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with different severity are included or different instruments 
are used. Alternatively, severity-adapted endpoints should 
be used for appraisal and meta-analysis of therapeutic effi-
cacy.  Copyright © 2011 S. Karger AG, Basel 

 Background 

 Prevalence of Alzheimer’s disease (AD) and other de-
mentias are increasing in the aging societies of the West-
ern hemisphere. The duration of dementia from the mild 
to the severe stage is several years. Patients remain in each 
stage for about 3–5 years with a slow and steady decline 
of function in AD. Currently, most clinical studies are 
performed in the mild-to-moderate stage of disease or in 
moderate-to-severe stage of disease. To measure the ef-
ficacy, clinical studies employ a variety of instruments. 
For a multitude of reasons the numerical results of clini-
cal studies comparing different treatments vary. Meta-
analyses on standardized mean differences are performed 
in recent times to account for variance of the magnitude 
of effects in clinical studies. In dementia research, meta-
analyses pertain to the assessment of ‘cognition’, ‘behav-
ior’, and ‘activities of daily living’. These, however, are 
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 Abstract 

  Background/Aims:  Global cognitive scales and meta-analy-
ses thereof are used to appraise therapeutic efficacy over a 
broad range of disease severity. Clinically, however, different 
aspects of cognition change in different stages of disease. 
 Methods:  Calculation of effect sizes for single cognitive 
functions on treatment as assessed by the Alzheimer’s Dis-
ease Assessment Scale (ADAS-cog), the Mini-Mental-Status 
Examination (MMSE), and the Severe Impairment Battery 
(SIB). In these scales, subdomains of ‘cognition’, e.g. memory 
and language, are represented in different proportions. To 
exemplify the analysis of ‘cognition’, we used original data
of previously published clinical studies with memantine. 
  Results:  Depending on dementia severity and on the scale 
used, the effect size for memory varies between –0.44 and 
+0.34 and for language between –0.40 and +0.26.  Conclu-

sion:  Beyond interstudy variance, effect sizes for treatment 
with antidementia drugs are subject to disease stage, instru-
ments used, and interaction thereof. Therefore, clinical in-
terpretation is necessary to appraise therapeutic efficacy
in clinical studies and meta-analyses thereof when patients 
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composite measures, e.g. ‘cognition’ comprises single 
cognitive functions such as memory, orientation, and 
language.

  In clinical studies, ‘cognition’ is measured with stan-
dardized composite scales. Most frequently used are the 
Alzheimer’s Disease Assessment Scale (ADAS-cog)  [21] , 
the Mini-Mental-Status Examination (MMSE)  [6] , and, 
more recently, in advanced stages of dementia, the Severe 
Impairment Battery (SIB)  [24] . To interpret the findings 
using these composite scales, one needs to bear in mind 
that overall decline in the composite endpoint results 
from decline of function in different domains. With ad-
vancing severity of dementia the spectrum of symptoms 
changes so that a reduction of the total MMSE score re-
flects impairment of memory in early stages of disease 
but loss of function in other cognitive domains in later 
stages  [2] . For instance, a three-point loss in the MMSE 
score likely indicates impairment of memory in mild AD 
(MMSE  1 20) while a loss of three points in severe AD 
(MMSE  ! 10) may reflect apraxia or other symptoms. 
Considering the difference in underlying neural net-
works, it is likely that sensitivity to change on enhance-
ment of neurotransmission is different for these aspects 
even though they are summarized as ‘cognition’. It has 
already been reported that the ADAS-cog and its sub-
scales provide maximum information at moderate levels 
of cognitive dysfunction  [3] . Raw score differences to-
ward the lower and higher ends of the scale corresponded 
to large differences in cognitive dysfunction, whereas raw 
score differences toward the middle of the scale corre-
sponded to smaller differences  [3] . In fact, in more severe 
stages of disease the ADAS-cog loses its sensitivity of 
change so much that the severe impairment battery was 
developed to assess patients who are unable to complete 
tests such as the ADAS-cog  [24] .

  It was the goal of the present analysis to assess how 
mean weighted differences are affected by the interaction 
of instrument and disease severity. To achieve this we an-
alyzed subscales of established instruments (ADAS-cog, 
MMSE, SIB) targeting similar functions (memory, orien-
tation, language) in patients with moderate-to-severe AD 
treated with memantine.

  Methods 

 Patients and Clinical Studies   
 Only two clinical studies used parallel instruments to target 

‘cognition’ in patients with dementia treated with memantine. 
The analyses in this manuscript were calculated from the origi-
nal data of two clinical studies conducted in the USA, study 9605 

 [19]  and MD-12  [18] . Study 9605 was sponsored by Merz Phar-
maceuticals GmbH, took place from 1998–1999 and had a total 
population size of 252 patients (126 randomized for memantine, 
126 for placebo) with probable AD with moderate-to-severe to 
severe dementia (MMSE range 3–14). Outcome measures in this 
study were the Clinician’s Interview-Based Impression of Change 
Plus Caregiver Input (NYU-CIBIC-Plus), the ADCS-ADL modi-
fied for more severe dementia (ADCS-ADLsev), the SIB, the 
MMSE, the Global Deterioration Scale, the Functional Assess-
ment Scale (FAST), the Neuropsychiatric Inventory (NPI), and 
the Resource Utilization in Dementia (RUD). Study MD-12 was 
sponsored by Forest Laboratories Inc., took place from 2002–
2003 and had a total population size of 433 patients (217 random-
ized for memantine and 216 for placebo) with probable AD with 
mild-to-moderate dementia (MMSE range 10–22) and included 
only patients already on stable medication with acetylcholines-
terase inhibitor. Outcome measures in this study were the Clini-
cian’s Interview-Based Impression of Change Plus Caregiver In-
put (ADCS-CGIC-CIBIC-Plus), the MMSE, the cognitive part of 
the ADAS-cog, the NPI, the ADCS-ADL, and the RUD. For the 
present analysis, only patients in-label for prescription of me-
mantine, i.e. with an MMSE score between 10 and 19, were in-
cluded.

   Mini-Mental Status Examination  
The MMSE  [6]  score is between 0 and 30 (best) with subscales 

orientation (0–10), language (0–7), memory (0–6), attention (0–
5), and motor/constructional (0–2).

   Alzheimer’s Disease Assessment Scale  
The ADAS-cog  [21]  score is between 0 and 70 (worst) with sub-

scales memory (0–27; word recall (0–10), word recognition (0–12), 
remembering test instructions (0–5)), orientation (0–8), language 
(0–25; naming (0–5), following commands (0–5), spoken lan-
guage ability (0–5), word finding difficulty (0–5), language com-
prehension (0–5)), praxis (0–10; copy drawings (0–5), and ide-
ational praxis (0–5)).

   Severe Impairment Battery     
The SIB [24] score is between 0 and 100 (best) with subscales 

attention (0–6), orientation (0–6), language (0–46), memory (0–
14), visuospatial ability (0–8), praxis (0–8), construction (0–4), 
social interaction skills (0–6), and orienting to name (0–2).

   Patients  
Only two clinical studies used parallel instruments to target 

‘cognition’ in patients with dementia treated with memantine. 
One study assessed the efficacy of memantine treatment versus 
placebo treatment in patients with moderate-to-severe to severe 
AD  [19] , the other study analyzed treatment with memantine ver-
sus placebo in mild-to-moderate AD patients receiving stable 
dose of acetylcholinesterase inhibitor  [18] . The original data of 
these clinical studies were re-analyzed and a subgroup analysis 
was performed according to instrument used and according to 
the severity of disease.

  Calculation of Effect Sizes.  
MMSE total scores at baseline were used to stage severity of 

dementia. Study 9605 and MD-12 did not have exactly the same 
schedule of visits. Day 196 (study 9605) and day 168 (study MD-12) 
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were the visits closest to a 6-month observation period for the re-
spective study. Since progression of AD is slow, this difference in 
the timing of endpoints does not have an impact on the compara-
bility of the endpoints. Around 10% of the observations at the last 
visit are carried forward once in both treatment groups and both 
studies.

 Due to the different scales used in the two studies, it is not pos-
sible to pool study data and run an ANCOVA on all patients in 
both studies. We have used ANCOVA for each study with baseline 
scores as covariates, and then, as a second step, based on the out-
put from the ANCOVAs, carried out the meta-analysis. The ap-
plied ANCOVAs are based on random effects models, analyzed 
by using the mixed procedure in SAS, and include a test for het-
erogeneity.

  Effect sizes were calculated from the original data. In the cal-
culation of the effect sizes (standardized mean differences), the 
inverse variances were used as weights. The standard meta-ana-
lytic procedures applied yield pooled standard deviations, and 
consequently confidence intervals around standardized mean 
differences.

  In the MMSE and the SIB higher scores indicate better perfor-
mance; in the ADAS-cog lower scores indicate better perfor-
mance. For reasons of readability all analyses were performed so 
that negative effect sizes indicate that treatment with memantine 
is favored and positive effect sizes indicate that treatment with 
placebo is favored.

  Results 

 MMSE and SIB 
 In a population (study 9605) with moderately severe to 

severe dementia AD (MMSE  ! 15), the effect sizes at day 
196 were –0.23 (95% CI –0.47, 0.02) for the MMSE and 
–0.47 (95% CI –0.72, –0.22) for the SIB (LOCF method) 
for patients with moderately severe AD and severe AD, 
respectively ( table 1 ).

  To further analyze this difference we analyzed estab-
lished subscores of the MMSE and the SIB according to 
the severity of dementia and according to the cognitive 
subdomains ‘memory’, ‘orientation’, and ‘language’. In 
moderately severe patients (10  ̂   MMSE  !  15; msAD) the 
standard mean difference for ‘memory’ is calculated with 
–0.43 (–0.84, –0.02) for the MMSE and with –0.32 (–0.73, 
0.08) for the SIB. Likewise, the standard mean difference 
concerning ‘orientation’ is calculated with –0.49 (–0.90, 
–0.08) for the MMSE and –0.28 (–0.69, 0.12) for the SIB. 
Similarly, the difference is prominent concerning ‘lan-
guage’ with –0.20 (–0.60, 0.21) in the MMSE and –0.40 
(–0.81, 0.01) for the SIB.

  In a subgroup with severe dementia severity (MMSE 
 ! 10) we analyzed established subscores of the MMSE and 

Table 1.  Overall results regarding endpoint ‘cognition’ in two studies evaluating the treatment of memantine vs. placebo (9605) or me-
mantine plus acetylcholinesterase inhibitor vs. placebo plus acetlycholinesterase inhibitor (MD-12)

Study 
No.

Analysis Efficacy total 
score scale

MMSE
subgroup

MEM PBO ANCOVA

n mean SD n mean SD p valu e effect
size

95% CI low 95% CI high

9605 LOCF, SIB all included 126 –4.05 12.48 126 –9.92 12.48 <0.001*** –0.47 –0.72 –0.22
day 196 10 ≤ MMSE < 15 45 –2.12 13.64 49 –9.79 13.64 0.008** –0.56 –0.97 –0.14

MMSE < 10 81 –5.17 11.80 77 –9.95 11.80 0.012* –0.40 –0.72 –0.09

MMSE all included 126 –0.52 2.72 126 –1.14 2.72 0.070 –0.23 –0.47 0.02
10 ≤ MMSE < 15 45 0.11 3.18 49 –1.32 3.18 0.032* –0.45 –0.86 –0.04
MMSE <10 81 –0.88 2.36 77 –1.00 2.36 0.749 –0.05 –0.36 0.26

MD-12 LOCF, ADAS-cog all included 212 0.40 5.94 212 1.08 5.94 0.239 –0.11 –0.30 0.08
day 168 10 ≤ MMSE < 15 68 2.37 6.70 58 2.45 6.70 0.946 –0.01 –0.36 0.34

10 ≤ MMSE < 20 149 0.96 6.25 145 1.97 6.25 0.165 –0.16 –0.39 0.07
15 ≤ MMSE < 20 81 –0.13 5.69 87 1.56 5.69 0.056 –0.30 –0.60 0.01

MMSE all included 214 –0.24 3.04 213 –0.67 3.04 0.145 –0.14 –0.33 0.05
10 ≤ MMSE < 15 70 –0.95 3.05 59 –1.06 3.05 0.847 –0.04 –0.38 0.31
10 ≤ MMSE < 20 151 –0.69 2.87 146 –0.88 2.87 0.584 –0.07 –0.29 0.16
15 ≤ MMSE < 20 81 –0.51 2.75 87 –0.72 2.75 0.622 –0.08 –0.38 0.23

Stu dy 9605 and MD-12 did not have the same schedule of visits. Day 196 (study 9605) and day 168 (study MD-12) were the visits closest to a 6-month 
observation period. In the MMSE and the SIB, higher scores indicate better performance. In the ADAS-cog, higher scores indicate worse performance. 
For reasons of readability all analyses were performed so that negative effect sizes indicate that treatment with memantine is favored and positive effect 
sizes indicate that treatment with placebo is favored.
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the SIB targeting cognitive subdomains ‘memory’, ‘orien-
tation’, and ‘language’. The standard mean difference for 
‘memory’ is calculated with 0.09 (–0.22, 0.40) for the 
MMSE and with –0.44 (–0.76, –0.12) for the SIB. Like-
wise, the standard mean difference concerning ‘orienta-
tion’ is calculated with 0.00 (–0.31, 0.31) for the MMSE 
and –0.26 (–0.58, 0.05) for the SIB. The difference is 
prominent, also, concerning ‘language’ with 0.01 (–0.30, 
0.33) in the MMSE and –0.23 (–0.54, 0.09) for the SIB.

  The different fingerprints of efficacy according to cog-
nitive domain, test instrument, and disease severity are 
presented in  figure 1 .

  ADAS-cog and MMSE 
 In another population with mild-to-moderate to mod-

erately severe AD the standardized mean weighted dif-
ferences at day 168 were –0.14 (95% CI –0.33, 0.05) for the 
MMSE and –0.11 (–0.30, 0.08) for the ADAS-cog (LOCF 
method) for patients with moderate AD and moderately 
severe AD, respectively ( table 1 ).

  To further analyze this difference, we analyzed estab-
lished subscores of the ADAS-cog and the MMSE accord-
ing to the severity of dementia and according to the cog-
nitive subdomains ‘memory’, ‘orientation’, and ‘lan-
guage’. In moderate patients (15  ̂   MMSE  !  20) the effect 
size for ‘memory’ is calculated with –0.11 (–0.41, 0.19) for 
the ADAS-cog and with –0.24 (–0.55, 0.06) for the MMSE. 
Likewise, the effect size concerning ‘orientation’ is calcu-
lated with –0.17 (–0.48, 0.13) for the ADAS-cog and –0.06 
(–0.36, 0.24) for the MMSE. The difference is most prom-
inent concerning ‘language’ with –0.28 (–0.58, 0.03) in 
the ADAS-cog and 0.26 (–0.04, 0.57) for the MMSE.

  In a subgroup with moderately severe dementia sever-
ity (10  ̂   MMSE  !  15), we analyzed established subscores 
of the ADAS-cog and the MMSE targeting cognitive sub-
domains ‘memory’, ‘orientation’, and ‘language’. The ef-
fect size for ‘memory’ is calculated with 0.34 (–0.01, 0.69) 
for the ADAS-cog and with 0.12 (–0.23, 0.47) for the 
MMSE. Likewise, the effect size concerning ‘orientation’ 
is calculated with –0.14 (–0.49, 0.21) for the ADAS-cog 
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  Fig. 1.  Fingerprints of subscales of the SIB 
( a)  and MMSE ( b ) in moderately severe 
(ms: 10  ̂   MMSE  !  15; blue) and severe (s: 
MMSE  ! 10; red) dementia. LOCF data 
represent mean weighted differences be-
tween memantine and placebo treatment. 
Confidence intervals are reported in ‘Re-
sults’. For reasons of readability, all analy-
ses were performed so that negative effect 
sizes indicate that treatment with meman-
tine is favored and positive effect sizes in-
dicate that treatment with placebo is fa-
vored. 
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  Fig. 2.  Fingerprints of subscales of the 
ADAS ( a ) and the MMSE ( b ) in moderate 
(m: 15  ̂   MMSE  !  20; blue) and moder-
ately severe (ms: 10  ̂   MMSE  !  15; red) de-
mentia. LOCF data represent mean weight-
ed differences between memantine plus 
acetylcholinesterase inhibitor and placebo 
plus acetylcholinesterase inhibitor treat-
ment. Confidence intervals are reported in 
‘Results’. For reasons of readability all anal-
yses were performed so that negative effect 
sizes indicate that treatment with meman-
tine is favored  and positive effect sizes indi-
cate that treatment with placebo is favored. 
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and –0.15 (–0.50, 0.19) for the MMSE. A difference is also 
observed concerning ‘language’ with –0.25 (–0.60, 0.10) 
in the ADAS-cog and –0.13 (–0.48, 0.22) for the MMSE.

  The different fingerprints of efficacy according to cog-
nitive domain, test instrument, and disease severity are 
presented in  figure 2 .

  Discussion 

 Dementia is a frequent disorder in the elderly and its 
prevalence increases with age  [4] . The most frequent 
cause is AD. At onset of AD the medial temporal lobe is 
affected  [12]  resulting in episodic memory deficit as the 
early clinical hallmark  [11] . As the disease spreads, other 
brain regions are affected as well. The parietal cortex me-
diates functions such as spatial orientation and visuospa-
tial functions  [13, 23] , the frontal cortex executive func-
tions, planning, attention, and working memory  [8, 16, 
22] . Spread of AD beyond the temporal lobe thus is char-
acterized in functional terms by accruing deficits of spa-
tial orientation, attention and executive functions as well 
as working memory and language  [11]  beyond initial 
temporal lobe type memory deficits. This can be visual-
ized using advanced imaging methods  [9, 10] .

  Clinical studies use composite scales. Most commonly 
used are the ADAS-cog, the MMSE  [2, 7] , and, for more 
advanced stages of disease, the SIB. Few clinical studies 
use these instruments in parallel to target the same end-
point in patients with AD. To analyze how interpretation 
is subject to the influence of disease severity and instru-
ments used, we reanalyzed two clinical studies with me-
mantine in patients with AD using more than one scale 
targeting the same endpoint ‘cognition’. Despite several 
clinical studies demonstrating the efficacy of memantine 
in patients with AD in a variety of settings  [5, 19, 20, 25, 
26]  several meta-analyses considered the therapeutic ef-
ficacy on ‘cognition’ to be small  [1, 14] . The analysis in the 
current manuscript demonstrates that rather than only 
performing meta-analyses over the whole spectrum of 
disease severity and clinical scales, an itemized analysis 
with regard to severity of disease and instrument used is 
also necessary.

  Cognitive scales mingle the results of several cognitive 
functions into one composite score. While any of the as-
sessed symptoms might be present at one time point or 
the other during the course of an individual’s disease they 
will not be present all at once at any given stage of disease. 
Moreover, the dynamic range for observation of change 
is not the whole range of the scale but a small range cen-

tered around the observed score. Unfortunately, the sen-
sitivity to change of these scores is not linear over the 
course of disease  [2, 15] . It already has been reported that 
subgroups of patients may show significant differences in 
one test compared to another, namely in the MMSE com-
pared to the SIB  [17] .

  One of the most common methods to combine effect 
sizes from different studies is the standardized mean dif-
ference method. The average effect size is calculated and 
the weights are the inverse variances of the means from 
each study. The idea behind this procedure is that studies 
with the least variability will receive the highest weight-
ing in determining the overall result. However, this as-
sumes that the least variability results from the largest 
sample size rather than from insensitivity of scales in 
 different stages of disease. The present analysis demon-
strates that standardized mean differences in ‘cognition’ 
result from use of different scales rather than random 
variation in study populations or their response to treat-
ment. Even more so, if floor or ceiling effects are present 
which would be the case in applying the ADAS-cog to 
severely affected individuals, the results of applying 
weighted mean difference would be distorted even more.

  Even if in the final analysis a random effects model is 
applied which in contrast to a fixed effects model does 
allow random study-to-study variability for underlying 
true effect sizes this only accounts for variability of effect 
size resulting from sample size and potentially stage of 
disease it does not account for the true variability result-
ing from application of tests with differential response 
characteristics in the domains of analysis.

  In summary, beyond interstudy variance, effect sizes 
for treatment with antidementia drugs are subject to dis-
ease stage, instruments used, and interaction thereof. 
Therefore, clinical interpretation is necessary to appraise 
therapeutic efficacy in clinical studies and meta-analyses 
thereof when patients with different severity are included 
or different instruments are used. Alternatively, severity-
adapted endpoints should be used for appraisal and meta-
analysis of therapeutic efficacy.
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