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Abstract.

Background: Early intervention is essential for meaningful disease modification in Alzheimer’s disease (AD).

Objective: We aimed to determine the efficacy and safety of pharmacologic and nutritional interventions for early AD.
Methods: PubMed, Embase, the Cochrane Library, and ClinicalTrials.gov were searched from database inception until 1
September 2023. We included randomized controlled trials that evaluated the efficacy of interventions in early AD. Only
interventions that demonstrated efficacy compared to placebo were included in the network meta-analysis (NMA). Then we
performed frequentist fixed-effects NMA to rank the interventions. GRADE criteria were used to evaluate the level of evidence.
Results: Fifty-eight trials including a total of 33,864 participants and 48 interventions were eligible for inclusion. Among the
48 interventions analyzed, only 6 (12.5%) treatments—ranging from low to high certainty—showed significant improvement
in cognitive decline compared to placebo. High certainty evidence indicated that donanemab (standardized mean difference
[SMD] -0.239, 95% confidence interval [CI] —0.343 to —0.134) and lecanemab (SMD -0.194, 95% CI -0.279 to —0.108)
moderately slowed the clinical progression in patients with amyloid pathology. Additionally, methylphenidate, donepezil,
LipiDiDiet, and aducanumab with low certainty showed significant improvement in cognitive decline compared to placebo.
However, there was no significant difference in serious adverse events as reported between the six interventions and placebo.
Conclusions: Only 12.5% of interventions studied demonstrated efficacy in reducing cognitive impairment in early AD.
Donanemab and lecanemab have the potential to moderately slow the clinical progression in patients with amyloid pathology.
Further evidence is required for early intervention in AD.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common
cause of dementia and one of the leading causes
of morbidity and mortality in the aging population
[1]. Globally, it is estimated that there are approxi-
mately 32 million individuals with AD dementia, 69
million individuals with prodromal AD, and 315 mil-
lion individuals with preclinical AD [2]. The risk of
developing dementia, including AD, is closely asso-
ciated with advancing age [3]. The annual number of
new cases of AD and other dementias is projected to
double by 2050 in the United States because of the
increasing number of people age 65 and older [3].
Considering the epidemiological projections, it has
become increasingly urgent to explore and develop
innovative therapeutics that have the potential to pre-
vent the onset, delay the progression, or improve the
management of AD [4].

Billions of dollars have invested in clinical trials
to develop novel therapeutics for AD, and there are
currently 187 trials assessing 141 drugs for the treat-
ment of AD [4]. Neurotransmitter receptors, amyloid,
synaptic function, inflammation, tau biology, oxida-
tion, and proteostasis/proteinopathy are the major
targets of drugs [4]. Since 2003, aducanumab and
lecanemab are the only drugs to have received accel-
erated approval for the treatment of AD, and both
are monoclonal antibody targeting (3-amyloid pro-
tein. However, the superiority of new AD drugs over
older drugs remains uncertain [5]. On the other hand,
some nutritional interventions may slow down the
rate of progression of AD, improving cognitive func-
tion, and improving the quality of life of these patients
[6, 7]. Protective factors for primary prevention of
cognitive impairment, dementia, and AD include reg-
ular physical activity, higher education, intellectually
stimulating work, engaging in stimulating leisure
activities, social engagement, and a rich social net-
work [8].

Slowing the progression of AD is considered one of
the most significant unmet medical needs of our time
[9]. There is a growing consensus that meaningful
disease modification in AD requires early therapeutic
intervention, ideally during preclinical or prodro-
mal stages of the disease [9]. Previous trials and
evidence have primarily focused on mild to moder-
ate AD, often combining mild and moderate stages
together [10-12]. Early AD is typically defined as
mild dementia due to AD, mild cognitive impair-
ment (MCI) due to AD, and preclinical stage of the
disease [13]. However, the effective and optimal treat-

ment for early AD remains unclear. In this study, we
conducted a systematic review and network meta-
analysis (NMA) of randomized control trials (RCTs)
to evaluate the most up-to-date evidence regarding the
efficacy and safety of pharmacologic and nutritional
interventions for early AD.

METHODS

Data sources and searches

We conducted this meta-analysis according to the
Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines [14] and
the PRISMA statement for NMA [15], and the
protocol was registered on international prospec-
tive register for systematic reviews (PROSPERO,
CRD42023471551). We searched for literature pub-
lished on PubMed, Embase, Cochrane Library, and
grey literature from the ClinicalTrials.gov website
from database inception through 1 September 2023.
Keywords including “Alzheimer’s disease”, “mild
cognitive impairment”, and “randomized control
trial” were used to search, and the detailed search
strategy was shown in the Supplementary Material.
Additionally, we identified references by searching
the reference lists of included studies and relevant
reviews.

Study selection

We included RCTs evaluating the efficacy of phar-
macologic or nutritional interventions in patients with
early AD. Early AD was defined as MCI due to AD
[16], mild dementia due to AD (or mild AD) [17], the
preclinical or asymptomatic stage of AD, or amnes-
tic MCI. Amnestic MCI was included because it has
been defined as a precursor to AD [18]. We excluded
studies with a follow-up duration of less than 12
weeks and a sample size of less than 50 partici-
pants. Additionally, trials that did not report cognitive
performance were excluded from our review. We
also excluded study protocols, editorials, comments,
reviews, conference abstracts, ongoing trials, and
studies without sufficient data for analysis. There
were no language restrictions for the trials included in
our review. The primary outcome was the change in
the cognitive scores. Secondary outcomes included
any adverse events (AEs), serious adverse events
(SAEs), and death.
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Data extraction and quality assessment

Two authors reviewed titles and abstracts inde-
pendently to identify eligible studies that met
pre-specified inclusion criteria and extracted data.
When consensus was lacking, a third reviewer was
consulted. Study characteristics (e.g., journal and
year of publication, study design and registration,
sample size, and length of follow-up), intervention
and comparator characteristics, participant charac-
teristics (e.g., age and sex), and outcomes were
extracted. There are various assessment scales and
tools used to evaluate AD or MCI, including the
Mini-Mental State Examination (MMSE), Clinical
Dementia Rating-Sum of Boxes (CDR-SB), and
Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog). If the primary outcome of a
trial was the change in cognitive scores or a combina-
tion of cognitive and functional scores, we extracted
the primary outcome in our analysis. In cases where
change in cognitive scores was secondary outcome,
we extracted the relevant data from one of the three
scales (CDR-SB, ADAS-Cog, or MMSE). The risk
of bias of RCTs was assessed by the Cochrane Col-
laboration’s tool (RoB 2) [19], which includes the
following domains: randomization process, devia-
tions from intended interventions, missing outcome
data, measurement of the outcome, and selection of
the reported result. The quality of evidence for pri-
mary outcome in the pairwise meta-analyses was
evaluated with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
framework [20]. Two reviewers (BZ and CT) inde-
pendently assessed the risk of bias and the quality of
the evidence. Discrepancies were resolved by discus-
sion.

Data synthesis and analysis

Initially, we performed traditional pairwise meta-
analyses for all direct comparisons with at least two
studies available. Continuous data (primary outcome)
were measured using different rating scales; there-
fore, we converted outcomes to standardized mean
differences (SMD) and 95% confidence intervals
(CIs). Different scales used to measure cogni-
tive decline may have varying interpretations. For
instance, in the case of MMSE, higher scores indi-
cate better performance, whereas in CDR-SB, lower
scores indicate better outcomes. Therefore, when
the results favored the intervention, we transformed
the SMD to a defined negative value. For dichoto-

mous data (secondary outcomes), we analyzed the
outcomes as relative risks (RRs) with 95% Cls. Statis-
tical heterogeneity between the studies was assessed
with the x2 test and the 12 statistics. I? values of 25%,
50%, and 75% have been suggested to be indicators of
low, moderate, and high heterogeneity, respectively
[21]. Random effects pairwise meta-analyses were
primarily used to synthesize the results. If the > val-
ues were less than 50%, fixed effects meta-analyses
were also conducted to identify potential effective
interventions. We then performed a frequentist NMA
[22]. There were a limited number of trials available
for each intervention and the overall lack of efficacy
observed in many interventions compared to placebo,
or even their inferiority to placebo. Therefore, only
interventions that demonstrated efficacy compared to
placebo or showed no inferiority when compared to
other interventions with efficacy were included in the
NMA. Furthermore, trials rated as high risk by RoB 2
were excluded from the NMA. We performed NMA
using a fixed-effects model because heterogeneity
estimation in random-effects in the sparse network
can generate unreliable results [23]. We used for-
est plots and league tables of the effects to visualize
comparisons of network estimations. We ranked the
probability of treatments being the best—associated
with increasing efficacy and decreasing SAEs—and
ranked each by a surface under the cumulative rank-
ing curve (SUCRA). We used Stata 17.0 for all
analyses. We used the metan command for the pair-
wise meta-analyses, and the network package and
network graphs package for the NMA.

RESULTS

Characteristics of included studies

This systematic literature search initially identi-
fied 26114 records, after excluding duplicates and
irrelevant records, 313 studies were evaluated in full
text for eligibility (Fig. 1). Finally, 58 RCTs of 48
pharmacologic or nutritional interventions (including
33,864 patients) were included in the present study
(Supplementary Table 1). Among the included stud-
ies, 49 were published, and 9 were unpublished data.
Three studies were three-arm trials [24—26], and the
remaining studies were two-arm trials. Four trials
focused on preclinical AD [27-30], 14 trials targeted
amnestic MCI, and the remaining 40 trials enrolled
participants with MCI due to AD or mild demen-
tia due to AD. The participants enrolled in included
trials were 50 years or older. Four trials compared



1176 B. Zeng et al. / Inventions for Early AD

Identification of studies via databases

R screening:

> Records excluded

» Reports not retrieved

— | Reports excluded: (n = 258)

—
5 Records identified from:
= Embase (n = 12463)
o Pubmed (n = 7656)
= Cochrane Library (n = 5625)
& Clinicaltrial.gov (n = 370)
2 Total (n = 26114)
—
Y
Records screened
(n=15872)
A4
Reports sought for retrieval
> (n=313)
=
Qo
=
3 v
Reports assessed for eligibility
(n=2313)
—
v
P
2 Reports included in review
T (n = 55)
S (58 trials; 49 published trials and
= 9 unpublished trials)

Records removed before

Duplicate records removed
(n=11242)

(n = 15559)

(n=0)

Mixed with moderate or
severe AD (n = 82)

Not pharmacologic or
nutritional interventions (n =
31)

Non-amnestic MCI (n = 41)
Duplicate data (n = 29)
Reviews (n = 26)

Sample size < 50 (n = 11)
Follow-up <12 weeks (n = 10)
No efficacy data (n = 28)

Fig. 1. Study selection.

different traditional Chinese medicines (TCMs) with
donepezil [31-34], while the remaining trials utilized
aplacebo as the control group. The follow-up periods
ranged from 3 to 36 months. Nearly all trials (49 out
of 58) were previously registered and provided reg-
istration numbers. The characteristics of individual
studies are summarized in Supplementary Table 1.
A qualitative assessment was performed by assess-
ing various indicators for each individual trial using
RoB 2. Thirty-two of 58 trials were classified as low
risk of bias, 17 trials had some concerns, and 9 tri-
als were classified as high risk of bias. Risk of bias
assessments in individual studies, including reasons,
are listed in the characteristics of included studies
in Supplementary Table 2. The quality of evidence

for main outcomes were rated following the GRADE
framework (Supplementary Table 3).

Pairwise meta-analysis

A total of 44 interventions were directly compared
to placebo, with a limited number of trials available
for each intervention (Table 1). Specifically, there
were three trials each for donepezil [24, 35, 36] and
solanezumab [25, 27, 37], two trials each for adu-
canumab [38], CNP520 [29, 30], crenezumab [39],
donanemab [40, 41], gantenerumab [25, 42], ginkgo
biloba extract [26, 43], lanabecestat [44], lecanemab
[45, 46], and souvenaid [47, 48], and only one trial
for each of the remaining interventions. Compar-



Table 1

Efficacy and safety of pharmacologic and nutritional interventions for early Alzheimer’s disease

Intervention Control N ROB Efficacy (SMD with 95% CI) AE, SAE, and Death (RR with 95% CI, frequency, absolute values)
Bushen capsule Donepezil 1 High —-0.698 (-1.219, -0.176), AE: 1.75 (0.57, 5.36), 23.3% (7/30) vs. 13.3% (4/30); SAE: NR; Death: NR
p=0.009
Chinese herbal medicine Donepezil 1 High 0.131 (-0.365, 0.626), p =0.606 AE: NR; SAE: 0/45 vs. 0/24; Death: 0/45 vs. 0/24
Shenwu capsule Donepezil 1 High 0.022 (-0.210, 0.254), p=0.850 AE: 0.32 (0.23, 0.44), 18.1% (39/216) vs.57.4% (62/108); SAE: NR; Death: NR
YishenHuazhuo decoction Donepezil 1 High -0.403 (-0.733, -0.073), AE: 0.83 (0.27, 2.61), 6.9% (5/72) vs. 8.3% (6/72); SAE: NR; Death: NR
p=0.017
Aducanumab Placebo 2 Low Random: -0.078 (-0.173, 0.018), AE:1.12 (1.02, 1.23), 1> =42.4%, 56.1% (1234/2198) vs. 20.2% (546/1087); SAE:
p=0.111, 1> =42.1%; Fixed: 0.98 (0.82, 1.18), 12 =0%, 13.6% (300/2198) vs. 13.9% (151/1087); Death: 1 trial,
—0.078 (-0.150, —-0.005), 1.10 (0.39, 3.16), 0.9% (11/1191) vs. 0.9 (5/547).
p=0.036
Atabecestat Placebo 1 Some concern 0.413 (0.124, 0.702), p = 0.005 AE: 1.10 (0.98, 1.24), 73.1% (272/372) vs. 66.5% (123/185); SAE: 1.99 (0.94,
4.23), 8.6% (32/372) vs. 4.3% (8/185); Death: 0/372 vs. 0/185
Avagacestat Placebo 1 Low 0.073 (-0.223, 0.369), p=0.628 AE:1.14 (1.05, 1.24), 95.5% (126/132) vs. 84.0% (110/131); SAE: 1.57 (1.07,
2.29),37.1% (49/132) vs. 23.7% (31/131); Death:0/132vs. 0/131
Azeliragon Placebo 1 Some concern 0.139 (-0.032, 0.310), p=0.111 AE: 0.97 (0.90, 1.05), 72.6% (320/441) vs. 74.7% (324/434); SAE: 1.03 (0.76,
1.40), 15.9% (70/441) vs. 15.4% (67/434); Death: 0.79 (0.21, 2.91), 0.9% (4/441)
vs. 1.2% (5/434)
BI1409306 Placebo 1 Some concern 0.063 (-0.152, 0.278), p=0.566 AE: 1.07 (0.87, 1.33), 48.2% (146/303) vs. 45.0% (67/149); SAE: 2.46 (0.29,
20.86), 1.7% (5/303) vs. 0.7% (1/149); Death: 1.48 (0.06, 36.12), 0.3% (1/303) vs.
0.0% (0/149)
Benfotiamine Placebo 1 Low —-0.336 (-0.808, 0.137), p=0.164 AE: 1.15 (0.84, 1.58), 73.5% (25/34) vs.63.9% (23/36); SAE: 1.06 (0.23, 4.89),
8.8% (3/34) vs. 8.3% (3/36); Death: 0/34 vs.0/36
Benzoate Placebo 1 Some concern -0.360 (-0.870, 0.151), p=0.167 AE: 0.33 (0.01, 7.87), 0.0% (0/30) vs.3.3% (1/30); SAE: NR; Death: NR
CADI106 Placebo 1 Some concern -0.223 (-0.735, 0.289), p=0.393 AE: 0.87 (0.75, 1.00), 85.7% (36/42) vs. 100% (21/21); SAE: 0.67 (0.16, 2.71),
9.5% (4/42) vs. 14.3% (3/21); Death: 0/42 vs. 0/21
CNP520 Placebo 2 Some concern 0.325 (-0.171, 0.822), p=0.199, AE: 1 trial, 1.48 (1.19, 1.85), 100% (106/106) vs. 100% (76/76); SAE: 0.98 (0.58,

2=91.2%

1.67), I =0%, 7.5% (8/106) vs. 9.2% (7/76); Death: 0/106 vs. 0/76

(Continued)
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Table 1

Efficacy and safety of pharmacologic and nutritional interventions for early Alzheimer’s disease

Intervention Control N ROB Efficacy (SMD with 95% CI) AE, SAE, and Death (RR with 95% CI, frequency, absolute values)
Copper Placebo 1 High 0.500 (-0.028, 1.028), p=0.063 AE: NR; SAE: 0/29 vs. 0/28; Death: 0/29 vs. 0/28
Crenezumab Placebo 2 Low —0.257 (-1.044, 0.530), AE: 1.02 (0.98, 1.07), 12 =0%, 79.7% (644/808) vs. 78.2% (628/803); SAE: 0.94
p=0.522,1*=72.6% (0.69, 1.28), I* =27.0%, 12.4% (100/808) vs. 13.1% (105/803); Death: 0.47 (0.03,
8.84), I2=73.5%, 1.0% (8/808) vs. 1.4% (11/803)
Davunetide Placebo 1 Low —-0.135 (-0.505, 0.236), p=0.476 AE: 1.07 (0.77, 1.49), 54.7% (52/95) vs. 51.0% (25/49); SAE: 0.26 (0.05, 1.36),
2.1% (2/95) vs. 8.2% (4/49); Death: 0/95 vs. 0/49
Donanemab Placebo 2 Low —-0.239 (-0.343, -0.134), AE: 1.05 (0.98, 1.13), I> =65.0%, 89.2% (878/984) vs. 83.2% (831/999); SAE:
p<0.001,12=0% 1.08 (0.89, 1.32), 12 =0%, 17.4% (171/984) vs. 16.0% (160/999); Death: 1.45
(0.69, 3.06), I =0%, 1.7% (17/984) vs. 1.2% (12/999);
Donepezil (6 months) Placebo 3 Some concern —-0.279 (-0.410, -0.149), AE: 2 trials, 1.18 (1.06, 1.31), 12 = 0%, 80.3% (183/228) vs. 70.6% (137/194);
p<0.001,12=0% SAE: 2 trials, 0.91 (0.37, 2.23), I2 =0%, 4.4% (10/228) vs. 4.6% (9/194); Death: 1
trial, 1.43 (0.46, 4.46), 3.1% (7/228) vs. 2.6% (5/194)
Donepezil (3 years) Placebo 1 Some concern —-0.017 (-0.190, 0.156), p=0.846 AE: NR; SAE: NR; Death: NR
Elenbecestat Placebo 1 Some concern -0.038 (-0.123, 0.047), p=0.377 AE: 1.35 (1.19, 1.53), 35.6% (391/1099) vs. 26.4% (292/1105); SAE: 1.15 (0.91,
1.45), 12.2% (134/1099) vs.10.6% (117/1105);Death: 0.50 (0.13, 2.01), 0.3%
(3/1099) vs.0.5% (6/1105)
Gantenerumab Placebo 2 Low 0.060 (-0.078, 0.199), p=0.394, AE: 1 trial; 0.96 (0.93, 1.01), 91.4% (533/583) vs. 95.5% (339/355); SAE: 1.12
=0% (0.58, 2.16), I* =66.8%, 18.2% (106/583) vs. 18.9% (67/355); Death: 1 trial, 0.17
(0.03, 0.82), 0.3% (2/583) vs. 1.7% (6/355)
Ginkgo biloba extract Placebo 2 High —-0.765 (-1.427, -0.103), AE: 1 trial, 0.97 (0.68, 1.38), 41.3% (43/104) vs. 42.9% (30/70); SAE: 1 trial, 6.09
p=0.024,12 =86.1% (0.33, 111.29), 3.8% (4/104) vs. 0.0% (0/70); Death: NR
Hydroxychloroquine Placebo 1 Some concern —0.063 (-0.365, 0.240), p=0.683 AE: 1.37 (0.75, 2.48), 24.1% (20/83) vs. 17.6% (15/85); SAE: NR; Death: 2.56
(0.51, 12.83), 6.0% (5/83) vs. 2.4% (2/85)
IVIG Placebo 1 Low 0.191 (-0.370, 0.753), p=0.504 AE: 0.52 (0.05, 5.38), 4.2% (1/24) vs. 8.0% (2/25); SAE: 0/24 vs. 2/25; Death:
0.21 (0.01, 4.12), 0.0% (0/24) vs. 8.0% (2/25)
Insulin Placebo 1 Low 0.004 (-0.263, 0.271), p=0.977 AE: 1.06 (0.93, 1.21), 81.0% (98/121) vs. 76.5% (91/119); SAE: 1.77 (0.85, 3.68),

14.9% (18/121) vs. 8.4% (10/119); Death: 2.95 (0.12, 71.72), 0.8% (1/121) vs.
0.0% (0/119)
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LY3202626 Placebo Some concern -0.496 (-1.109, 0.117), p=0.113 AE: 1.15 (1.00, 1.32), 78.6% (143/182) vs. 68.4% (91/133); SAE: 1.32 (0.63,
2.76), 9.9% (18/182) vs. 7.5% (10/133);Death: 0/182 vs. 0/133
LY3303560 Placebo Some concern 0.149 (-0.138, 0.437), p=0.308 AE: 1.11 (0.91, 1.36), 57.4% (139/242) vs. 51.7% (61/118); SAE: 1.43 (0.81,
2.51), 17.0% (41/242) vs. 11.9% (14/118); Death: 0.98 (0.18, 5.25), 1.7% (4/242)
vs. 1.7% (2/118)
Lanabecestat Placebo Low 0.069 (-0.020, 0.159), p=0.129, AE: 1.05 (1.01, 1.08), I2 = 0%, 77.0% (2023/2627) vs. 73.5% (952/1296); SAE:
2=0% 1.10 (0.84, 1.44), I =50.6%, 13.7% (360/2627) vs. 12.2% (158/1296); Death:
0.91 (0.23, 3.64), 12 =49.7%, 0.5% (13/2627) vs. 0.5% (7/1296)
Lecanemab Placebo Low —0.194 (-0.279, —0.108), AE: 1.04 (0.94, 1.15), 12 = 81.6%, 88.5% (937/1059) vs. 83.3% (951/1142); SAE:
p<0.001,12=0% 1.11 (0.81, 1.52), 12 =41.6%, 14.3% (151/1059) vs. 8.8% (101/1142); Death: 0.76
0.27, 2.12), 12 = 0%, 0.6% (6/1059) vs. 0.8% (9/1142)
Lithium Placebo Some concern —0.125 (-0.669, 0.420), p=0.653 AE: NR; SAE: NR; Death: NR
LipiDiDiet Placebo Low —0.365 (-0.589, —0.140), AE: 0.99 (0.91, 1.08), 86.8% (132/152) vs. 87.9% (138/157); SAE: 1.17 (0.76,
p=0.001 1.81), 22.4% (34/152) vs. 19.1% (30/157); Death: 4.13 (0.47, 36.55), 2.6% (4/152)
vs. 0.6% (1/157)
Memantine Placebo High -0.224 (-0.996, 0.547), p=0.569 AE: NR; SAE: NR; Death: NR
Metformin Placebo Low 0.220 (-0.220, 0.659), p=0.328 AE: 7.00 (0.37, 131.28), 7.5% (3/40) vs. 0.0% (0/40); SAE: 0/40 vs. 0/40; Death:
0/40 vs. 0/40
Methylphenidate Placebo Some concern -0.938 (-1.477,-0.399), AE: 1.40 (0.71, 2.76), 43.3% (13/30) vs. 31.0% (9/29); SAE: 4.83 (0.60, 38.90),
p=0.001 16.7% (5/30) vs. 3.4% (1/29); Death: NR
Minocycline Placebo Low -0.025 (-0.230, 0.180), p=0.808 AE: NR; SAE: NR; Death: 0.65 (0.32, 1.35), 4.4% (16/365) vs. 6.7% (12/179)
Neflamapimod Placebo Low 0.042 (-0.268, 0.352), p=0.792 AE: 1.06 (0.58, 1.92), 21.7% (18/83) vs. 20.5% (16/78); SAE: 0.63 (0.11, 3.65),
2.4% (2/83) vs. 3.8% (3/78); Death: 0/83 vs. 0/78
PBT2 Placebo Low —0.146 (-0.606, 0.313), p=0.533 AE: 1.18 (0.76, 1.85), 57.1% (28/49) vs. 48.3% (14/29);SAE: 0.12 (0.01, 2.42),
0.0% (0/49) vs. 6.9% (2/29);Death: 0/49 vs. 0/29
Plasmalogen Placebo Low —0.031 (-0.267, 0.205), p=0.798 AE: 1.07 (0.72, 1.61), 22.5% (38/169) vs. 21.0% (35/167); SAE: 0/169 vs. 0/167;
Death: 0/169 vs. 0/167
Qinggongshoutao Placebo High -1.177 (-1.474, -0.881), AE: 1.17 (0.86, 1.59), 50.0% (87/174) vs. 42.9% (30/70); SAE: 2.03 (0.10, 41.73),

p<0.001

1.1% (2/174) vs. 0.0% (0/70); Death: NR

(Continued)
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Table 1
(Continued)

Intervention Control N ROB Efficacy (SMD with 95% CI) AE, SAE, and Death (RR with 95% CI, frequency, absolute values)

Renew NCP-5 Placebo 1 Some concern -0.279 (-0.565, 0.007), p=0.056 AE: 1.24 (0.86, 1.80), 41.8% (41/98) vs. 33.7% (31/92);SAE: 0.83 (0.34, 2.07),
8.2% (8/98) vs. 9.8% (9/92);Death: 0.31 (0.01, 7.59), 0.0% (0/98) vs.1.1% (1/92)

Saracatinib Placebo 1 Low 0.151 (-0.197, 0.499), p=0.395 AE: 1.14 (1.01, 1.29), 92.4% (73/79) vs. 81.2% (65/80); SAE: 1.74 (0.72, 4.18),
15.2% (12/79) vs. 8.8% (7/80); Death: 3.04 (0.13, 73.46), 1.3% (1/79) vs. 0.0%
(0/80)

Semorinemab Placebo 1 Low 0.071 (-0.138, 0.279), p=0.507 AE: 0.99 (0.93, 1.05), 92.0% (286/311) vs. 93.1% (121/130); SAE: 1.49 (0.86,
2.60), 16.1% (50/311) vs. 10.8% (14/130); Death: 0.42 (0.06, 2.94), 0.6% (2/311)
vs. 1.5% (2/130)

Solanezumab Placebo 3 Low 0.033 (-0.127, 0.194), p=0.684, AE: 2 trials; 1.01 (0.99, 1.02), I> = 0%, 89.6% (1503/1678) vs. 89.1%

I’ =64.9% (1556/1747);SAE: 1.07 (0.81, 1.41), I> =69.0%, 21.5% (360/1678) vs. 21.3%

(372/1747);Death: 2 trials; 0.64 (0.34, 1.22), 1> =0%, 0.9% (15/1678) vs. 1.4%
(24/1747)

Souvenaid Placebo 2 Low -0.100 (-0.320, 0.120), AE: 0.99 (0.73, 1.35), 1> = 67.0%, 51.7% (125/242) vs. 52.7% (127/241); SAE:

p=0371,12=21.5% 1.01 (0.39, 2.61), I =50.5%, 7.0% (17/242) vs. 7.0% (17/241); Death: 0/242 vs.

0/241

Tarenflurbil Placebo 1 Low 0.019 (-0.081, 0.119), p=0.708 AE: 1.03 (0.99, 1.07), 87.2% (750/860) vs. 85.0% (698/821); SAE: 1.14 (0.95,
1.37), 22.7% (195/860) vs. 19.9% (163/821); Death: 1.27 (0.70, 2.33), 2.8%
(24/860) vs. 2.2% (18/821)

Tilavonemab Placebo 1 Low —0.067 (-0.312, 0.179), p=0.594 AE: 1.01 (0.95, 1.06), 93.6% (306/327) vs. 93.1% (108/116); SAE: 0.79 (0.53,
1.19), 17.7% (58/327) vs. 22.4% (26/116); Death: 1.77 (0.21, 15.02), 1.5% (5/327)
vs. 0.9% (1/116)

Triflusal Placebo 1 High -0.164 (-0.409, 0.081), p=0.190 AE: NR; SAE: 0/158 vs. 0/156; Death: 0/158 vs. 0/156

Verubecestat Placebo 1 Low 0.135 (-0.023, 0.293), p=0.094 AE: 1.06 (1.01, 1.10), 91.7% (887/967) vs. 87.0% (421/484); SAE: 5.12 (3.35,
7.82), 23.3% (225/967) vs. 4.5% (22/484); Death: 0.67 (0.15, 2.97), 0.4% (4/967)
vs. 0.6% (3/484)

Vitamin E Placebo 1 Some concern 0.013 (-0.160, 0.185), p=0.886 AE: NR; SAE: NR; Death: 1.01 (0.26, 3.44), 5/NR vs. 5/NR

Xanamem Placebo 1 Some concern 0.038 (-0.256, 0.332), p=0.799

AE: 1.03 (0.70, 1.53), 35.1% (33/94) vs. 34.0% (32/94); SAE: 1.00(0.26, 3.89),
4.3% (4/94) vs. 4.3% (4/94); Death: 0/94 vs. 0/94

ROB, risk of bias; N, number of trials; SMD, standardized mean difference; RR, relative risk; CI, confidence interval; AE, adverse event; SAE, serious adverse event; NR, not reported; GRADE,
Grading of Recommendations, Assessment, Development, and Evaluation.
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ative analysis against placebo revealed significant
efficacy for nine interventions. These included adu-
canumab (2 trials, fixed-effect, SMD -0.078, 95%
CI -0.150 to —0.005, p =0.036, I> =42.1%; low cer-
tainty), donanemab (2 trials, SMD -0.239, 95% CI
-0.343 to —0.134, p <0.001, I> = 0%; high certainty),
donepezil (3 trials, 6 months, SMD -0.279, 95%
CI -0.410 to -0.149, p=0.036, ? =42.1%; low cer-
tainty), ginkgo biloba extract (2 trials, SMD —0.765,
95% CI1-1.427 to-0.103, p = 0.024, I> = 86.1%; very
low certainty), lecanemab (2 trials, SMD -0.194,
95% CI -0.279 to —0.108, p<0.001, I> =0%; high
certainty), LipiDiDiet (1 trial[49], SMD -0.365,
95% CI -0.589 to —0.140, p=0.001; low certainty),
methylphenidate (1 trial[5S0], SMD -0.938, 95% CI
—1.477t0-0.399, p=0.001; low certainty), and qing-
gongshoutao (1 trial[26], SMD -1.177, 95% CI
—1.474 t0 -0.881, p<0.001; very low certainty). The
trials evaluating ginkgo biloba extract and qinggong-
shoutao were identified as having a high risk of bias
and were therefore excluded from the NMA. Four tri-
als were conducted to evaluate the efficacy of four
different TCMs compared to donepezil (Table 1)
[31-34]. Among these trials, two showed significant
efficacy: Bushen capsule (1 trial [33], SMD —0.698,
95% CI —1.219 to -0.176, p=0.017; very low cer-
tainty) and Yishen Huazhuo decoction (1 trial [32],
SMD -0.403, 95% CI -0.733 to —0.073, p=0.009;
very low certainty), and there was no significant dif-
ference in two other trials [31, 34]. All four TCM
trials were rated as high risk of bias, which were also
excluded from the NMA.

Network meta-analysis

Eleven trials (6 treatments and placebo) including
8137 patients reported the change in the cognitive
scores were included in the NMA (Fig. 2) [24, 25,
35, 36, 38, 40, 41, 45, 46, 49, 50]. Treatment rank-
ing probabilities suggested that methylphenidate had
the highest probability of being the best treatment,
followed by LipiDiDiet, donepezil, donanemab,
lecanemab, aducanumab, and placebo (Fig. 3 and
Supplementary Figure 1). In the NMA, we found that
the top five interventions demonstrated significant
cognitive benefit over aducanumab. Ten trials involv-
ing 8259 patients reported SAEs. The treatment
ranking probabilities indicated that aducanumab was
the safest treatment, while methylphenidate had the
highest risk (Supplementary Table 4 and Fig. 2).
However, no significant difference in SAEs was
observed among the seven treatments (Fig. 3).

Donepezil

3 (n=935)
2 (n=2008)

Aducanumab

2 (n=3285)
LipiDiDiet

1 (n=60)
Methy\phenidale Placebo

Fig. 2. Network plot of studies included in network meta-analysis.
(Each node indicates a treatment and is sized proportionally to
number of trial participants. Each line connecting two nodes
indicates a direct comparison between two treatments, and the
thickness of each line is proportional to the number of trials directly
comparing the two treatments.)

DISCUSSION

This systematic review and NMA included 58
RCTs of 48 interventions involving 33,864 older par-
ticipants with early AD. The primary objective was
to provide a comprehensive overview of the effi-
cacy and safety of pharmacologic and nutritional
interventions for early AD. Among the 48 interven-
tions analyzed, only six treatments—ranging from
low to high certainty—showed significant improve-
ment in cognitive decline. High certainty evidence
indicated that donanemab and lecanemab have the
potential to moderately slow the clinical progression
of early AD when compared to placebo. Additionally,
methylphenidate was found to significantly improve
cognition, while LipiDiDiet and donepezil moder-
ately reduced cognitive decline, and aducanumab
only slightly slowed clinical progression. However,
the certainty of results for these four interventions
was low. Furthermore, the analysis revealed no sig-
nificant difference in the occurrence of SAEs between
the six effective treatments and placebo. It is worth
mentioning that certain TCMs showed moderate or
large effects on efficacy; however, the risk of bias
associated with these interventions was high.

To the best of our knowledge, our study repre-
sents the first comprehensive systematic review and
NMA that aims to assess the efficacy and safety of
pharmacologic and nutritional interventions for early
AD. A previous review published in 2018 concluded
that there was insufficient evidence to support the
use of studied pharmacologic treatments for cogni-
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Methylphenidate

4.13 (0.49 to 34.77)

5.29 (0.55 to 51.09)

4.46 (0.55 to 36.20)

4.19 (0.52 to 34.12)

4.93 (0.61 to 39.97)

4.83 (0.60 to 38.89)

-0.56 (-1.15 to 0.02)

LipiDiDiet

1.28 (0.47 to 3.46)

1.08 (0.67 to 1.74)

1.02 (0.62 to 1.65)

1.19 (0.74 to 1.92)

1.17 (0.76 to 1.81)

-0.65 (-1.20 to -0.09)

-0.08 (-0.35 to 0.18)

Donepezil

0.84 (0.34 to 2.10)

0.79 (0.32 to 1.99)

0.93 (0.37 to 2.32)

0.91 (0.37 to 2.23)

-0.69 (-1.24 to -0.14)

-0.13 (-0.37 t0 0.12)

-0.04 (-0.21 t0 0.13)

D =

0.94 (0.70 to 1.26)

1.11 (0.85 to 1.45)

1.08 (0.89 to 1.32)

-0.73 (-1.28 to -0.19)

-0.17 (-0.41 to 0.07)

-0.09 (-0.24 t0 0.07)

-0.05 (-0.18 to 0.09)

1 h

1.18 (0.89 to 1.56)

1.15 (0.93 to 1.43)

Ad

-0.85 (-1.39 to -0.30)

-0.29 (-0.52 to -0.05)

-0.20 (-0.35 to -0.05)

-0.16 (-0.29 to -0.03)

-0.12 (-0.23 to -0.00)

0.98 (0.82 to 1.18)

.0.93 (-1.47 to -0.39)

-0.36 (-0.59 to -0.14)

-0.28 (-0.41 to -0.15)

-0.24 (:0.35 to -0.13)

-0.19 (-0.28 to -0.11)

-0.08 (-0.15 to -0.00)

Placebo

Fig. 3. League tables of the change in the cognitive scores (lower left with green color, standardized mean difference with 95% confidence
intervals) and serious adverse events (upper right with yellow color, relative risk with 95% confidence intervals).

tive protection in individuals with normal cognition
or MCI [51]. However, the trials of newer drugs such
as aducanumab, donanemab, and lecanemab have
been published in more recent years. A recent NMA,
which included only four trials, reported that lithium
demonstrated significantly greater efficacy than adu-
canumab in individuals with MCI or AD [52].
However, lithium did not show efficacy compared to
placebo in our review of early AD. Additionally, there
was another trial that was not included in our study
due to its short 10-week follow-up period, and it did
not support the use of lithium treatment in mild AD
[53]. Contrary to a previous meta-analysis suggest-
ing positive effects of intranasal insulin on cognition
in patients with AD or MCI [54], our study, which
included one trial with low risk of bias, revealed
no cognitive or functional benefits from intranasal
insulin treatment over a 12-month period [55]. Fur-
thermore, our study is consistent with another NMA,
as it found that donepezil demonstrated cognitive
benefits while memantine did not show cognitive ben-
efits for individuals with mild-to-moderate AD [56].

The minimum clinically important difference
(MCID) is fundamental for interpreting clinical trial
results, guiding clinical decisions, and designing
studies with adequate statistical power to detect
meaningful effects. Nevertheless, a consensus or
agreement on the MCID for outcomes in AD trials
is still lacking [57, 58]. Recent trials of donanemab
and lecanemab have shown that the primary outcome
met the MCID criteria when assessing change from
baseline using a clinical outcome score. However,
the drug-placebo difference did not reach the MCID
threshold of 0.98 for MCI-AD and 1.63 for mild AD
in CDR-SB score as established by Andrews et al
[59]. Furthermore, we did not retrieve any MCID
information regarding standardized mean differences
for AD or dementia.

Although aducanumab became the first approved
monoclonal antibody for AD, its efficacy remains a
subject of debate [60]. EMERGE and ENGAGE were
two phase 3 clinical trials of aducanumab in patients

with early AD [38]. The ENGAGE trial did not meet
its primary and secondary endpoints. However, in
the EMERGE trial, which had the same design as
ENGAGE, a statistically significant slowing of clin-
ical decline was observed in the high-dose arm of
the study. The findings from the low-dose groups in
both trials showed similar magnitude and a numeri-
cal preference for aducanumab. In our analysis, we
combined the results of both groups and pooled
the findings from the two trials. While the random-
effect result did not show statistical significance, the
fixed-effect meta-analysis indicated significant effi-
cacy (p=0.036, 1> =42.1%), although the effect size
was small (SMD =-0.078).

Noted that three new drugs, namely aducanumab,
donanemab, and lecanemab, are all anti-amyloid
monoclonal antibodies that target the underlying biol-
ogy of AD. These drugs function by eliminating
amyloid- from the brain and mitigating cognitive
and functional deterioration in individuals with early
AD who exhibit evidence of amyloid-{3 accumulation
in the brain through brain imaging or cerebrospinal
fluid analysis [61]. It is crucial to have treatments
that address the full scope of Alzheimer’s biology,
rather than solely targeting amyloid-{3 [61]. However,
not all anti-amyloid monoclonal antibody treatments
have shown favorable effects, such as gantenerumab,
solanezumab, and crenezumab. It is worth noting
that new drugs designed to lower amyloid levels
can lead to amyloid-related imaging abnormalities
with edema (ARIA-E) and hemosiderin deposition
(ARIA-H). Lecanemab had a 12.6% occurrence of
ARIA-E and 17.3% for ARIA-H. Donanemab had
rates of 24.0% for ARIA-E and 19.7% for ARIA-H.
Aducanumab showed 30.7% for ARIA-E and 17.8%
for ARIA-H microhemorrhage. However, in the con-
trol groups, the rates of ARIA-E were below 3% and
ARIA-H were below 10%. It is important to be cau-
tious when using these medications due to the risk of
ARIA.

Only one trial of methylphenidate was included
in this meta-analysis [50]. However, the participants
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in this trial were exclusively men, and the follow-
up period was limited to 12 weeks. In the future, it
would be beneficial to conduct large-scale trials that
encompass a broader range of older adults with early
AD and include longer follow-up periods. Noted that
while the Petersen study indicated that donepezil was
associated with a lower rate of progression to AD
in patients with amnestic MCI during the initial 12
months of treatment, this effect was not observed to
persist after three years [24]. Therefore, more evi-
dence is needed to evaluate the long-term efficacy of
donepezil for early AD.

A total of six TCMs were included in this study.
Among them, two treatments demonstrated efficacy
when compared to placebo, and two treatments
showed efficacy compared to donepezil. There was
no significant difference observed between the other
two treatments and donepezil. However, the risk of
bias in these trials was rated as high. Some research
has suggested that traditional Chinese herbs may have
the potential to retard amyloid-[3 deposits and tauopa-
thy, as well as regulate the metabolism of cholinergic
neurotransmitters, among other effects [62]. How-
ever, due to the complexity of TCMs, there is limited
knowledge regarding their safety and efficacy in
patients with cognitive impairment [62]. Therefore,
itis crucial to conduct well-designed, rigorous, large-
scale trials to thoroughly investigate the efficacy and
safety of TCMs in AD and MCL.

This review has several strengths. Firstly, the sys-
tematic review and NMA followed the PRISMA
guidelines and had a protocol registered in PROS-
PERO. Secondly, risk of bias for included trials was
assessed using a valid methodological tool, and the
quality of evidence for primary outcome was eval-
uated using GRADE. Thirdly, we have performed
sufficient analysis in the study. A narrative descriptive
synthesis and pairwise meta-analysis were conducted
for all included interventions to provide a comprehen-
sive overview of their characteristics, efficacy, and
safety. Moreover, the NMA was conducted to rank
the interventions based on their efficacy or safety.

We acknowledge some limitations. First, there
were variations in the characteristics of the patients
enrolled in the trials. The definition of early AD
varied among studies, including patients with MCI
or mild dementia due to AD, preclinical AD, or
amnestic MCI. Furthermore, some trials investigating
monoclonal antibodies specifically included patients
with amyloid pathology confirmed. These differences
in patients may introduce heterogeneity and impact
the generalizability of the findings. Second, there

is a lack of uniformity in the scales used to mea-
sure cognitive function across the included trials. For
example, the integrated Alzheimer’s Disease Rating
Scale IADRS) is a composite scale that assesses both
cognitive and functional domains, while the CDR-SB
focuses solely on cognitive function. Additionally,
while the change in cognitive scores was reported as
the primary outcome in most trials, in some trials it
was considered as a secondary outcome. Third, the
NMA conducted in this study may be limited due
to sparsity in the data. This is because all the tri-
als included in the NMA were directly compared
to placebo, and the relative effects between inter-
ventions were derived from indirect comparisons.
Furthermore, the NMA was performed using a fixed-
effect model, which may not provide robust results
due to the limited number of trials available for each
intervention. Finally, the trials evaluating TCMs were
rated as having a high risk of bias. As a result, the
efficacy and safety of TCMs in addressing early AD
remain uncertain. Further studies are needed to fill
this knowledge gap and provide more conclusive evi-
dence.

In conclusion, this systematic review and NMA
revealed that only a small portion of the phar-
macologic and nutritional interventions studied
demonstrated efficacy in reducing cognitive impair-
ment in early AD. High certainty evidence showed
donanemab and lecanemab have the potential to mod-
erately slow the clinical progression in patients with
amyloid pathology. Methylphenidate significantly
improved cognition, LipiDiDiet and donepezil mod-
erately reduced cognitive decline, and aducanumab
slightly slowed clinical progression, but the cer-
tainty of results for these interventions was low.
Further evidence is required to establish the efficacy
of methylphenidate, donepezil, LipiDiDiet, and adu-
canumab in improving cognitive outcomes in early
AD.
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