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Abstract

Background Systematic reviews (SRs) are pivotal in vaccination recommendation development. However, the reli-
ability of their findings relies on methodological rigor. This study examines the methodological quality of vaccination-
related SRs and aims to identify influencing factors.

Methods We used the SYSVAC registry to draw 120 SRs on the efficacy or effectiveness of vaccination using a rand-
omized block design. SRs published from 2011 to 2023 were considered. SR characteristics were extracted, and meth-
odological quality was assessed by two reviewers using AMSTAR 2 (A Measurement Tool to Assess Systematic Reviews
2). SRs were scored between 0 and 16 and categorized as high, moderate, low, or critically low quality. Mann-Whitney
U test, chi-squared test, Fisher's exact test, and multivariable linear regression analysis were used to assess the influ-
ence of SR characteristics on AMSTAR 2 score. Secondary analysis of critically low-rated SRs was conducted to identify
limitations in critical items.

Results Out of 120 SRs, 110 SRs were rated as of critically low-quality. The majority of critically low-rated SRs lacked
the justification for excluding individual studies (n=103, 93.6%) and protocol registration (n=85, 77.3%). Median
AMSTAR 2 score across all SRs was 10 (range 2-16). SRs published after 2017, Cochrane reviews, and SRs from authors
with no conflicts of interest (Col) had higher methodological quality than those published before 2017, non-Cochrane
reviews, and SRs from authors with Col (mean difference AMSTAR 2 score 2, 6, and 2, respectively; all p <0.05). SRs
published before 2017 had significant limitations in protocol registration, study selection in duplicate, and risk of bias
assessment; and non-Cochrane reviews in protocol registration, justification for excluding individual studies, funding
sources of studies, and impact of risk of bias assessment of individual studies (all p <0.05). Management of conflicts
was described only in a quarter of SRs with Col (n=9/43, 20.9%). The adjusted analysis showed that only publication
year after 2017 and Cochrane review status had a significant independent relation on the AMSTAR 2 score (R?=0.26;
adjusted R?=0.17).

Conclusion The findings underscore the critical methodological shortcomings in vaccination-related SRs. Future
efforts should prioritize adherence to established methodological standards and transparency, to enhance the impact
of SRs in individual and decision-making.
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Background

Critical assessment of the methodological quality of sys-
tematic reviews (SRs) is crucial. Among several tools
available to assess the quality of SRs [1-3], AMSTAR 2
(A Measurement Tool to Assess Systematic Reviews 2) is
one of the most often used [2, 4]. AMSTAR 2 was devel-
oped in 2017 for SRs of randomized and non-randomized
controlled trials of healthcare interventions [2]. The tool
consists of 16 items which have to be answered using four
response categories (yes/partial yes/no/no meta-analysis
conducted) [2]. A higher number of fulfilled items (i.e.,
answered by “yes”) corresponds to a higher methodologi-
cal quality, ranging from a score of O to 16. Seven items
are defined as being of critical importance. Based on
identified flaws in items, AMSTAR 2 classifies the overall
confidence of a SR into four categories: high, moderate,
low, and critically low.

National Immunization Technical Advisory Groups
(NITAGs) are independent expert groups which develop
vaccination recommendations for national immuniza-
tion programs [5]. Regarding efficacy, effectiveness,
and safety of vaccines, NITAGs are requested to base
their recommendations on best-available evidence, ide-
ally the results of SRs. A recent bibliometric analysis
showed a substantial increase in the number of vaccina-
tion-related SRs over the past decade, with a major pro-
portion of them being rated as critically low in overall
methodological quality [6]. However, no detailed anal-
ysis on the individual AMSTAR 2 items has been con-
ducted in this study [6]. Using reliable and transparently
reported SRs without methodological flaws is crucial for
NITAGs to develop evidence-based vaccination recom-
mendations, reducing the risk of false conclusions that
could negatively impact decision-making and trust in
the recommendation.

Therefore, the aim of this study was (i) to assess the
methodological quality of SRs on the efficacy and effec-
tiveness of vaccines and (ii) to investigate the character-
istics influencing the methodological quality of these SRs.

Methods
We performed a cross-sectional study following a proto-
col developed a priori (see Additional file 1).

Database and review selection

We used the SYSVAC registry to draw a sample of SRs on
the efficacy or effectiveness of vaccination. SYSVAC is a
freely accessible database hosted by the NITAG Resource
Center [7], which has its secretariat based at the World
Health Organization (see www.nitag-resource.org/sys-
vac-systematic-reviews) [8]. As of 15 August 2024, SYS-
VAC comprised a total of 2275 SRs (including umbrella
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reviews) on vaccination-related topics. SRs included in
SYSVAC are identified by monthly systematic literature
searches conducted in MEDLINE on the OVID platform,
Embase, the Cochrane Library of Systematic Reviews,
and the Living Overview of Evidence repository [9] (for
details, see Additional file 2 and [8, 10]). Outcomes con-
sidered in SYSVAC include microbiological, biological, or
immunological markers (e.g., antibodies, immune cells),
along with epidemiological factors (e.g., infection) and
the impact on disease epidemiology (including indirect
effects and impact on serotype distribution). We used
block randomization to draw a sample of 120 SRs from
SYSVAC. Blocks were defined according to a single vac-
cine-preventable disease being the topic of the respective
SR, as follows: block 1: human papillomavirus (HPV),
block 2: influenza, and block 3: other vaccine-preventa-
ble diseases. Thereby, each block included 40 SRs. Only
SRs published between 2011 and 2023 were considered
to focus on current trends and standards. The SYSVAC
registry was initiated in 2011 and only SRs published
from this time onwards are incorporated in the registry.
The incorporation of SRs published in 2024 had not been
completed at the time point of the analysis. All targeted
populations and settings were eligible. Umbrella reviews
were not considered.

Data extraction and methodological quality assessment

Two reviewers (AP, HL, MB, IT, NR, CP, AJ) extracted
the following SR characteristics from the SRs into an
Excel extraction form: year of publication; disease/
pathogen focus of SR; number of authors; institu-
tion and country of corresponding author; Cochrane
review; type of included studies in SR; funding infor-
mation of SR; and declaration of conflicts of inter-
est (Col). The methodological quality was assessed by
pairs of experienced SR methodologists (AP, HL, MB,
IT, NR, CP) using AMSTAR 2 (published first in 2017
[2]), with minor adjustments of some items against the
original tool for facilitated analysis (see Table 1 for fur-
ther details). All 16 items were assessed, and judgments
were justified by quotes. Each item was answered with
either “yes’, “partial yes”, “no” or “no meta-analysis con-
ducted” (if appropriate). Any disagreements where no
guidance was available from the AMSTAR 2 tool guid-
ance (e.g., item 16 on dealing with conflicts of interests)
were solved through discussion until consensus was
achieved. A summary score was calculated by sum-
ming the number of items fulfilled (i.e., answered by
“yes’, “partial yes”, and “no meta-analysis conducted”).
According to AMSTAR 2, high-quality denotes no or
one non-critical weakness identified; moderate-quality
denotes more than one non-critical weakness iden-
tified; low-quality denotes one critical flaw with or
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Table 1 Description of original AMSTAR 2 items and adjustments
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Item Description of original AMSTAR 2 item [2]

Adjustment

1 Did the research question and inclusion criteria for the review include the compo- -

nents of PICO?

2 Was there “a priori” protocol designed and any significant deviations from the

protocol justified?

Only “yes"or “no”option as generally binary outcome

3 Was the selection of the study designs for inclusion in the review explained? Any information on study type sufficient to meet this item

4 Was a comprehensive literature search strategy used? (subitem: justified Any information on restrictions sufficient to meet subitem
publication restrictions)

5 Was study selection performed in duplicate? -

6 Was data extraction performed in duplicate? -

7 Did the review authors provide a list of excluded studies and justify the exclu- Only “yes”or"no” option as generally binary outcome
sions?

8 Were the included studies described in adequate detail? Only “yes"or “no” option as generally binary outcome

9 Was a satisfactory technique used for assessing the RoB in individual studies  Only “yes”or “no” option as generally binary outcome

included in the review?

10 Were sources of funding for the studies included in the review reported? -

11 Were appropriate methods for statistical combination of results used?* -

12 Was the potential impact of RoB in individual studies on the results assessed?* -

13 Did the review authors account for RoB in individual studies when interpret- -

ing/discussing the results of the review?

14 Was a satisfactory explanation for, and discussion of any heterogeneity observed -

in the results provided?

15  Was an adequate investigation on publication bias conducted and its likely -

impact on the results discussed?*

16 Were potential conflicts of interest declared and how were they dealt with? -

Items in bold are critical items
" if meta-analysis conducted (term “meta-analysis” needs to be mentioned)

PICO Population, Intervention, Comparator, Outcome, RoB Risk of bias

without non-critical weaknesses identified; and criti-
cally low-quality denotes more than one critical flaw
with or without non-critical weaknesses identified (see
Table 1 for critical items) [2].

Statistical analysis

Descriptive statistics are displayed as median and range or
frequencies and percentages, as appropriate. Differences
in AMSTAR 2 score according to SR characteristics were
compared using Mann—Whitney U test. Chi-squared
test or Fisher’s exact test was used to compare individual
AMSTAR 2 items. Multivariable linear regression was
applied for influence analysis of SR characteristics on
AMSTAR 2 score. Secondary analysis was conducted for
SRs rated as critically low to identify limiting patterns of
critical items (items 2, 4, 7, 9, 11, 13, and 15) that con-
tributed to their AMSTAR 2 rating. For all analyses, the
responses “yes’, “partial yes” and “no meta-analysis con-
ducted” were combined into one response, and the item
was considered to be fulfilled. P-values below 0.05 were
considered statistically significant. All statistical analyses
were carried out using R (version 4.4.1).

Results

The search in the SYSVAC registry identified 2275 SRs,
of which 1376 SRs addressed interventions (i.e., efficacy
or effectiveness of vaccines) and were therefore eligi-
ble for AMSTAR 2. According to study design, 120 SRs
were included in the analysis (see Fig. 1 for flow chart). A
list of the SRs not considered in this analysis is available
upon request.

About half of the included SRs were published in or
after 2019 and had a median of five authors. Most SRs
had a corresponding author with an academic back-
ground (n=64; 53.3%), followed by a background in
policy/government (1=20; 16.7%). Three SRs were
Cochrane reviews. The majority of SRs included rand-
omized-controlled trials (RCTs; n=87, 72.5%). Out of
the 87 SRs with reporting on funding, 18 SRs (15.0%)
were funded by pharmaceutical companies. Forty-
three SRs (35.8%) reported that at least one author had
a Col. Table 2 summarizes further characteristics of the
included SRs. Details on individual SRs are shown in
Additional file 3.

The methodological quality of most SRs was critically
low, with flaws in more than one critical item (n=110,
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[2275 systematic reviews included in SYSVAC registry]

>

Excluded reviews
899 AMSTAR 2 not applicable

[ 1376 AMSTAR 2 assessed reviews ]

][ Screening ][ Identification ]

[ 120 block randomized reviews included in analysis J

Included

[ 40 reviews on HPV ][40 reviews on inﬂuenza][

40 reviews on mixed
disease/pathogen areas

[

Fig. 1 Flow chart of block-randomized selection process for systematic reviews on vaccination efficacy/effectiveness included in SYSVAC registry
[8] AMSTAR 2 A Measurement Tool to Assess Systematic Reviews 2, HPV Human papillomavirus

91.7%). Six SRs were of high quality (5.0%), of which four
had flaws in one non-critical item (item 6, 10, 12, or 14).
The median of the AMSTAR 2 score, including meta-anal-
ysis considering items, was 10 (range 2—-16). Table 3 sum-
marizes the methodological quality of the included SRs.

Secondary analysis of critically low-rated SRs (n=110)
showed that the majority of them failed to meet two to
four out of seven critical items (see Table 4 for number
of critical items not met). Almost all critically low-rated
SRs lacked the justification for excluding individual stud-
ies (item 7; n=103, 93.6%) and did not report a protocol
registration (item 2; n=85, 77.3%). Only some SRs did
not report an adequate literature search strategy (item
4; n=23, 20.9%) or applied appropriate meta-analytical
methods (item 11; n=26, 23.6%). Most frequent combi-
nations of unmet critical items were lack of protocol reg-
istration (item 2) plus lack of justification for excluding
individual studies (item 7) plus no or inadequate risk of
bias (RoB) assessment (item 9) and interpretation (item
13) (n=16, 14.4%); or the lack of protocol registration
(item 2) plus justification for excluding individual studies
(item 7) (n=10, 9.0%) (Fig. 2). All AMSTAR 2 ratings can
be found in Additional file 4.

Bivariate analyses showed that SRs published after
2017 (AMSTAR 2 was published first in 2017 [2]) and
Cochrane reviews had a significantly higher methodo-
logical quality than SRs published before 2017 (mean
AMSTAR 2 score difference: 2; p=0.004) and non-
Cochrane reviews (mean AMSTAR 2 score difference:
6; p=0.003). Furthermore, SRs with declared conflicts
of interests were of significantly lower methodological

quality than SRs with no conflicts of interests (mean
AMSTAR 2 score difference: 2; p=0.004). None of the
other characteristics had an impact on the methodolog-
ical quality (see Table 5 for bivariate analyses).

To further investigate which individual AMSTAR
2 items contributed to these differences, we com-
pared SRs published before and after 2017, Cochrane
reviews and non-Cochrane reviews, and SRs from
authors with and without Col. SRs published after
2017 had significantly higher methodological qual-
ity than SRs published before 2017 because of pro-
tocol registration (40.8% vs. 9.1%, critical item 2),
study selection in duplicate (78.9% vs. 54.5%, non-
critical item 5), and adequate RoB assessment (56.6%
vs. 27.3%, critical item 9) (all p<0.05, see Fig. 3a).
Cochrane reviews had significantly higher methodo-
logical quality than non-Cochrane reviews because
of protocol registration (100.0% vs. 27.4%, critical
item 2), justification for excluding individual studies
(100.0% vs. 9.4%, critical item 7), reporting of fund-
ing sources of studies (100.0% vs. 16.2%, non-critical
item 10), and reporting the impact of RoB assessment
of individual studies (100.0% vs. 54.7%, non-critical
item 12) (all p<0.05, see Fig. 3b). Interestingly, only
a quarter of SRs with declared Col described their
approach for managing these conflicts (n=9/43,
20.9%, non-critical item 16).

The multivariable linear regression analysis
showed that 26% of the variability of the methodo-
logical quality of the SRs was explained by the eight
factors in the model (R*=0.26; adjusted R>=0.17;
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Table 2 Characteristics of included vaccination-related

systematic reviews. N=120
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Table 3 Methodological quality of included vaccination-related
systematic reviews. N=120

Characteristics of systematic reviews

Median (range) or
n (%)

Year of publication
Disease/pathogen (intervention)
HPV, Influenza (each)
Tuberculosis
Herpes zoster

Cholera, Dengue, HIB, Poliomyelitis, TBE, Varicella
(each)

Hepatitis A, Yellow fever (each)

Diphtheria, Ebola, Herpes simplex, Meningococ-
cal disease, Mpox, Mumps, Rabies, Streptococcus
group B, Zika virus (each)

Number of authors

Institution of corresponding author
Academia
Policy/government
Industry
Cross-sector

Country of corresponding author
United States of America
China, United Kingdom (each)
Australia, Italy (each)
Canada
Switzerland
Brazil, Germany, Netherlands (each)
France

Bangladesh, Belgium, Denmark, Ireland, Repub-
lic of Korea, Peru, Portugal, South Africa, Spain,
Taiwan (each)

Argentina, Guinea-Bissau, Hungary, India, Islamic
Repubilic of Iran, Japan, Norway, Poland, Singapore,
Sweden, Tanzania, Zambia (each)

Cochrane review
Study design included (multiple possible)
RCTs
NRSIs
Single-arm studies
Funding by pharmaceutical company
No
Not reported
Yes
Conflicts of interests declared
No
Yes
Not reported

2019 (2011-2023)

3(2.5)

87 (72.5)
65 (54.2)
15(12.5)

69 (57.5)
33(27.5)
18 (15.0)

74 (61.7)
43 (35.8)
3(25)

HIB Haemophilus influenzae type b, HPY Human papillomavirus, NRSIs Non-
randomized studies of interventions, RCTs Randomized-controlled trials, TBE

Tick-borne encephalitis

Methodological quality of systematic reviews Median
(range) or
n (%)
AMSTAR 2 overall confidence
Critically low 110 (91.7)
High 6 (5.0)
Low 4(33)
Moderate 0(0.0)
AMSTAR 2 score 10 (2-16)
AMSTAR 2 score (excl. meta-analysis considering items 11, 9 (0-16)
12,and 15)

AMSTAR 2 A Measurement Tool to Assess systematic Reviews 2

Table 4 Limitations in AMSTAR 2’ critical items of critically low-
rated systematic reviews

Number of limitations in critical Number of SRs (n) %
items

Two 29 264
Three 25 227
Four 28 255
Five 18 164
Six 8 73
All seven 2 18

Item 2 Protocol registration, Item 4 Adequacy of literature search strategy, ltem

7 Justification for excluding individual studies, /tem 9 Risk of bias assessment,
Item 11 Appropriateness of meta-analytical methods, /tem 13 Risk of bias
interpretation, /tem 15 Publication bias. Further information on AMSTAR 2 critical
items can be found in Table 1. N=110

see Table 6 for analysis). However, only the publica-
tion year after 2017 (yes/no) and Cochrane review
status (yes/no) had a significant independent influ-
ence on AMSTAR 2 score.

Discussion

This methodological study used the AMSTAR 2 tool
to assess the methodological quality of vaccination-
related SRs and to identify sources and determining
factors of critically low quality. We found only a minor-
ity of SRs of high quality, particularly those published
in the Cochrane Library. The predominance of critically
low-quality SRs in our random sample of vaccination-
related SRs is concerning, considering their relevance
in guiding global and national vaccination policies.
Recent overviews of SRs on COVID-19 or influenza
vaccination showed similar results regarding the pro-
portion of critically low-rated SRs [11-14].
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Item 2|Item 4|Item 7|Item 9|ltem 11|item 13|item 15

16 (14.4)
10 (9.0)
7 (6.3)
7 (6.3)
5 (4.5)
5 (4.5)
4 (3.6)
4(3.6
4 (3.6)
4(3.6)
3(2.7)
3(2.7)
3{2.7
2(1.8)
2 (1.8
2(1.8)
2(1.8)
2(1.8)
2(1.8)
1(0.9
1 (0.9)
1(0.9
1 (0.9)
1(0.9)
1(0.9)
1(0.9)
1(0.9
1 (0.9)
1(0.9
1(0.9)
1(0.9)
1(0.9)
1(0.9)
1(0.9
1 (0.9)
1(0.9
1 (0.9)
1(0.9)
1(0.9)
1(0.9)
1(0.9
1 (0.9)

Number of reviews 85 23 | 103 | 65 26 58 37
item not met (%) |(77.3)](20.9)](93.6)|(59.1)] (23.6) | (52.7) | (33.6)

Fig. 2 Patterns of AMSTAR 2's limitations in critical items of systematic reviews. Red indicates limitations and green fulfillment of an item. ltem 2

Protocol registration, /tem 4 Adequacy of literature search strategy, ltem 7 Justification for excluding individual studies, ltem 9 Risk of bias assessment,

Item 17 Appropriateness of meta-analytical methods, /tem 13 Risk of bias interpretation, /tem 15 Publication bias. Further information on AMSTAR 2
critical items can be found in Table 1. N=110

Number of
systematic
reviews
(%)

Our results showed that the most often unmet critical  (items 7 and 2), leading to a critically low rating. This obser-
items of AMSTAR 2 were related to the justification for  vation was also made in overviews of SRs in other areas of
excluding individual studies and the protocol registration  medicine, such as non-operative treatments for proximal
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Table 5 AMSTAR 2 scores according to characteristics of
vaccination-related systematic reviews

Characteristics of systematic Yes® No? p-value®
reviews
Publication year after 2017¢ 11(3-16) 9(2-16) 0.004
Number of authors involved in sys- 10(3-16) 9(2-15) 0.28
tematic review > 59
Cochrane review 16 (15-16) 10(2-15) 0.003
Type of included studies
RCTs included 10(5-16) 9(@4-15) 024
NRSIs included 10 (4-15) 10(5-16) 046
Single-arm studies included 11(8-15) 10(4-16) 0.08
Funding by pharmaceutical company 8 (3-15) 10 (2-16) 0.05
Conflicts of interest 8 (3-15) 10 (2-16) 0.004

NRSIs Non-randomized studies of interventions, RCTs Randomized-controlled
trials

@ Median (range)

b Mann-Whitney U-test

€ AMSTAR 2 was published first in 2017 [2]
4 Median of included authors in review

humerus fractures [15]. Justifying the exclusion of individual
studies in a SR increases transparency and reproducibility
and supports the understanding of the eligibility criteria of
the review. Protocol registration not only informs research-
ers about ongoing SRs, thereby helping to avoid redun-
dancy, but also increases transparency and minimizes the
potential for bias [16].

A recent bibliometric analysis of vaccination-related
SRs showed that the proportion of SRs with high qual-
ity increased from 9% in 2017 to 22% in 2018 [6],
which coincides with the release of AMSTAR 2 and
the Cochrane Collaboration Handbook for review
authors [2]. This might indicate an increasing aware-
ness in the research community regarding meth-
odological standards for the conduct of SRs. Making
protocol registration in platforms like PROSPERO
mandatory by publishers might further enhance trans-
parency and minimize reporting bias [17, 18]. Other
strategies may be enforcement of compliance with
reporting guidelines such as PRISMA, or incentives
for rigorously conducted SRs with greater recognition
and support through funding agencies and academic
institutions [19, 20].

So far, two studies have assessed the methodologi-
cal quality of SRs on influenza vaccination [21, 22].
Using the first version of the AMSTAR tool, Rem-
schmidt et al. also found that the Cochrane review sta-
tus (Cochrane review vs. non-Cochrane review) had an
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impact on the methodological quality of SRs on influ-
enza vaccination [21]. However, in their sample of SRs,
major flaws were observed with regard to study selec-
tion in duplicate, inclusion of grey literature, and jus-
tification for excluding individual studies [21]. These
results differ from those of our study, where Cochrane
reviews differed from non-Cochrane reviews regard-
ing protocol registration, justification for excluding
individual studies, funding sources of the included
studies, and the impact of the RoB assessment of indi-
vidual studies (item 2, 7, 10, and 12). Additionally, our
results showed that SRs published after 2017 (i.e., after
publication of AMSTAR 2) were of higher methodo-
logical quality. Differences in the quality between SRs
published after and before 2017 were due to proto-
col registration, study selection in duplicate, and RoB
assessment (item 2, 5, and 9). However, direct compar-
ison between both studies is limited due to differences
between the two versions of the AMSTAR tool. In con-
trast to another study on vaccination-related SRs pub-
lished from 2016 to 2019 [22], we did not observe an
impact of industry sponsorship on the methodologi-
cal quality of SRs. However, similar to that study [22],
the same proportion of industry-funded SRs (15%)
was found. Even if funding by the pharmaceutical
industry did not influence the methodological qual-
ity of vaccination-related SRs, the management of Col
(item 16) was poorly described and remains crucial
for interpreting SRs and drawing reliable conclusions.
Nevertheless, multivariable analysis showed no signifi-
cant independent relation between Col and AMSTAR
2 score. Cochrane review status or publication date
could be accountable for the observed effect.

Given the high proportion of SRs on vaccination with
critically low methodological quality in our sample, the
question remains how to deal with these SRs in daily
practice, in particular in situations when resources
or time constraints limit the ability to conduct a new,
more rigorous SR. The median AMSTAR 2 score of
the included SRs in this study was 10, indicating that
62.5% of the 16 items were met. NITAGs, as recom-
mendation-making bodies for immunization policies,
can consider using these SRs despite their limitations.
Available guidance can support NITAGs in the stepwise
selection of SRs based on their methodological quality
[23, 24]. Future research could explore the development
of a guidance for the critical appraisal of SRs based on
their individual AMSTAR 2 items in the decision-mak-
ing process.

This study has two main limitations. First, due to lim-
ited resources, only a proportion of SRs selected by
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B Published before 2017
Published after 2017

8 9 10 11 12 13 14 15 16

AMSTAR 2 item

100%

75%

50%

25%

0%
1 2 3 4 5 6 T

B Non-Cochrane
Cochrane

8 9 10 1 12 13 14 15 16

AMSTAR 2 item
Fig. 3 AMSTAR 2 scores at item level (1-16) given as a percentage of systematic reviews receiving a"yes’, “partial yes’, or ‘no meta-analysis
conducted”in a Reviews published before (n=44) vs. after 2017 (n=76). Groups are significantly different for critical items 2 and 9 and non-critical
item 5 (p<0.05; chi-squared test); and b Cochrane reviews (n=3) vs. non-Cochrane reviews (n=117). Groups are significantly different
for critical items 2 and 7 and non-critical items 10 and 12 (p < 0.05; Fisher's exact test). ltem 1 PICO, item 2 Protocol registration, Item 3 Study
design, ltem 4 Adequacy of literature search strategy, ltem 5 Study selection in duplicate, /tem 6 Study extraction in duplicate, /tem 7 Justification

"

for excluding individual studies, /tem 8 Study characteristics, item 9 Risk of bias assessment, item 10 Funding sources of the included studies, /tem 11
Appropriateness of meta-analytical methods, item 12 Impact of the risk of bias assessment of individual studies, /tem 13 Risk of bias interpretation,
Item 14 Discussion of heterogeneity, ltem 15 Publication bias, Item 16 Management of conflicts of interest. Further information on AMSTAR 2 items

1-16 can be found in Table 1

block-randomization could be analyzed. Since not all
vaccination topics are represented in this sample (e.g., we
do not have SRs on pneumococcal disease or rotavirus
in the sample), the generalizability of our results might
be questioned. Second, we acknowledge that calculating
a summary score is not the recommended method for
assessing methodological quality; however, this intuitive
approach has already been adopted by others [22, 25]
and we deemed it appropriate to use to facilitate descrip-
tive analysis. Overall, this study provides an up-to-date

overview on the methodological quality of vaccination-
related SRs and provides a starting point for improving
SR methodological standards.

Conclusions

Our study found critical methodological shortcomings
in vaccination-related SRs. By addressing limitations,
authors of newly developed SRs can improve the quality
and reliability of evidence synthesis, thereby support-
ing robust decision-making in vaccination policy and
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Table 6 Multivariable linear regression analysis: AMSTAR 2 score
according to characteristics of vaccination-related systematic
reviews (R?=0.26; adjusted R”=0.19)

Characteristics in the model Beta T p-value
Publication year after 20172 -1.730 —2.749 0.008
Number of authors involved in system- ~ —0.121 -0.213 0.832
atic review > 5°
Cochrane review -5.690 -3.217 0.002
Type of included studies
RCTs included 0.010 0012 0.990
NRSIs included —0.335 —0.469 0.641
Single-arm studies included —0424 -0417 0678
Funding by pharmaceutical company 0.862 1.034 0.305
Conflicts of interest 0.548 0.768 0.445

RCTs Randomized-controlled trials, NRSIs Non-randomized studies of
interventions

@ AMSTAR 2 was published first in 2017 [2]
b Median of included authors in review

practice. SRs provide the evidence base for public health
decisions; therefore, ensuring their high methodologi-
cal quality is essential. Future efforts should prioritize
adherence to established methodological standards to
enhance the impact of SRs and to inform evidence-based
decision-making.
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