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Abstract 

Background:  Blood derivatives therapy is a conventional clinical treatment, while the treatment for Alzheimer’s 
disease (AD) is relatively novel. To provide clinical references for treating AD, this meta-analysis was performed to 
evaluate the efficacy and safety of blood derivatives therapy on the patients with AD.

Methods:  A systematic articles search was performed for eligible studies published up to December 6, 2021 through 
the PubMed, Embase, Cochrane library, Clini​calTr​ials.​gov, Chinese National Knowledge Infrastructure database, and 
Wanfang databases. The included articles were screened by using rigorous inclusion and exclusion criteria. Study 
selection and data-extraction were performed by two authors independently. Random effects model or fixed effects 
model was used. Quality of studies and risk of bias were evaluated according to the Cochrane risk of bias tool. All 
analyses were conducted using Review Manager 5.4. The study was designed and conducted according to the Prefer-
ring Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.

Results:  A total of three plasma administrations (two plasma exchange and one young plasma infusion) and five 
intravenous immunoglobulin (IVIG) randomized controlled trials with a sample size of 1148 subjects diagnosed 
with AD were included. There was no significant difference in cognitive improvement and all-cause discontinua-
tion between intervention and placebo groups (RR 1.10, 95% CI 0.79–1.54). And Intervention groups showed not a 
statistically significant improvement in cognition of included subjects measured by the ADAS-Cog (MD 0.36, 95% CI 
0.87–1.59), ADCS-ADL (MD −1.34, 95% CI − 5.01–2.32) and NPI (MD 2.20, 95% CI 0.07–4.32) score compared to the 
control groups. IVIG is well tolerated for AD patients even under the maximum dose (0.4 g/kg), but it is inferior to 
placebo in Neuropsychiatric Inventory scale in AD patients (MD 2.19, 95% CI 0.02–4.37).

Conclusions:  The benefits of blood derivatives therapy for AD are limited. It is necessary to perform well-designed 
randomized controlled trials with large sample sizes focusing on the appropriate blood derivatives for the specific AD 
sub-populations in the future.

Systematic review registration:  PROSPERO CRD42021233886
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Background
As the most common cause of dementia, Alzheimer’s 
disease (AD) is characterized by progressive cognitive 
impairment and personality changes [1]. The prevalence 
of AD is rapidly increasing with the coming acceleration 
of global population aging, which has been a huge burden 
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on social public expenditure [2–4]. The pathogenesis of 
AD is complicated and involves widely [5–9]. There are 
no known effective therapeutics for AD, so it is urgent 
to seek out a variety of potential treatments that can 
improve or preserve cognitive function.

Blood derivatives therapy is a conventional treatment 
that consists of a range of clinical measures, which aims 
to treat the illness by using blood derivatives such as 
plasma, blood cells, immunoglobulin, coagulation fac-
tor, albumin, and other blood components. Aside from 
anemia and bleeding, blood derivatives have been uti-
lized in a variety of diseases on account of the diversity of 
blood components [10, 11]. Currently, the most common 
blood derivatives therapies for AD are plasma exchange 
(PE), plasma infusion, and intravenous immunoglobu-
lin (IVIG). PE and young plasma infusion are beneficial 
in improving the cognitive function of AD patients in 
some pilot studies [12]. It has been verified that the tis-
sues of the aged mice were rejuvenated and the cognitive 
function was improved after diluting blood plasma or 
infusion of young plasma [13, 14]. Although the explicit 
mechanism is unclear, it may be related to the particular 
plasma components. IVIG, containing the full range of 
antibody spectrum, is derived from the plasma of thou-
sands of healthy donors. It has been used to treat patients 
with autoimmune diseases for decades [15–18]. Moreo-
ver, IVIG has been shown to have anti-inflammatory 
and immunomodulatory functions in addition to anti-
amyloid beta (Aβ) [19–21]. On the basis of these benefits, 
IVIG may be a potential treatment for AD.

At present, there are some randomized controlled trials 
(RCTs) focusing on the efficacy of blood derivatives ther-
apy for AD, but the obtained conclusions are conflicted 
[22–24]. In this study, we systematically retrieved the 
related studies and performed this meta-analysis to eval-
uate the efficacy of blood derivatives therapy for patients 
with AD. The safety was also investigated in light of the 
fact that the majority of AD patients are old and vulner-
able to adverse events.

Methods
This study was designed and conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) reporting guideline (Additional 
file  3) [25]. The present protocol has been registered 
within the PROSPERO database (registration number 
CRD42021233886).

Design and search strategy
The search included articles in English or Chinese lan-
guage published in the PubMed, Embase, Cochrane 
library, Clini​calTr​ials.​gov, Chinese National Knowledge 
Infrastructure database, and Wanfang databases through 

December 6, 2021. The search was conducted using the 
following keywords: Alzheimer* or cognitive dysfunc-
tion or Cognitive Impairment or dementia and blood 
or plasma or Immunoglobulins, Intravenous or IVIG or 
Antibodies, Intravenous or transfusion or apheresis or 
albumin and randomized controlled trial or controlled 
clinical trial. The detailed retrieval strategy can be found 
in the supplementary. The references to the included arti-
cles and reviews were also searched for citations of addi-
tional relevant published and unpublished studies.

Criteria for inclusion
Inclusion criteria for the systematic review were (1) a 
randomized controlled study of AD; (2) all subjects were 
diagnosed with AD; (3) experimental group was not 
given intervention other than blood derivatives under the 
guarantee of basic medical care; (4) related scales such as 
Alzheimer Disease Assessment Scale-Cog (ADAS-cog) 
were used to evaluate the cognitive function of experi-
mental group and control group before and after the 
intervention.

Criteria for exclusion
Studies were excluded if (1) study reported insufficient 
details to derive the study outcomes; (2) study had other 
interventions; (3) the full text of the study was not avail-
able in the databases; (4) study was written in languages 
other than English and Chinese.

Study outcomes
We assessed the primary outcomes of this study includ-
ing an efficacy measure, improvement in ADAS-cog, 
which is considered the gold standard for assessing the 
efficacy of antidementia treatments [26], and a safety 
measure, all-cause discontinuation. The secondary out-
comes including Alzheimer’s Disease Cooperative Study/
Activities of Daily Living (ADCS-ADL) [27], Neuropsy-
chiatric Inventory (NPI) [28], the Alzheimer’s Dis-
ease Cooperative Study-Clinical Global Impressions of 
Change (ADCS-CGIC) [29], and Clinical Dementia Rat-
ing scale–Sum of Boxes (CDR-sb) [30], were assessed 
for efficacy. The secondary outcomes for safety were the 
reported adverse events. We will not restrict the duration 
of the study and the time point of the evaluation for each 
outcome.

Data extraction
Two investigators (FZC, DX) independently performed 
the literature search and screening, and two investiga-
tors (BP, RJP) independently performed data extrac-
tion. Discrepancies were resolved through discussion 
between investigators. The extracted data items include 
(1) study design, country, study start and end dates, year 
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of publication; (2) participant characteristics, including 
age, sex, race/ethnicity, size, source; (3) type of demen-
tia, details of the intervention, treatment duration, and all 
clinical assessment scales.

Risk of bias
We scored the studies that met inclusion criteria accord-
ing to the Cochrane risk of bias tool [31], which evaluated 
the random sequence generation, allocation conceal-
ment, blinding of participants, personal and outcome 
assessment, incomplete outcome data, selective outcome 
reporting, and other biases (Fig.  1). The included RCTs 
were classified as low risk (L), high risk (H), or unclear 
risk (U) in the above items.

Data synthesis
We summarized the study design and demographic fea-
ture of each included study in Table 1. Specifically, infor-
mation including the year of publication, sample size, 
drug usage, treatment course, etc. of each individual 
study will be presented as a summary Table 1.

Measures of treatment effect
We used 95% confidence intervals (CI) to analyze binary 
data as risk ratio (RR) and analyzed continuous data as 
the mean difference (MD), ensuring that the higher 
scores of consecutive results have the same meaning for 
a particular result.

Assessment of heterogeneity
Cochran’s Q test and the Higgins I2 statistic were used to 
measuring the heterogeneity among the included stud-
ies. In addition, we assessed the heterogeneity by visu-
ally inspecting the forest plots to assess whether there is 
a good overlap in CI. The heterogeneity was considered 
significant if the I2 is greater than 50%.

Subgroup and sensitivity analyses
There was no subgroup and sensitivity analysis per-
formed due to the limitation of data. But blood deriva-
tives therapy is divided into plasma administration and 
IVIG therapy in this meta-analysis.

Results
A total of 10315 references were identified from the data-
bases (Fig.  2). After excluding duplications and screen-
ing of titles and abstracts, the full papers of 191 studies 
were obtained and assessed for eligibility. According to 
the inclusion criteria, 8 studies were finally included [12, 
23, 24, 32–36]. Plasma-related therapies for AD were 
summarized as plasma administration in this study. The 
definitive analysis included 3 plasma administration (2 
PE and 1 plasma infusion) RCTs and 5 IVIG RCTs (n = 

1148) published between 2012 and 2020 for individuals 
with AD from USA, Spain, Germany, Japan, and Canada. 
The concrete information of included studies was listed 
in Table  1. All analyses were conducted using Review 
Manager 5.4. Random effects model or fixed effects 
model was performed. There was no sensitivity analysis 
performed due to the limitation of data.

Results of the meta‑analysis regarding efficacy outcomes
Cognitive effects were measured by ADAS-Cog, ADCS-
ADL, and NPI in all the included studies. There was no 
significant difference in ADAS-Cog scores between the 
intervention (plasma administration and IVIG) and pla-
cebo groups (Fig.  3a, MD 0.36, 95% CI 0.87–1.59, P = 
0.57, I2 = 0%). For plasma administration groups, 2 RCTs 
with 351 patients were included in this meta-analysis [12, 
33]. The change of ADAS-Cog score was MD − 1.20, 95% 
CI − 3.77–1.37, P = 0.36, I2 = 0%. It means that plasma 
administration did not effectively improve the cognition 
of patients with AD. For IVIG, 4 RCTs with 485 patients 
were included [23, 24, 34, 35]. The change of ADAS-Cog 
score was MD 0.82, 95% CI − 0.58–2.22, P = 0.25, I2 = 
0%. IVIG also did not achieve satisfactory performance in 
improving cognitive function.

And there was no significant difference in ADCS-
ADL and NPI scores between the intervention (plasma 
administration and IVIG) and placebo groups (Fig.  3b, 
MD − 1.34, 95% CI − 5.01–2.32, P = 0.47, I2 = 60%; 
Fig. 3c, MD 2.20, 95% CI 0.07–4.32, P = 0.04, I2 = 0%). 
For plasma administration, there was no significant dif-
ference in terms of ADCS-ADL (P = 0.21) and NPI (P 
= 0.66) scores. It suggested that plasma administration 
had almost nothing to do with improvement in cogni-
tive function. For IVIG, the maximum dosage of IVIG 
was superior to placebo group in terms of ADCS-ADL 
(Fig. 3b): MD − 5.14, 95% CI − 9.03 to − 1.25, P = 0.01, 
I2 = 0%. However, IVIG was inferior to placebo group in 
terms of NPI scores (Fig. 3c): MD 2.19, 95% CI 0.02–4.37, 
P = 0.05, I2 = 0%.

Results of the meta‑analysis regarding safety outcomes
All the included studies were performed a safety meta-
analysis. It is found that no significant differences 
between blood derivatives group and placebo group in 
the number of patients with all-cause discontinuation 
rates (Fig. 4a, RR 1.10, 95% CI 0.79–1.54, P = 0.58, I2 = 
0%). However, plasma administration was associated 
with a higher incidence of adverse events (Fig.  4b): RR 
1.29, 95% CI 1.13–1.47, P = 0.0002, I2 = 0%. There was 
no difference in adverse events when comparing IVIG 
with placebo for AD patients (Fig. 4b): RR 1.01, 95% CI 
0.85–1.21, P = 0.87, I2 = 0%.
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Fig. 1  Assessment for risk of bias in included studies
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Discussion
This is the first comprehensive meta-analysis to evaluate 
the efficacy and safety of blood derivatives therapy for 
treating AD. In order to ensure the credibility, this meta-
analysis only included RCTs with high-quality evidence. 
All non-randomized controlled trials such as cohort 
studies were excluded. Similarly, preprints that have not 
been peer-reviewed will not be included.

For plasma administration group (PE and plasma infu-
sion), the difference from the placebo group in all scale 
scores did not meet statistical significance. The benefits 
of plasma administration were only found in limited 
studies. In Merce 2020 [12], PE was superior to placebo 
group in terms of CDR-sb and ADCS-CGIC scores, espe-
cially for patients with mild AD. And in Sha 2019 [32], 
young plasma infusion group performed better than pla-
cebo group in terms of ADCS-ADL scores.

One of the theoretical basis of PE in the treatment of 
AD is sink hypothesis [37]. According to the hypothesis, 
Aβ level is a dynamic equilibrium in cerebrospinal fluid 
(CSF) and plasma [38]. CSF Aβ level fall when the plasma 
Aβ are removed by PE, which may be beneficial to AD 
[39]. In addition, PE may reduce the damage to bodily 
tissues caused by certain aging factors that may be con-
tained in the blood of the elderly [40]. It has been found 
that the level of plasma β2 microglobulin (β2M) and 
C-C motif chemokine 11 (CCL11) rise with age and are 
positively correlated with the progression of AD [41–45]. 
PE might provide beneficial effects on AD patients by 
decreasing β2M, CCL11, and other unknown aging fac-
tors. Young plasma infusion may have a beneficial effect 
on the cognition of elderly recipients by bringing many 
beneficial factors such as thrombospondin-4, which 
can promote synaptogenesis and nourish nerves [46]. 

Table 1  Characteristics of RCTs included in this systematic review

RCT​ randomized controlled trial, PE plasma exchange, IVIG intravenous immunoglobulin, MCI mild cognitive impairment, NR not reported, MMSE Mini-mental State 
Examination

Source Country Study design Total, n Subjects 
intensity

Age (years) 
mean (SD)

Baseline 
MMSE
mean (SD)

Intervention Duration Risk of bias

Merce [12] 
2020

Spain and 
USA

RCT​ 322 Mild to 
moderate

69.0 (7.7) 21.6 (2.6) PE VS placebo 6 weeks + 
12 months (6 
weeks dosing 
period and 
12 months 
observation 
period)

L, L, L, L, U, U

Sha [32] 2019 USA RCT​ 18 Mild to 
moderate

74.2 (3.84) 19.39 (3.24) Young plasma 
infusions VS 
placebo

14 weeks L, L, L, U, H, U

NCT00742417 
[33] 2017

Spain and 
USA

RCT​ 37 Mild to 
moderate

67.7 (7.9) 21.5 (2.8) PE VS placebo 21 weeks + 
6 months (21 
weeks dosing 
period and 
6 months 
observation 
period)

L, L, L, U, U, U

Kile [34] 2017 USA RCT​ 49 MCI 72.3 (7.56) 26.6 (2.4) IVIG VS  
placebo

104 weeks 
(10 weeks 
dosing period 
and 94 weeks 
observation 
period)

L, L, L, L, U, U

Relkin [23] 
2017

USA and 
Canada

RCT​ 390 Mild to 
moderate

70.3 (9.3) 21.3 (3.2) IVIG VS  
placebo

78 weeks L, L, L, U, H, U

NCT01524887 
[24] 2012

USA RCT​ 261 Mild to 
moderate

70.8 (9.0) NR IVIG VS  
placebo

78 weeks L, U, L, L, L, L

Dodel [35] 
2013

Germany and 
USA

RCT​ 55 Mild to 
moderate

70.1 (8.2) 21.5 (5.3) IVIG VS  
placebo

24 weeks L, L, L, L, L, L

Arial [36] 2014 Japan RCT​ 16 Mild to 
moderate

72.6 20.0 IVIG VS  
placebo

26 weeks (12 
weeks dosing 
period and 
14 weeks 
observation 
period)

U, U, L, U, U, U
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Young plasma infusions have been successful in mice as 
the learning and memory function of old mice was con-
siderably improved when they were infused with young 
plasma [47].

Given these reasons, plasma administration, includ-
ing PE and plasma infusion, retains therapeutic poten-
tial in the treatment of AD. But it needs not only more 
sophisticated RCTs but also further studies on anti-
aging and aging factors in plasma in the future. For 
safety, plasma administration has a higher incidence of 
adverse reactions, which may be related to the invasive-
ness of the treatment and the complexity of plasma com-
ponent. Although the majority of these adverse events 
are not lethal and easy to manage such as blood pres-
sure changes, dizziness and infection, care should be 
taken since older people are more vulnerable to these 
occurrences.

For IVIG group, the clinical benefits also were limited. 
It has been demonstrated that IVIG contains anti-Aβ 
antibody, which can promote the removal of natively 
formed brain Aβ deposits [48]. However, no signifi-
cant difference was found between IVIG and placebo 

treatment groups in terms of ADAS-Cog scores. The high 
dose (0.4 g/kg) IVIG group achieved better effects only 
in ADCS-ADL scores (P = 0.01). Although the results of 
this meta-analysis are disappointing, IVIG may improve 
MCI and brain atrophy in the short term [34]. There 
was no significant difference in cognitive improvement 
between IVIG and placebo group after 2 years of inter-
vention, but IVIG alleviated brain atrophy and improved 
significantly cognitive function in patients with MCI 
within 1 year [34]. It suggested that IVIG could be more 
helpful in the treatment of the ultra-early course of AD.

Surprisingly, IVIG group performed the worst in NPI 
scale, which is often used to evaluate the neurologi-
cal and mental status of the elderly with dementia, sug-
gesting IVIG deteriorated behavioral and psychological 
symptoms of AD patients [49]. A possible explanation is 
that IVIG decreased CSF Aβ levels quickly [23], which 
is proven to be related to an increase in neuropsychiat-
ric symptoms [50]. Reportedly, the anti-inflammatory 
cytokine IL-10 showed reverse correlations with total NPI 
score (the score of 0 is the best in NPI scale) in patients 
with AD [51], and the presence of IVIG significantly 

Fig. 2  Study flow diagram
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Fig. 3  a Forest plots of ADAS-Cog scores (6 comparisons, n = 836). b Forest plots of ADCS-ADL scores (5 comparisons, n = 446). c Forest plots of 
NPI scores (3 comparisons, n = 505)
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increases the expression of IL-10 in  vivo and vitro [52, 
53]. But it’s unlikely to apply the higher dose IVIG to 
increase its anti-inflammatory effects, considering the 
risk of possible adverse events [54, 55]. AD-specific IVIG 
may be an alternative approach because it could contain 

higher concentrations of selected antibodies such as 
anti-Aβ, anti-tau protein, and anti-inflammatory after 
purification and recombination and recombinant poly-
clonal antibody technology [56–60]. Besides, there is 
growing consensus that cognitive impairment may be 

Fig. 4  a Forest plots of all-cause discontinuation rates (7 comparisons, n = 845). b Forest plots of adverse events (8 comparisons, n = 1142)
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due to the neurotoxicity of Aβ oligomers [61]. Therefore, 
the development of specific IVIG for Aβ oligomers rather 
than monomers may be another therapeutic option. For 
safety, there is no significant difference between IVIG 
and placebo in all-cause discontinuation and adverse 
events. So, IVIG is a safe treatment.

Since the amyloid cascade hypothesis was published 
in 1991, AD therapy has focused primarily on monoclo-
nal anti-Aβ antibodies [62], β-secretase inhibitors [63], 
and γ-secretase modulators [64] and inhibitors [65]. But 
they did not successfully slow down the progressive loss 
of cognitive function in patients with AD. The single-
target drug may not well interfere with the progression 
of AD with complex pathogenesis. Plasma is rich in anti-
body spectrum and beneficial factors, which may be an 
important resource for searching for drugs against AD. 
In addition to plasma and IVIG, a new blood derivative 
GRF6019 has been developed and used in AD research 
[66]. GRF6019 is made from mixed plasma from healthy 
donors but depletes immunoglobulins and coagulation 
factors. It demonstrated excellent safety, feasibility, and 
tolerability in a pilot trial for the treatment of mild to 
severe AD patients [67]. Future trials designed to char-
acterize the potential functional benefits of GRF6019 and 
related plasma fractions in AD are warranted.

Limitations
Of course, several limitations may affect the results of 
our meta-analysis. Firstly, although the search strategy 
is strict, we may not be able to include certain studies, 
such as non-English or non-Chinese and publications 
that are not in the searched database. Secondly, the data 
gathered is limited since this meta-analysis only covers 
RCTs with high-quality evidence. And the included RCTs 
were mainly conducted in the USA so the data was only 
marginally representative. Finally, we cannot exclude the 
effect of publication bias and the potential effects caused 
by some confounders.

Conclusions
Blood derivatives therapy is a safe treatment for AD. But 
this meta-analysis suggests the benefits of blood deriva-
tives therapy in improving cognition are limited. Due to 
the complexities of the plasma component and patho-
genesis of AD, it is necessary to investigate what plasma 
components play a role in the treatment of AD. Larger 
and longer RCTs are needed in the future to confirm the 
real clinical potential of blood derivatives therapy in AD, 
especially for MCI patients.
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