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Abstract
As research evolves in prodromal AD, the need to validate 
sufficiently sensitive outcome measures, e.g. the Alzheimer’s 
Disease Composite Score (ADCOMS) is clear. In the LipiDiDiet 
randomized trial in prodromal AD, cognitive decline in 
the study population was much less than expected in the 
timeframe studied. While the primary composite endpoint was 
insufficiently sensitive to detect a difference in the modified 
intention to treat population, the per-protocol population 
showed less decline in the active than the control group, 
indicating better treatment effects with regular product intake. 
These results were further strengthened by significant benefits 
on secondary endpoints of cognition and function, and brain 
atrophy. The present post-hoc analysis investigated whether 
ADCOMS could detect a difference between groups in the 
LipiDiDiet population (138 active, 140 control). The estimated 
mean change in ADCOMS from baseline (standard error) was 
0.085 (0.018) in the active and 0.133 (0.018) in the control group; 
estimated mean treatment difference -0.048 (95% confidence 
intervals -0.090, -0.007; p=0.023), or 36% less decline in the 
active group. This suggests ADCOMS identified the cognitive 
and functional benefits observed previously, confirming the 
sensitivity of this composite measure.

Key words: Alzheimer’s disease, prodromal, cognitive function, 
nutrients, Souvenaid, Fortasyn.

Introduction

Prodromal  Alzheimer’s  disease  (AD) is 
characterized by mild cognitive and functional 
impairment with defined changes in specific 

biomarkers (1-3). The LipiDiDiet trial was one of the 
first randomized clinical trials conducted in subjects 
with prodromal AD who were selected using the clinical 
and biomarker-based criteria originally described by 
Dubois et al. (1). The trial investigated the effects of 
the specific nutrient combination Fortasyn Connect 

(Souvenaid) on cognitive, functional, and other disease 
related parameters in this population (4). We previously 
reported that the intervention had no significant effect 
in the primary analysis on the 2-year primary endpoint, 
a 5-item neuropsychological test battery (NTB), yet 
significant differences for this endpoint were found in 
the pre-defined secondary analysis of the per-protocol 
population and the pre-defined subgroup analysis (4). Of 
note, in this trial population, the rate of cognitive decline 
as measured by the NTB score was several times less 
than expected, which means that the primary endpoint 
was insufficiently sensitive to detect a difference between 
the interventional and control groups (4). While such 
an observation adds important information about the 
early clinical course of prodromal AD (5, 6), it clearly 
highlights the ongoing need for more sensitive tools 
to detect changes in cognitive performance in this 
population.   

Evaluating the effects of interventions for mildly 
affected populations with only limited cognitive and 
functional decline and subtle impairment such as subjects 
with prodromal AD, requires the use of sufficiently 
sensitive and informative composite outcome measures. 
The Clinical Dementia Rating - Sum of Boxes (CDR-SB) 
has been proposed as such a measure (7). More recently, 
the Alzheimer’s Disease Composite Score (ADCOMS) 
was developed as a broader composite clinical outcome 
measure for trials in prodromal and mild AD dementia 
(8). ADCOMS consists of cognitive and functional items 
from three commonly used scales in AD dementia trials: 
the Alzheimer’s Disease Assessment Scale – cognitive 
subscale (ADAS-cog), Mini-Mental State Examination 
(MMSE), and CDR-SB. In subjects with early AD, the 
combination of selected items from these scales was 
shown to have the highest sensitivity for measuring 
changes and intervention effects over time compared 
with the individual scales (8). Preliminary results from 
the first randomized controlled trial using ADCOMS 
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as the primary outcome measure were interpreted as 
supporting the applicability of this composite score in 
subjects with early AD (9). However, more studies are 
needed to establish general applicability across different 
trial settings and the contribution of the different 
subdomains to the composite.

ADCOMS has been proposed as a new standard 
outcome measure for trials in prodromal AD; therefore, 
we did a post-hoc analysis of data from the LipiDiDiet 
trial primarily to compare Fortasyn Connect and 
control groups using ADCOMS and its subdomains as a 
potentially more sensitive measure of intervention effects 
than the NTB used in the primary analysis. An additional 
aim of the analysis was to use data from subjects with 
prodromal AD to provide broader knowledge of 
ADCOMS as a single clinical outcome measure in early 
AD trials.

Subjects and methods

Detailed methods for the LipiDiDiet trial (Netherlands 
Trial Registry NTR1705) were published previously (4). 
In summary, LipiDiDiet was a 24-month, double-blind, 
parallel-group, multi-center randomized controlled 
trial (11 sites in Finland, Germany, the Netherlands, 
and Sweden), with optional 12-month double-blind 
extensions. Eligible participants with prodromal AD, 
defined according to the International Working Group 
(IWG)-1 criteria (1), were randomly assigned (1:1) to 
active intervention (once-daily 125 mL drink containing 
the multinutrient combination Fortasyn Connect 
provided by Nutricia [Zoetermeer, the Netherlands]) 
or a same-taste iso-caloric control product. The primary 
outcome was the change in a cognitive function 
composite z-score based on five items of an NTB. CDR-SB 
was a secondary outcome while ADAS-cog-13 and MMSE 
were exploratory parameters. Participants provided 
written consent and the trial was approved by ethics 
committees of all sites and done in accordance with the 
Declaration of Helsinki and International Conference on 
Harmonization Good Clinical Practice guidelines. 

We used the LipiDiDiet trial data to do a post-hoc 
analysis of outcomes included in the ADCOMS tool, 
which consists of four ADAS-Cog subscale items (delayed 
word recall, orientation, word recognition, and word 
finding difficulty), two MMSE items (orientation time 
and drawing), and all six CDR-SB items (personal care, 
community affairs, home and hobbies, judgement and 
problem solving, memory, and orientation), as described 
previously by Wang and colleagues (8).

In this analysis, ADCOMS scores were calculated using 
the selected 12 items and corresponding partial least 
squares coefficients. Composite scores range from 0.0 
to a maximum of 1.97, where higher values indicate 
worse performance. The contribution of the separate 
subdomains (ADAS-cog, MMSE, and CDR-SB) to the total 
score was explored by calculating the separate domains 
based on the same items and coefficients. Total ADCOMS 

scores and subdomain scores were calculated only if 
subject data were available for all 12 items. Statistical 
analyses were performed as planned using linear mixed 
models for repeated measures with real measurement 
time as continuous variable (primary model) or planned 
visit time as categorical variable (planned sensitivity 
model) in a modified intention-to-treat (mITT) population 
of all participants randomly assigned, excluding data 
after the start of rescue medication (defined as use 
of active product or Alzheimer’s disease medication 
after dementia diagnosis). Further details about these 
statistical models were described previously (4). 
Additional sensitivity analyses using the primary and 
sensitivity models with baseline in the outcome vector, a 
2-sided, independent t-test, and a non-parametric Mann-
Whitney U test were performed to test the robustness 
of results. Effect sizes were reported using Cohen’s d 
standardized effect size calculated based on the mean 
treatment difference over 24 months, estimated in the 
mixed model and pooled SD based on the sample size at 
the 24-month visit. Similar analyses were also done on a 
per-protocol dataset excluding participants with major 
protocol deviations.

Results
This analysis includes data obtained from 311 

participants with prodromal AD (153 active group and 
158 control group) enrolled between April 20, 2009, and 
July 3, 2013. In the mITT population, data were available 
for the post-hoc ADCOMS analysis from 278 participants 
(138 active and 140 control) at baseline, 225 (109 active 
and 116 control) at month 12, and 164 (73 active and 
91 control) at month 24, which is comparable to the 
data available for the mITT analysis of the NTB primary 
outcome in the original paper (4).

ADCOMS scores at baseline were 0.258 (standard 
deviation [SD] 0.143, n=138) in the active group and 0.247 
(SD 0.140, n=140) in the control group (Table 1a). Figure 
1 shows changes in ADCOMS scores and subdomain 
scores during the 24-month intervention period. While 
both groups showed higher ADCOMS scores over time, 
worsening was 36% less in the active group than in the 
control group (Figure 1A). The estimated mean change 
from baseline (standard error) was 0.085 (0.018) in the 
active group and 0.133 (0.018) in the control group; the 
corresponding estimated mean treatment difference was 
-0.048 (95% confidence intervals -0.090 to -0.007; p=0.023). 
Analysis of the ADCOMS subdomains (Figures 1B-D) 
showed that the difference between active and control 
groups was greatest for the six-item CDR-SB subdomain 
(34% less worsening) and the 2-item MMSE subdomain 
(63% less worsening). The estimated mean change from 
baseline (standard error) was 0.065 (0.016) in the active 
group and 0.099 (0.016) in the control group for the six-
item CDR-SB subdomain (p=0.033), and 0.007 (0.005) in 
the active group and 0.019 (0.005) in the control group for 
the 2-item MMSE subdomain (p=0.065). No differences 
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between groups were observed for the 4-item ADAS-cog 
subdomain. The planned sensitivity analysis showed 
significant differences between groups over 24 months in 
worsening of ADCOMS scores (p=0.023) and worsening 
of six-item CDR-SB (p=0.032), while there was a trend 
on the 2-item MMSE (p=0.068) and no difference on the 
4-item ADAS-cog (p=0.499). The additional sensitivity 
analyses on ADCOMS and subdomains confirmed the 
results (ADCOMS: primary model with baseline in the 
outcome vector, p=0.038; t-test, p=0.059; Mann-Whithney 
U test, p=0.036).

Per-protocol analysis including baseline data from 257 
participants (129 active and 128 control) confirmed the 
findings in the mITT analysis (Table 1b). 

Effect size analyses of changes from baseline over 24 
months on ADCOMS score showed Cohen’s d values of 
0.31 in the mITT population and 0.39 in the per-protocol 
population, indicating a small to medium effect in the 
active group (10). Effect sizes >0.2 were also observed for 
the MMSE and CDR-SB subdomains in the mITT (0.27 
and 0.25, respectively) and per-protocol (0.25 and 0.33, 
respectively) analyses.

Discussion

Research practice in subjects with prodromal AD 
is still evolving, and since the 24-month LipiDiDiet 
trial database was locked, there has been a growing 
recognition that combined cognitive-functional 
measurement tools may provide a more sensitive way 
to assess the efficacy of novel interventions than those 
currently available (7, 11). To reflect contemporary 
research practice, we used ADCOMS in a post-
hoc analysis of the LipiDiDiet trial data and found a 
significant intervention effect for Fortasyn Connect over 
24 months in subjects with prodromal AD. The active 
group showed significantly less clinical decline over 24 
months as measured by ADCOMS, and this effect was 
driven largely by differences in the CDR-SB and MMSE 
subdomains. We previously reported a significant benefit 
for Fortasyn Connect using CDR-SB and showed that 
stabilization of CDR-SB scores was more pronounced 
with increasing baseline MMSE (4), which supports 
the notion that early rather than late treatment within 

Figure 1. Changes in ADCOMS and its subdomains during the 24-month intervention

(A) Alzheimer’s Disease Composite Score. (B) Clinical Dementia Rating - Sum of Boxes 6-item subdomain. (C) Alzheimer’s Disease Assessment Scale–cognitive subscale 
4-item subdomain. (D) Mini-Mental State Examination 2-item subdomain. Data are observed mean change from baseline; error bars are standard error.  * p<0.05 (mixed 
model, modified intention-to-treat). 
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the prodromal phase of dementia may lead to better 
outcomes when using CDR-SB as a cognitive-functional 
measure. ADCOMS data in this post-hoc analysis (data 
not shown) also suggest that earlier intervention is 
associated with better outcomes for Fortasyn Connect.

The ADCOMS score is weighted toward the CDR-SB 
which functions as the framework of the score, but only 
takes on values from 0.5 to 7 (in increments of 0.5) for the 
majority of participants. The MMSE and ADAS-cog items 
provide further discriminatory ability between these 
seven points, enhancing the performance of the scale, but 
not performing as reliably when isolated. The inclusion 
of multiple measures of important cognitive domains 
stabilizes estimates and protects against spurious results. 
The CDR-SB has historically been more sensitive to 
progression, but less sensitive to treatment effects due to 
low variability, contrasted with cognitive scales which 
have been more sensitive to treatment effects but also 
highly variable. The weighted combination was designed 
to combine changes between points on the CDR-SB with 
detailed changes in cognitive items, with the sensitive 
items potentially differing from one study to another. In 
this case, the CDR-SB items and the MMSE items were 
sensitive to changes, and the ADAS-cog items were less 
sensitive, allowing the ADCOMS scale to detect treatment 
related changes due to both functional and cognitive 
contributions.

The effect size analysis reported here indicates that 
the magnitude of the intervention effect measured using 
ADCOMS was large enough to be clinically detectable. 
The effect size for ADCOMS (Cohen’s d 0.31) was similar 
to the value previously reported for CDR-SB (0.33) (4). 
The magnitude of the intervention effects seen with 
ADCOMS and CDR-SB, both in this analysis and the 
original trial report (4), were more pronounced in the per-
protocol analysis, possibly reflecting the importance of 
long-term protocol adherence. 

These results should be interpreted with caution 
because of the post-hoc nature of the analysis with a 
relatively new cognitive-functional measurement tool. 
Nevertheless, ADCOMS was developed using robust 
methodology (8), and these analyses further contribute 
to the validation of ADCOMS in clinical trials in subjects 
with early AD and suggest applicability and sensitivity 
across different intervention strategies in the earliest 
stages of dementia. Our post-hoc ADCOMS analyses are 
consistent with the overall findings from the LipiDiDiet 
trial (4) and in combination with data from other authors 
(8), provide further evidence that ADCOMS, a broad 
measure of cognitive function, may be useful over a range 
of interventions and trial designs in early AD.

In conclusion, this analysis suggests that the cognitive 
and functional benefits observed in the LipiDiDiet 
trial were also identified using ADCOMS, adding to 
the accumulating evidence validating this sensitive and 
broad composite outcome measure in prodromal AD 
trials.
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