confirmed a
marked, stepwise decline in short-CARE score, indepen-
dent of any selective dropout artifact (fig. 1b). The appar-
ent improvement had the same magnitude and time trend
in the two treatment groups. Overall, the short-CARE
score declined to approximately 50% of the initial score in
the first year, a magnitude much greater than the ex-
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Fig. 3. Profiles of McSweeny T scores for change in short-CARE cog-
nitive assessment in the active treatment and placebo groups of the
SHEP trial from year 1 to year 4 (Y1–Y4). Note that the sign of the
comparison is reversed, as compared to the original short-CARE
instrument, with higher scores indicating better cognitive status.
Number of participants in the two study groups are reported below
the graph. Results are shown as mean B SE. Active treatment versus
placebo: p = 0.019.

Fig. 4. Changes in short-CARE cognitive score during follow-up in
the active treatment and placebo groups of the SHEP trial, from base-
line (BL) through year 1–4 (Y1–Y4), after the baseline score was
adjusted for training effect. Numbers of participants in the two study
groups are reported below the graph. Results are shown as mean B
SE. Active treatment versus placebo: p = 0.165.

pected, slow increase observed in the subsequent years.
This change is unlikely secondary to cognitive improve-
ment, whereas it strongly suggests a training effect
(fig. 1b).

Correction for Training Effect and Comparison
between Study Groups
When the method of McSweeny et al. [13] was used,

the standardized T scores in the placebo group were con-
stantly equal to 50, and the corresponding scores in the
active treatment group were higher than 50 (fig. 3). In
contrast to the original data (fig. 1a), the transformed val-
ues did not show any progressively increasing separation
between the two treatment groups, but rather they sug-
gested a blunting difference with time (fig. 3). Overall, the
difference in the standardized T scores between the active
treatment and placebo groups was statistically significant
(p = 0.019, adjusted for age, gender, race and education).

To develop our alternative approach, we first regressed
¢score based on the year 1 score for the 622 participants of
the control group with a baseline short-CARE score 10.
The resulting equation was statistically significant [b =
0.625, SE(b) = 0.025, intercept = –1.065; p ! 0.001]. The
year 1 score alone explained approximately half of the
variance in ¢score (R2 = 0.49). Other significant predictors
were age, race and years of formal education, but alto-

gether they contributed to less than 3% of the explained
variance and hence were not used to adjust baseline score.
Blood pressure was not a significant predictor of ¢score

(data not shown). The regression coefficients derived
from the control group were applied to predict ¢score also
in the active treatment group, and in both groups, ¢score

was then added to the baseline score. The adjusted base-
line score appeared slightly lower than follow-up scores.
Correction of baseline scores did not improve discrimina-
tion between the active treatment and placebo groups (p =
0.165, adjusted for age, gender, race and education;
fig. 4).

Discussion

Training effect can impair the reliability of an instru-
ment, degrading a measure over time. Ideally, studies
designed to detect treatment effects or change over time
will have considered the training effect during the design
or administration of the instrument [10]. If no change in
the participant occurs, a reliable and adequately adminis-
tered instrument should report similar scores for the same
person when the measure is repeated. Conversely, be-
cause of a training effect, the same individual’s score may
spuriously improve independently of a true change in the
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construct being measured [6, 7]. Unfortunately, the stabil-
ity of most of the instruments for cognitive assessment of
the geriatric population is unknown, and only a few neu-
ropsychological instruments have parallel forms which
would reduce the impact of training on the retest chal-
lenge. Moreover, replicated administration is rarely used
to improve the reliability of a given measure in observa-
tional or intervention studies. Thus, the training effect has
been substantially overlooked in may investigations.

The SHEP trial provides data on cognitive changes in a
large, population-based, sample of older persons during a
4-year follow-up period. The apparent time course of the
short-CARE scores collected in SHEP showed a two-
phase temporal pattern, represented by a dramatic reduc-
tion in the number of errors from baseline to year 1, fol-
lowed by a subsequent, slow increase thereafter. Whereas
the second phase is consistent with a mild decline over
time that could be expected in older persons, the apparent
decrease in the short-CARE score observed during the
first year of follow-up is unlikely to be attributable to
improved cognitive status. Instead, this finding strongly
suggests the presence of a training effect artifact. This
interpretation is specifically supported by the improve-
ment, similar in the two treatment groups, observed in
those participants who were assessed quarterly in year 1.
the impact of a training effect on cognitive performance
in the first year appeared to be much greater than the
expected progressive impairment observed in subsequent
years. Evidently, the short-CARE instrument, a simple 9-
item screening questionnaire exploring basic cognitive
performance, gave results highly susceptible to improve-
ment on retest challenge and, therefore, of questionable
reliability.

To our knowledge, this is the first investigation that
reports on the presence and magnitude of a training effect
in a large older population sequentially examined at close
time intervals. In can be argued that our findings are not
generalizable to other neuropsychological tests. Indeed,
instruments with more items and greater complexity than
the short-CARE might be less prone to a training effect.
Yet, test-retest reliability of other popular tests, such as
the Mini-Mental State Examination, has not been exam-
ined in previous studies [17] or has been assessed only in
small samples [18]. Similarly, there is scarce literature
speculating on the importance of a training effect of other
factors, such as the number of repetitions and their time
interval or the presence of underlying memory deficits. If
the findings observed in SHEP are to some extent general-
izable, this would imply that the time span and the num-
ber of repeated measurements during which a training

effect can occur are larger than has been usually consid-
ered.

Regression methods have been proposed to adjust for
the effects of training [11–13]. However, neither the tech-
nique of McSweeny et al. [13] not our original method
gave completely satisfactory results applied to the SHEP
data. The application of the technique of McSweeny et al.
[13] enhanced the discrimination between study groups,
which resulted in a statistically significant difference. Yet,
the time course of the standardized T scores was counter-
intuitive, since the difference between participants in the
placebo and the active study groups decreased with time,
when in fact the original scores appeared to diverge dur-
ing the follow-up. Therefore, use of the technique of
McSweeny et al. [13] seems most appropriate when a sin-
gle postintervention measure is collected.

The regression technique we developed had the advan-
tage of implying fewer calculations and preserving the
overall time trend of cognitive changes in the study
groups, since the adjustment was limited to the baseline
score. Nevertheless, it did not improve discrimination
between the two study groups, as compared with the origi-
nal data.

We believe that our results have relevant implications
in the designing of investigations that include repeated
evaluations of cognitive function. It can be speculated
that our findings have a greater relevance for observation-
al studies than for clinical trials, in which the comparison
among assignment groups is more important than the
simple detection of change over time. However, our study
also shows that statistical correction for training effect, as
can be performed in clinical trials using the data from the
control group, is not completely satisfactory. Thus, both
observational and intervention studies should select in-
struments with proven stability, and/or dedicate time and
resources to repeat baseline testing, to minimize and esti-
mate the consequences of training in follow-up data and
to improve the reliability of repeated cognitive measures
of older persons.

Additionally, this study contributes to a reappraisal of
the cognitive effects of antihypertensive treatment in
SHEP. Previous published findings from SHEP stated
that the proportion of participants who were referred for
dementia evaluation was similar in the two study groups
[15]. Active treatment had no measurable effect on cogni-
tion, estimated as the change in short-CARE score from
baseline to the last available evaluation [14]. A subse-
quent study reported that the cognitive assessment in
SHEP was likely biased by selective dropout of the partic-
ipants who were assigned to placebo. Sensitivity analyses
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suggested that when 20–30% of subjects missing from fol-
low-up evaluations were assumed to be cognitively im-
paired, assignment to active treatment reduced the risk of
this outcome [16]. In this further analysis, cognitive
decline tended to be lower in the active treatment group
than in the placebo group, although a statistically signifi-
cant difference was observed only with the standardized T
scores. Due to the selective dropout previously men-
tioned, we believe that these findings are still biased
towards the null effect, yet they suggest that in older per-

sons with isolated systolic hypertension, cognitive decline
could be slowed by a diuretic-based antihypertensive ther-
apy.

Acknowledgments

The authors thank Miss Tonya Holmes for her secretarial assis-
tance. This study was supported by grant R03 HL5995-01A1 from
NHLBI and grant 5 P60 AG10484 from Claude D. Pepper Older
Americans’ Independence Center.

References

1 Brookmeyer R, Gray S, Kawas C: Projections
of Alzheimer’s disease in the United States and
the public health impact of delaying disease
onset. Am J Public Health 1998;88:1337–
1342.

2 Larrea FA, Fisk JD, Graham JE, Stadnyk K:
Prevalence of cognitive impairment and de-
mentia as defined by neuropsychological test
performance. Neuroepidemiology 2000;19:
121–129.

3 Brayne C, Spiegelhalter DJ, Dufouil C, Chi LY,
Dening TR, Paykel ES, O’Connor DW, Ahmed
A, McGee MA, Huppert FA: Estimating the
true extent of cognitive decline in the old old. J
Am Geriatr Soc 1999;47:1283–1288.

4 Hui SL, Gao S: Spacing of follow-up waves in
incidence studies. Stat Med 2000;19:1567–
1575.

5 Thomas RG, Berg JD, Sano M, Thal L: Analy-
sis of longitudinal data in an Alzheimer’s dis-
ease clinical trial. Stat Med 2000;19:1433–
1440.

6 Mitrushina M, Satz P: Effect of repeated ad-
ministration of a neuropsychological battery in
the elderly. J Clin Psychol 1991;47:790–801.

7 Macciocchi SN: ‘Practice makes perfect’: Re-
test effects in college athletes. J Clin Psychol
1990;46:628–631.

8 Catron D, Thompson C: Test-retest gains in
WAIS scores after four retest intervals. J Clin
Psychol 1979;35:352–357.

9 van Belle G, Arnold A: Reliability of cognitive
tests used in Alzheimer’s disease. Stat Med
2000;19:1411–1420.

10 Cohen R, Swerdlik M, Smith D: Psychological
Testing and Assessment, ed 2. Mountain View,
Mayfield, 1992.

11 Bruggemans EF, Van de Vijver FJ, Huysmans
HA: Assessment of cognitive deterioration in
individual patients following cardiac surgery:
Correcting for measurement error and practice
effects. J Clin Exp Neuropsychol 1997;19:543–
559.

12 Chelune G, Naugle R, Lüders H, Sedlak J,
Awad I: Individual change after epilepsy sur-
gery: Practice effects and base-rate informa-
tion. Neuropsychology 1999;7:41–52.

13 McSweeny A, Naugle R, Chelune G, Lüders H:
‘T scores for change’: An illustration of a regres-
sion approach to depict change in clinical neu-
ropsychology. Clin Neuropsychol 1993;7:300–
312.

14 Applegate WB, Pressel S, Wittes J, Luhr J, She-
kelle RB, Camel GH, Greenlick MR, Hadley E,
Moye L, Perry HM Jr, et al: Impact of the treat-
ment of isolated systolic hypertension on be-
havioral variables. Results from the systolic
hypertension in the elderly program. Arch In-
tern Med 1994;154:2154–2160.

15 Prevention of stroke by antihypertensive drug
treatment in older persons with isolated sys-
tolic hypertension. Final results of the Systolic
Hypertension in the Elderly Program (SHEP).
SHEP Cooperative Research Group. JAMA
1991;265:3255–3264.

16 Di Bari M, Pahor M, Franse LV, Shorr RI,
Wan JY, Ferrucci L, Somes GW, Applegate
WB: Dementia and disability outcomes in large
hypertension trials: Lessons learned from the
Systolic Hypertension in the Elderly Program
(SHEP) trial. Am J Epidemiol 2001;153:72–
78.

17 Tomabaugh TN, McIntyre NJ: The mini-men-
tal state examination: A comprehensive re-
view. J Am Geriatr Soc 1992;40:922–935.

18 Harvey PD, White L, Parrella M, Putnam KM,
Kincaid MM, Powchik P, Mohs RC, Davidson
M: The longitudinal stability of cognitive im-
pairment in schizophrenia. Mini-mental state
scores at one- and two-year follow-ups in geriat-
ric in-patients. Br J Psychiatry 1995;166:630–
633.


