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Abstract

Concerns over research integrity are rising, with increasing attention to poten-

tial threats from untrustworthy authors. We established a framework to gauge

the potential negative influence of researchers potentially engaged in miscon-

duct. The field of Alzheimer's disease (AD) research has been a focal point of

these worries. This study aims to assess the risk posed by questionable studies

or individuals potentially engaging in fraudulent science in research by exam-

ining citation relationships among papers, taking AD research as an illustra-

tive example. Analysis of citation network structure can elucidate the potential

propagation of misinformation arising at the author level. Our analysis

revealed that there aren't any single authors or papers whose citation connec-

tions jeopardize a major portion of the field's literature. This indicates a low

probability of single entities undermining the majority of works in this area.

However, our findings suggest that attention to the research integrity of the

most influential scientists is warranted. Some scientists can reach a sizable

minority of the literature through citations to their work. Emphasizing over-

sight of the integrity of these authors is crucial, given their influence on the

field. Our study introduces an analytical framework adaptable across various

fields and disciplines to evaluate potential risks from fraudulence.

1 | INTRODUCTION

Scientific publications rely on the practice of citation as a
means to acknowledge and build upon previous research.
Thus, citations in scientific literature are crucial for
acknowledging intellectual contributions and tracing
downstream impact. However, this process depends on
accurate reporting of experimental results by scientists
acting in good faith. Scientists engaging in fraudulent
research practices, such as data fabrication and dredging,
pose risks to the advancement of knowledge in their field.
Fraudulent research may mislead researchers and waste
resources, ultimately slowing down the progress of

science and hindering the development of new knowl-
edge. They may also erode public trust in science. This
can undermine public confidence in science and make
gaining support for scientific research and initiatives
more difficult. Because biomedical research often informs
life-or-death health decisions, fraudulence in this domain
also poses a risk to public health (Marcus, 2018).

One field where research misconduct has received
much attention recently is the Alzheimer's disease
(AD) literature. A recent investigation in Science of a
prominent neuroscientist working in AD research noted
the potential scope of damage done by this alleged
research misconduct (Weiland, 2022). This report,
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entitled “Blots on a field?”, called into question the entire
amyloid hypothesis literature, noting that more than
2300 articles had cited the work in question, which was
published in 2006 (Weiland, 2022). Researchers, clini-
cians, and patients may have been relying on the
reported findings to inform the development of new
treatments or to improve patient care. If the allegation
were proven true, it might have significant negative con-
sequences. It could mean that those efforts were based on
flawed or inaccurate information, and it could set back
progress in the field. Other reports of repeated miscon-
duct findings in neuroscience raise the importance of this
issue (Kozlov, 2023).

Because scientific advances rely heavily on past dis-
coveries, understanding the vulnerability of scientific
knowledge networks to researchers potentially fabricat-
ing results is crucial for assessing the risks posed by
research misconduct. Scientific knowledge networks are
generally thought to conform to a “small-world” network
structure, whereby large components of an information
network can be influenced by a single hub like a well-
cited paper (Bornmann et al., 2015). For this reason, it is
theoretically plausible that a single fraudulent researcher
could indeed cast doubt on a majority of a field of work,
if the latter built upon and cited the author's prior fraud-
ulent work. Addressing this concern requires a high-level
view of the scientific literature, as well as comprehensive
and high-resolution data about authors, articles, and cita-
tions. Until recently, such data were not broadly available
(Hutchins, 2021), but recent advances in data collection,
processing (Hutchins et al., 2016), and open science
(Hutchins, Baker, et al., 2019) have now made such ques-
tions tractable to answer at scale (Hutchins, Davis,
et al., 2019). By analyzing the structure of the scientific
literature and citation networks, it is now possible to
assess the potential reach of individual researchers and
their impact on the field, and therefore, the potential
scope of damage if their work were fraudulent. This anal-
ysis provides insights into the extent to which a single
researcher can cast doubt on a significant portion of a
research field.

In this study, we develop a risk assessment framework
for evaluating the potential reach of individual papers as
well as scientists in a field of research through scientific
knowledge networks. We characterize the AD literature
from a high level. We investigate the potential impact that
individual malicious papers would have on research in a
field based on citation networks. We also analyze the net-
work structure from an author-centric perspective and
determine the reach that individual authors have in the
existing AD knowledge graph through subsequent cita-
tions. We find that most AD authors reach less than 1% of
the literature through citations. Some scientists do reach

over 5% of the literature, but these constitute far less than
1% of authors. Despite the small-world network architec-
ture of citation graphs, we find that there are no author-
level network hubs that can reach the majority of a field of
research through first-order citations. However, attention
to the research integrity of the most productive and influ-
ential scientists is warranted, since some can reach a siz-
able minority of the literature through direct citations to
their work.

2 | RESULTS

2.1 | Overview of the Alzheimer's
research enterprise

The US is estimated to have 6.7 million AD patients as of
2023 (Alzheimer's Association, 2023), imposing massive
economic and societal challenges. Accordingly, the AD
research enterprise has increased substantially in the past
decades (Figure 1). The number of publications on AD
has increased steadily from a small number of papers per
year in the 1980s to several thousand per year by 2020
(Figure 1a). The number of authors contributing to the
AD literature has risen even more sharply (Figure 1a),
consistent with an increased number of authors per paper
in biomedicine (Fortunato et al., 2018). These trends may
accelerate in the future, as projects and funding from the
National Institutes of Health (NIH) for Alzheimer's
research have increased exponentially in recent years
(Figure 1b). Publications lag funding, so the effect of this
increased investment will not be visible until several
years have passed.

Given the increasing fraction of people afflicted by
AD (Paroni et al., 2019) and the increased support from
government funding agencies, the number of papers in
this literature is likely to transition to a super-linear rate
of advance in the coming years. In our analytical sample,
the core Alzheimer's literature consists of 112,720 publi-
cations contributed by 193,077 individual authors, creat-
ing 2,051,603 citation relationships. The publication
quantity by individual authors follows an approximate
power law distribution (Figure 1c), implying that a lim-
ited number of authors dominates the production of
knowledge in Alzheimer's research. Citations to these
papers also seem to center around a small proportion of
papers in the sample (Figure 1d): 10% of AD publications
received 57% (n = 112,720) of AD citations. These find-
ings indicate the potential impact of a small set of prolific
authors and highly cited papers, which leads to further
questions of how papers by those authors, if later found
to be fraudulent, would contaminate the field if deemed
unreliable, compared with other papers and authors.
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2.2 | Risk analysis of individual papers

The AD literature has garnered a significant number of
citations, reaching a total of 4,694,679. Within this cor-
pus, 2,051,603 citations originated from the core AD
research corpus (Methods). Notably, the distribution of
citations to AD papers follows an approximate power law
pattern. Specifically, a mere 10% of the papers accounted
for a substantial 57% of the total citations. This observa-
tion suggests that citations tend to concentrate on a small
group of publications, indicating a potential concentra-
tion of influence (Peng, 2015; Wang, 2014; Wang
et al., 2008). This finding echoes previous research on the
Matthew Effect of citation practices in many disciplines.
Other less-cited papers, if subsequently called into ques-
tion, might contaminate knowledge flow through the
field via their citation network. Therefore, we calculated
the shortest path in the citation network of AD papers to
quantify the reach size of an individual AD paper in the
knowledge network. The average shortest path in the net-
work created by the citation relationship among AD
papers is 4.4 (Figure 2a), suggesting that knowledge from
one AD paper will need to navigate through about 4.4
other papers in order to have citation influence on a

target paper. Specifically, the 2300 citations to the paper
being investigated for potential research misconduct
(Weiland, 2022), although significant in absolute terms,
represent a small 2% (n = 112,720) fraction of all the
literature.

First-order fraudulent knowledge transmission when
one paper builds upon another is not the only potential
problem. Knowledge corruption might propagate to
second-order citations (those citing a paper that cited a
fraudulent paper). Biomedical research articles typically
cite an average of 30 other papers (Hutchins et al., 2016).
However, not all of these citations contribute to signifi-
cant knowledge transfer that impacts the inception,
design, or execution of the primary experiments (Hoppe
et al., 2022; Hoppe et al., 2023; Teplitskiy et al., 2022). In
other words, it is uncertain whether references of refer-
ences, also known as “indirect citations,” more frequently
convey substantial knowledge transfer or if they predomi-
nantly represent a relatively less significant form of rhe-
torical knowledge transfer.

Whether indirect citations can be considered substan-
tive knowledge transfer depends on how researchers tend
to cite previous papers. If researchers commonly cite both
the most recent paper and the antecedent paper as the

FIGURE 1 An overview of the AD research enterprise. (a) Number of publications and associated authors by time. (b) Number of NIH

projects and amount of funding (in US dollars) by time. (c) Distribution of citations by paper; shown in logarithmic scale. (d) Distribution of

the number of papers by author; shown in logarithmic scale.
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original source of knowledge, potential inaccuracies in
knowledge transfer would likely be documented through
both direct and indirect citations, forming a citation tri-
angle (Figure 2b). However, if researchers mainly cite the
most recent article and neglect references to important
antecedent work, we would predominantly observe linear
citation chains.

To gain a better understanding of the impact of indi-
vidual publications, we conducted an analysis of indirect
citations among papers to gain a better understanding of
the potential impact of individual publications. Specifi-
cally, the concept of indirect citation is based on the idea
that when a paper (Paper A) cites the preceding work
(Paper B), which in turn cites another work (Paper C)
that Paper A did not directly cite, paper A provides an
“indirect citation” to paper C. In some cases, Paper A
may also directly cite Paper C. This means that if Paper C
is deemed questionable, it, in principle, could corrupt
Paper A in both scenarios, although this would be
expected to be more likely in a citation culture where
citation triangles are uncommon and predominantly lin-
ear citation chains are the norm. As such, we also
assessed the likelihood of AD papers in our sample citing
both the preceding and antecedent works versus only cit-
ing the immediately preceding work. We found that 35%
of papers only cited immediately preceding work, while
65% cited their immediately preceding work and at least
one antecedent simultaneously, significantly higher than
a randomized network (p < 2.2e-16, n = 2,051,603, Fish-
er's two-sided exact test). This result indicates a norma-
tive culture of citing both the more recent work in the
AD literature as well as important preceding work.

Therefore, indirect citations are less likely to account for
the primary knowledge transfer in a field because ante-
cedent work also appears as a direct citation in the major-
ity of cases.

One concern about citation analysis is whether the
citation in question represents substantive knowledge
transfer. One method of subdividing citations into catego-
ries that have more or less concentrated substantive cita-
tions is to identify the timing of the citation with respect
to the manuscript drafting process. Some papers are first
published as preprints, which contain early-stage cita-
tions that are more likely to represent substantive knowl-
edge transfer that contributed to the inception, design, or
execution of a research study. Survey data show that
authors rate their own references added after peer review
to be less substantive than those that were added at early
stages (Teplitskiy et al., 2022). Further, early citations can
be used as important predictors of known classes of
important citations using machine learning models
(Hoppe et al., 2023). Evidence shows preprints represent
largely complete bodies of work that, although modified
during review, present largely the same evidence bases
throughout the peer review process (Brierley et al., 2022;
Nelson et al., 2022).

To gain insight into what stage this citation corpus
was introduced, we matched citation edges to available
bioRxiv preprints and their final, published versions. A
total of 5250 citations in our corpus contained informa-
tion from both preprint versions as well as their final
published versions. Of these, 4417 (84%) were present at
the early stage of manuscript drafting. This indicates that
the vast majority of citations in our sample are part of a

FIGURE 2 Network properties of AD paper citation relationships. (a) The distribution of the shortest path for papers in the AD paper

citation network. (b) The tendency of authors to acknowledge both recent and antecedent work with citations, which forms a triangular

local network structure (65% of citations). (c) Linear citation chains when authors only cite recent work and ignore antecedent work (35%).

The indirect linkage in this panel from Paper A to Paper C would be considered an “indirect citation.”
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class of citation that has been shown to be comparatively
enriched in substantive knowledge flow.

2.3 | The risk of citing individual
authors

Our citation motif analysis highlights how knowledge
flows through a field, offering insight into its structural
resilience to misinformation. However, citation patterns
are also shaped by individual scholars, whose influence
may reinforce or disrupt these network dynamics. To fur-
ther assess the potential impact of fraudulent research,
we now shift our focus from field-level citation structures
to the citation reach of individual authors, examining
how their contributions shape knowledge dissemination
and the risks associated with their influence.

It is not uncommon for a series of works, rather than
just a single piece, by the same author to come under
scrutiny regarding their validity and reliability. There
have been numerous examples (Kozlov, 2023; Physicist
Found Gulity of Misconduct, 2002; “Physicist found
guilty of misconduct,” 2002) where doubts have been
raised about the credibility of a collection of works by
specific authors. The investigation findings published in
Science (Weiland, 2022) raise an important question:
how vulnerable is this field of AD research to potentially
fraudulent information from individual scientists rather
than papers? In order to gain insights into the potential
impact that individual authors may have on the research
community, we conducted an analysis of their author-
level citation reach. We excluded from this analysis
authors who only published a single first- or last-author
paper in the AD literature or only middle-author papers
since these authors may be ancillary to the field. We
examined the extent to which other researchers cite their
works to assess the potential risk associated with relying
on the research output of these authors.

The papers among the 22,941 authors who published
multiple first- or last-author AD research also show a
highly skewed distribution, similar to the article-level
data (Figure 3), with about 10% of authors contributing
to 51% of the papers in our dataset. Likewise, about 70%
of citations (of n = 2,051,603) go to 10% of authors
(n = 22,941). Therefore, the risk associated with potential
fraudulent activities of a highly productive or highly cited
author would be different from that of a less productive
or less well-cited author.

We next asked to what extent the most productive
and highly cited authors in the field could call into ques-
tion the integrity of later articles that cited and poten-
tially built on that work. The fraction of the AD literature
and the number of citations was highly correlated

(r = 0.84, p < 2.2e-16, Pearson's correlation test,
n = 22,941 authors, Figure 3a). Of the 22,941 authors
who published multiple first-or last-author AD papers,
the average fraction of the literature citing an author was
0.3% (Figure 3b). Less than 1% of these authors were cited
by more than 5% of the literature (Figure 3, n = 112,720).
In the top 150 authors, the average citation reach of their
papers was 7.8% of the literature (n = 112,720). While
these highly cited authors pose a higher risk if they
engage in fraudulent activity, on average, 92% of the liter-
ature (n = 112,720) in the field does not cite their work.
It is important to note that for the literature to be at risk
to this extent, researchers engaging in misconduct would
need to engage in undetected fraudulent activity in all
their papers, and all citations would have to represent
causal knowledge transfer rather than ancillary citations
(Hoppe et al., 2022). This means that our measures con-
stitute an upper bound on the amount of corruption of
the scientific literature that could occur through knowl-
edge transfer documented through citations. Lower fre-
quencies of misconduct or the presence of ancillary
citations (Hoppe et al., 2023) would necessarily reduce
the meaningful citation reach of such work.

To better understand the potential impact of hypo-
thetical author-level misinformation published in the sci-
entific literature, we visualized the citation reach of
randomly selected individual authors cited by approxi-
mately 2% of the AD literature (Figure 4). This is a com-
parable figure to the fraction of the literature citing the
author who was called into question in Science
(Weiland, 2022). The likelihood of this literature being
corrupted by individual authors varies across author
groups, where the most influential authors in terms of
citation impact undoubtedly have the broadest citation
reach. The field appears generally robust against the
potential of fraudulent conduct by the vast majority of
individual authors. Our results suggest the relatively lim-
ited impact of most highly cited authors in the field of
AD research and highlight the importance of a diverse
and robust knowledge base for advancing scientific
understanding. It also raises awareness of the potential
risks associated with fraudulent activity but acknowl-
edges that the majority of the literature is not signifi-
cantly affected by such misconduct.

3 | DISCUSSION AND
CONCLUSIONS

With questions about research integrity on the rise, there
is a growing concern about assessing the risk of malicious
actors in specific research fields (Kozlov, 2023;
Weiland, 2022). In this study, we examined how
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fraudulent research practices in publications and among
authors could affect the broader field of AD research.
Our findings suggest that the risk of individual scientists
jeopardizing the integrity and reliability of the majority
of the literature in this field is low. Specifically, only a
small percentage of pathway citation links, 0.01%
(n = 2,051,603), have a direct citation relationship (short-
est path = 1). Additionally, only a small proportion of
publications in the investigated AD research core corpus
have been retracted or are currently under further inves-
tigation. However, our study highlights the importance of
monitoring the integrity of the most productive authors,
as they can reach a significant portion of the field,
accounting for up to 7.8% of the AD research literature

citations (n = 2,051,603) for the top 150 authors and
around 21% for the most highly cited author in the field.

We also explored the potential impact of indirect cita-
tions, which refer to references-of-references in biomedi-
cal research articles. Our current analysis revealed that a
considerable number of papers cited both the immedi-
ately preceding work and its antecedent, indicating a cul-
ture in AD research of acknowledging important
preceding work. This suggests that indirect citations are
unlikely to transmit problematic information. However,
it is noted that one potential factor influencing the
observed dominance of triadic closure in citation net-
works is the evolving nature of citation behaviors over
time. For example, increasing self-citation rates, shifts in

FIGURE 3 Paper and citation distribution by author. (a) Scatterplot of the fraction of literature citing authors vs. published by authors

(p < 2.2e-16, Pearson's correlation test, n = 22,941 authors). (b) The citation reach of authors, all the top 150 (approximately top 1%).

(c) Paper distribution by author among those with 2+ papers. (d) Citation distribution by author among those with 2+ papers.
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disciplinary citation norms, or changes in journal edito-
rial policies may contribute to variations in the propor-
tion of triadic closures relative to linear citation chains.
While our analysis provides a cross-sectional view of cita-
tion structures in the Alzheimer's AD research literature,
future work could explore whether triadic closure rates

fluctuate over time and whether such variations impact
the robustness of our framework. Although self-citation
can potentially inflate triadic connections, prior studies
suggest that the broader citation network remains largely
shaped by collective disciplinary norms rather than indi-
vidual behaviors (Chu & Suzuki, 2022; Fortunato

FIGURE 4 Examples of citation reach by individual authors. Each node represents an AD paper cluster (Methods). The color of each

node is proportional to the percent of literature in that node that could in principle be contaminated by an individual scientist if they

engaged in research misconduct. (a–c) Citation reach of authors who collectively reach about 2% of the literature, comparable to the

example cited in the Science investigation. (d) Citation reach of the most highly cited author in this literature. (e, f) Citation reach of

randomly selected authors from the top 250 (�1%) of citations in this literature.
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et al., 2018). Nonetheless, accounting for longitudinal
shifts in citation patterns could further refine the applica-
bility of citation motifs as indicators of knowledge trans-
mission and structural vulnerability to misinformation,
and thus warrants further investigation.

The AD study in question has unquestionably been
influential. Yet, the amyloid hypothesis, a cornerstone of
AD research, traces its origins back to a pivotal study in
the 1980s (Glenner & Wong, 1984), which isolated and
sequenced the amyloid beta peptide from brain plaques
in AD patients. This hypothesis posits that accumulations
of amyloid beta protein in brain plaques contribute to
neurotoxicity and downstream patient cognitive decline.
Subsequent papers (Beyreuther & Masters, 1991;
Hardy & Allsop, 1991; Hardy & Higgins, 1992;
Selkoe, 1991) further solidified this hypothesis as a plau-
sible mechanism for contributing to AD. This suggests
that amyloid deposition may play a central role in the eti-
ology of AD. The hypothesis has greatly influenced the
understanding and exploration of AD and has contrib-
uted to recent amyloid beta clearing drugs to treat the
disease.

Although the amyloid hypothesis has been disputed,
proponents have emphasized evidence from human
genetic studies supporting the role of the ABeta peptide
in AD (Selkoe, 1991; Selkoe & Cummings, 2022; Selkoe &
Hardy, 2016). Early evidence from patients with Down's
Syndrome who normally harbor an extra copy of the
Amyloid Precursor Protein (APP), suggested that they
may suffer from AD symptoms because of its overexpres-
sion. Subsequent work showed that Down's Syndrome
patients who do not harbor an extra copy may not experi-
ence AD symptoms (Prasher et al., 1998). Duplication of
the APP gene outside Down's Syndrome appears to be
associated with autosomal dominant early-onset AD
(Rovelet-Lecrux et al., 2006). A mutation (A673T) in the
APP gene that decreases the production of a form of
ABeta peptides thought to drive AD seems to be protec-
tive against AD symptoms (Jonsson et al., 2012). Compet-
ing hypotheses posit the involvement of the protein Tau
as the primary driver of AD (Brier et al., 2016). Impor-
tantly for this study, a comparatively small fraction of the
body of AD work seems to draw upon the finding called
into question by the Science investigation
(Weiland, 2022), which reported a potentially important
oligomeric form of ABeta that appears at 56 kDa on a
Western blot. Whether one is more persuaded by the evi-
dence about ABeta or Tau, the predictive power of the
amyloid hypothesis as a whole does not seem to depend
on the presence or absence of a 56 kDa band.

The recent investigation raises broader questions
about the vulnerability of the field to researchers who
might intentionally publish incorrect information in the

literature. Given the accumulated influence the amyloid
hypothesis commanded prior to 2006, it is not plausible
that the possible invalidation of a subsequently published
study could call into question the prior body of work.
Notably, a seminal review of the amyloid hypothesis after
25 years (Selkoe & Hardy, 2016) did not cite the paper
reported on in Science. Drugs based on this hypothesis
have had mixed and highly controversial records to date
(Kepp et al., 2023). Despite that fact, amyloid plaque-
clearing drugs have recently been authorized by the
United States Food and Drug Administration (FDA) to
treat AD (Reiss et al., 2023). Although the amyloid
hypothesis is the most prominent in the Alzheimer's liter-
ature, it drives only 16% of AD drug development
(Selkoe & Cummings, 2022; Selkoe & Hardy, 2016).

One critical property of science is that, in the long
run, it is self-correcting. This means that scientific knowl-
edge is always subject to revision and refinement based
on new evidence, and any errors or inaccuracies can be
corrected through further investigation and testing. In
fact, the scientific method itself is designed to ensure that
hypotheses are continually tested and refined, with new
observations and data being used to challenge and mod-
ify existing theories. When it comes to unreliable or
flawed published research, these self-correcting mecha-
nisms work by either drawing attention to suspicious
research outcomes from the citable literature, a process
known as retraction, or by systematically ignoring irre-
producible research. Retracting flawed research helps
limit future citations to the literature (Azoulay
et al., 2015). However, retraction cannot completely offset
the negative impact of questionable research (Hsiao &
Schneider, 2021). Preventing suspicious research from
being published is valuable. It is, therefore, crucial that
the scientific community continues to uphold high stan-
dards of research integrity and transparency to minimize
the occurrence of retracted papers (Schneider
et al., 2022). Therefore, it is vital for researchers to be vig-
ilant in their citation practices and to carefully evaluate
the quality and reliability of the articles in their research.

Our study provides quantitative insights into the
potential risks of fraudulent research practices in the field
of AD research. While the risk of individual scientists jeop-
ardizing the integrity and reliability of the majority of the
literature in this field is generally low, certain aspects,
such as highly cited papers and authors, warrant attention.
By maintaining high standards of research integrity and
transparency, the scientific community can minimize the
impact of unreliable or flawed research and ensure the
advancement of knowledge in the field of AD research.

It is noted that while our study focuses on the impact
of fraudulent research within the field of Alzheimer's dis-
ease (AD), concerns about research integrity extend more
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broadly to the aging research community. Reports of sys-
tematic fraud, paper mills, and citation manipulation in
aging research, as well as the repeated inclusion of certain
journals on integrity watchlists, suggest that the field may
be particularly vulnerable to these risks. Discussions at the
World Conference on Research Integrity 2024 highlighted
unpublished findings related to misconduct in aging
research, underscoring the need for vigilance in assessing
the credibility of published work. A critical question that
arises is whether experts within a field can recognize low-
quality or potentially fraudulent research ahead of formal
retractions. While some problematic studies attract skepti-
cism early on (e.g., Bhattacharjee, 2013; Shen, 2020),
research has shown that retracted papers often continue to
be cited (Hsiao & Schneider, 2021; Schmidt, 2024; Teixeira
da Silva & Bornemann-Cimenti, 2017), suggesting that
awareness of misconduct does not always diffuse uni-
formly across the scholarly community. Additionally, his-
torical and philosophical perspectives on scientific
progress offer a more nuanced lens through which to view
research integrity. Thomas Kuhn, for example, hypothe-
sized that during periods of paradigm stagnation, scientific
fields may develop a degree of tolerance for questionable
research if it allows for progress toward new theoretical
frameworks (Kuhn, 1997). A historical case of this phe-
nomenon can be seen in Antoine Lavoisier's experimental
data adjustments, which—while scientifically
misleading—played a role in shaping modern stoichiome-
try. While such instances are notable, in contemporary sci-
entific practice, transparency, methodological rigor, and
proactive fraud detection remain essential to ensuring the
reliability of knowledge accumulation, particularly in
high-stakes disciplines like biomedical and aging research.

Finally, the framework of analysis employed in this
study is suitable for assessing the potential risks of
untrustworthy publications or individual malicious
actors' conduct on knowledge production and science
advance, regardless of whether they are intentional or
unintentional. Assessing the risk of problematic research
and malicious actors in science is complex and challeng-
ing. We evaluated the potential risks of questionable
research by analyzing the likelihood of individual suspi-
cious papers and researchers contaminating the commu-
nity through citation relationships. While citation
network analysis and author profiling form the methodo-
logical foundation of this study, the primary contribution
lies in their application to assess risks posed by fraudu-
lent research. This study introduces a novel framework to
evaluate the structural vulnerabilities of scientific fields
to unreliable research, providing insights into how misin-
formation may propagate through citation networks. By
focusing on the downstream consequences of a single
fraudulent paper or actor, our analysis goes beyond

traditional citation mapping to address critical questions
about the resilience of scientific knowledge systems.

4 | LIMITATIONS AND FUTURE
RESEARCH

This study offers valuable insights into the risks posed by
fraudulent research through citation network analysis
within Alzheimer's research. Nevertheless, several limita-
tions should be acknowledged. Firstly, the analysis is
confined explicitly to citation relationships within the
Alzheimer's research community, limiting broader gener-
alizability. Furthermore, the study does not address how
coordinated or independent fraudulent activities by mul-
tiple authors might influence knowledge transmission
across scientific communities, an important consider-
ation given widespread scientific collaboration. Future
research may benefit from examining this dimension
more thoroughly.

Additionally, while our framework evaluates struc-
tural risks from fraudulent research within citation net-
works, it does not account for varying citation functions.
Citations serve diverse purposes, not all reflecting mean-
ingful intellectual reliance, and some may even offer neg-
ative evaluations of the cited content. Future research
incorporating citation context analyses—such as senti-
ment or intent classifications—would provide greater
granularity, distinguishing cases of substantial intellec-
tual influence from minimal or superficial references.

Finally, the observed citation motifs in this study
might be influenced by temporal trends or shifts in cita-
tion behaviors over time (such as self-citation), factors
not explicitly analyzed here. Such temporal variations
could alter the proportions of triadic closures versus lin-
ear chains within the network. Exploring these dynamics
in future studies would yield deeper insights into the
evolving structures of citation networks.

Despite these limitations, the study provides a critical
foundation for understanding the structural risks posed
by fraudulent research. By addressing these open ques-
tions in future research, we can enhance the robustness
of citation-based assessments and develop more effective
strategies to mitigate the impact of fraudulent contribu-
tions within scientific literature.

5 | DATA AND METHODS

5.1 | Data sources

We relied on multiple data sources for this study, includ-
ing PubMed and Open Citation Collection. To generate a
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knowledge network of AD research, we began with the
National Library of Medicine's Medical Subject Heading
codes (Medical Subject Headings, 2022). These are
assigned by expert curators to papers indexed in PubMed.
We augmented these with the small number of papers
mentioning AD in the title or abstract but that were not
tagged with this code (<5% of the total). To analyze the
citation network structure of this literature, we used
the National Institutes of Health's Open Citation Collec-
tion (Hutchins, Baker, et al., 2019; iCite et al., 2019).
Finally, we downloaded author publication profiles from
the PubMed Knowledge Graph (Xu et al., 2020).

5.2 | Data and processing

To identify the corpus of AD research, we queried
PubMed via its API in August 2022. We used the query
“Alzheimer Disease[mh] OR Alzheimer” to capture
papers that have either been tagged with the AD Medical
Subject Heading keyword by curators at the National
Library of Medicine or that mention the disease promi-
nently in the article title. Based on these PubMed Identi-
fiers (PMIDs), we cross-referenced this set of articles with
citation metadata from the NIH iCite database, including
the NIH Open Citation Collection citation graph
(Hutchins, 2021; Hutchins et al., 2016; Hutchins, Baker,
et al., 2019; Hutchins, Davis, et al., 2019; iCite
et al., 2019). To incorporate author-level data, we
matched article identifiers to the disambiguated author
profiles found in the PubMed Knowledge Graph (Xu
et al., 2020). Measurements were taken from distinct
samples of citations, papers, or authors, where appropri-
ate for the analysis.

5.3 | Author filtering

After generating summary statistics of the entire dataset,
we focused our analysis on authors who had published at
least one first- or last-author paper at some point in their
career. This is because these two authorship positions in
biomedical research often signal a prominent role in the
given research study. Authors who had only published
middle-author papers were excluded, yielding 75,730
who had published at least one first- or last-author AD
paper in their career. Most of these authors, however,
published only one first- or last-author AD paper in their
career, calling into question whether they were focused
on AD per se or published a single paper ancillary to
their career. Therefore, we focused on the authors who
published at least two first- or last-author AD papers,
yielding 22,941 AD researchers.

5.4 | Clustering and citation path
calculations

Visualizing large citation graphs is challenging, so to
facilitate visualization of the reach of individual authors,
we generated clusters of papers. We used the Leiden clus-
tering algorithm (Traag et al., 2019). Such clustering
approaches yield semantically related groups of publica-
tions (Klavans et al., 2020; Rahkovsky et al., 2021). The
cluster area indicates the number of papers, and shading
indicates the fraction of papers within a cluster that cited
a given author. For our path length analysis, we used the
igraph R package (Csardi & Nepusz, 2006).

ACKNOWLEDGMENTS
This paper was funded in part by the Department of
Defense (W911NF2210294).

DATA AVAILABILITY STATEMENT
Data that needed to evaluate the conclusions of the paper
are available at Figshare: https://figshare.com/s/
31f7eaf38f888f94d11a. Code used to generate the conclu-
sions is available in GitHub: https://github.com/
HutchinsLab/AD_risk_analysis.

ORCID
Chaoqun Ni https://orcid.org/0000-0002-4130-7602
B. Ian Hutchins https://orcid.org/0000-0001-7657-552X

REFERENCES
Alzheimer's Association. (2023). 2023 Alzheimer's disease facts and

figures. https://www.alz.org/media/Documents/alzheimers-
facts-and-figures.pdf

Azoulay, P., Furman, J. L., & Murray, F. (2015). Retractions. Review
of Economics and Statistics, 97(5), 1118–1136.

Beyreuther, K., & Masters, C. L. (1991). Amyloid precursor protein
(APP) and beta A4 amyloid in the etiology of Alzheimer's dis-
ease: Precursor–product relationships in the derangement of
neuronal function. Brain Pathology, 1(4), 241–251. https://doi.
org/10.1111/j.1750-3639.1991.tb00667.x

Bhattacharjee, Y. (2013). The mind of a con man. New York Times.
https://www.nytimes.com/2013/04/28/magazine/diederik-
stapels-audacious-academic-fraud.html

Bornmann, L., Ebadi, A., & Schiffauerova, A. (2015). On the relation
between the small world structure and scientific activities. PLoS
One, 10(3), e0121129. https://doi.org/10.1371/journal.pone.0121129

Brier, M. R., Gordon, B., Friedrichsen, K., McCarthy, J., Stern, A.,
Christensen, J., Owen, C., Aldea, P., Su, Y., Hassenstab, J.,
Cairns, N. J., Holtzman, D. M., Fagan, A. M., Morris, J. C.,
Benzinger, T. L. S., & Ances, B. M. (2016). Tau and Aβ imaging,
CSF measures, and cognition in Alzheimer's disease. Science
Translational Medicine, 8(338), 338ra66. https://doi.org/10.
1126/scitranslmed.aaf2362

Brierley, L., Nanni, F., Polka, J. K., Dey, G., P�alfy, M., Fraser, N., &
Coates, J. A. (2022). Tracking changes between preprint posting

10 NI and HUTCHINS

 23301643, 0, D
ow

nloaded from
 https://asistdl.onlinelibrary.w

iley.com
/doi/10.1002/asi.25009 by U

niversity O
f W

isconsin - M
adison, W

iley O
nline L

ibrary on [05/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://figshare.com/s/31f7eaf38f888f94d11a
https://figshare.com/s/31f7eaf38f888f94d11a
https://github.com/HutchinsLab/AD_risk_analysis
https://github.com/HutchinsLab/AD_risk_analysis
https://orcid.org/0000-0002-4130-7602
https://orcid.org/0000-0002-4130-7602
https://orcid.org/0000-0001-7657-552X
https://orcid.org/0000-0001-7657-552X
https://www.alz.org/media/Documents/alzheimers-facts-and-figures.pdf
https://www.alz.org/media/Documents/alzheimers-facts-and-figures.pdf
https://doi.org/10.1111/j.1750-3639.1991.tb00667.x
https://doi.org/10.1111/j.1750-3639.1991.tb00667.x
https://www.nytimes.com/2013/04/28/magazine/diederik-stapels-audacious-academic-fraud.html
https://www.nytimes.com/2013/04/28/magazine/diederik-stapels-audacious-academic-fraud.html
https://doi.org/10.1371/journal.pone.0121129
https://doi.org/10.1126/scitranslmed.aaf2362
https://doi.org/10.1126/scitranslmed.aaf2362


and journal publication during a pandemic. PLoS Biology,
20(2), e3001285.

Chu, M. B., & Suzuki, Y. (2022). Discipline size mediates citation
flow. SN Social Sciences, 2(8), 149.

Csardi, G., & Nepusz, T. (2006). The igraph software. Complex Sys-
tems, 1695, 1–9.

Fortunato, S., Bergstrom, C. T., Börner, K., Evans, J. A.,
Helbing, D., Milojevi�c, S., Petersen, A. M., Radicchi, F.,
Sinatra, R., & Uzzi, B. (2018). Science of science. Science,
359(6379), eaao0185. https://doi.org/10.1126/science.aao0185

Glenner, G. G., & Wong, C. W. (1984). Alzheimer's disease: Initial
report of the purification and characterization of a novel cere-
brovascular amyloid protein. Biochemical and Biophysical
Research Communications, 120(3), 885–890. https://doi.org/10.
1016/s0006-291x(84)80190-4

Hardy, J., & Allsop, D. (1991). Amyloid deposition as the central
event in the aetiology of Alzheimer's disease. Trends in Phar-
macological Sciences, 12(10), 383–388. https://doi.org/10.1016/
0165-6147(91)90609-v

Hardy, J. A., & Higgins, G. A. (1992). Alzheimer's disease: The amy-
loid cascade hypothesis. Science, 256(5054), 184–185. https://
doi.org/10.1126/science.1566067

Hoppe, T. A., Arabi, S., & Hutchins, B. I. (2022). Robustness of evi-
dence reported in preprints during peer review. The Lancet
Global Health, 10(11), E1684–E1687. https://doi.org/10.1073/
pnas.2213697120

Hoppe, T. A., Arabi, S., & Hutchins, B. I. (2023). Predicting substan-
tive biomedical citations without full text. Proceedings of the
National Academy of Sciences, 120(30), e2213697120. https://
doi.org/10.1073/pnas.2213697120

Hsiao, T.-K., & Schneider, J. (2021). Continued use of retracted
papers: Temporal trends in citations and (lack of) awareness of
retractions shown in citation contexts in biomedicine. Quanti-
tative Science Studies, 2(4), 1144–1169.

Hutchins, B. I. (2021). A tipping point for open citation data. Quan-
titative Science Studies, 2(2), 433–437. https://doi.org/10.1162/
qss_c_00138

Hutchins, B. I., Baker, K. L., Davis, M. T., Diwersy, M. A.,
Haque, E., Harriman, R. M., Hoppe, T. A., Leicht, S. A.,
Meyer, P., & Santangelo, G. M. (2019). The NIH open citation
collection: A public access, broad coverage resource. PLoS Biol-
ogy, 17(10), e3000385. https://doi.org/10.1371/journal.pbio.
3000385

Hutchins, B. I., Davis, M. T., Meseroll, R. A., & Santangelo, G. M.
(2019). Predicting translational progress in biomedical research.
PLoS Biology, 17(10), e3000416. https://doi.org/10.1371/journal.
pbio.3000416

Hutchins, B. I., Kotan, L. D., Taylor-Burds, C., Ozkan, Y.,
Cheng, P. J., Gurbuz, F., Tiong, J. D., Mengen, E., Yuksel, B.,
Topaloglu, A. K., & Wray, S. (2016). CCDC141 mutation identi-
fied in anosmic hypogonadotropic hypogonadism (Kallmann
syndrome) alters GnRH neuronal migration. Endocrinology,
157(5), 1956–1966. https://doi.org/10.1210/en.2015-1846

iCite, Hutchins, B. I., & Santangelo, G. M. (2019). iCite Database
Snapshots (NIH Open Citation Collection). https://doi.org/10.
35092/yhjc.c.4586573

Jonsson, T., Atwal, J. K., Steinberg, S., Snaedal, J., Jonsson, P. V.,
Bjornsson, S., Stefansson, H., Sulem, P., Gudbjartsson, D.,

Maloney, J., Hoyte, K., Gustafson, A., Liu, Y., Lu, Y.,
Bhangale, T., Graham, R. R., Huttenlocher, J., Bjornsdottir, G.,
Andreassen, O. A., … Stefansson, K. (2012). A mutation in APP
protects against Alzheimer's disease and age-related cognitive
decline. Nature, 488(7409), 96–99. https://doi.org/10.1038/
nature11283

Kepp, K. P., Robakis, N. K., Høilund-Carlsen, P. F., Sensi, S. L., &
Vissel, B. (2023). The amyloid cascade hypothesis: An updated
critical review. Brain, 146, 3969–3990. https://doi.org/10.1093/
brain/awad159

Klavans, R., Boyack, K. W., & Murdick, D. A. (2020). A novel
approach to predicting exceptional growth in research. PLoS
One, 15(9), e0239177. https://doi.org/10.1371/journal.pone.
0239177

Kozlov, M. (2023). What the Stanford president's resignation can
teach lab leaders. Nature. https://doi.org/10.1038/d41586-023-
02438-3

Kuhn, T. S. (1997). The structure of scientific revolutions (Vol. 962).
University of Chicago Press.

Marcus, A. (2018). A scientist's fraudulent studies put patients at
risk. Science, 362(6413), 394. https://doi.org/10.1126/science.
362.6413.394-a

Medical Subject Headings. (2022). Medical Subject Headings.
https://www.nlm.nih.gov/mesh/meshhome.html

Nelson, L., Ye, H., Schwenn, A., Lee, S., Arabi, S., & Hutchins, B. I.
(2022). Robustness of evidence reported in preprints during
peer review. The Lancet Global Health, 10(11), e1684–e1687.

Paroni, G., Bisceglia, P., & Seripa, D. (2019). Understanding the
amyloid hypothesis in Alzheimer's disease. Journal of Alzhei-
mer's Disease, 68(2), 493–510. https://doi.org/10.3233/JAD-
180802

Peng, T.-Q. (2015). Assortative mixing, preferential attachment, and
triadic closure: A longitudinal study of tie-generative mecha-
nisms in journal citation networks. Journal of Informetrics,
9(2), 250–262.

Prasher, V. P., Farrer, M. J., Kessling, A. M., Fisher, E. M.,
West, R. J., Barber, P. C., & Butler, A. C. (1998). Molecular
mapping of Alzheimer-type dementia in Down's syndrome.
Annals of Neurology, 43(3), 380–383. https://doi.org/10.1002/
ana.410430316

Physicist Found Guilty of Misconduct. Nature, Sept. 2002. Crossref,
https://doi.org/10.1038/news020923-9.

Rahkovsky, I., Toney, A., Boyack, K. W., Klavans, R., &
Murdick, D. A. (2021). AI research funding portfolios and
extreme growth. Frontiers in Research Metrics and Analytics, 6,
630124. https://doi.org/10.3389/frma.2021.630124

Reiss, A. B., Muhieddine, D., Jacob, B., Mesbah, M., Pinkhasov, A.,
Gomolin, I. H., Stecker, M. M., Wisniewski, T., & De Leon, J.
(2023). Alzheimer's disease treatment: The search for a break-
through. Medicina (Kaunas, Lithuania), 59(6), 1084. https://doi.
org/10.3390/medicina59061084

Rovelet-Lecrux, A., Hannequin, D., Raux, G., Le Meur, N.,
Laquerriere, A., Vital, A., Dumanchin, C., Feuillette, S.,
Brice, A., Vercelletto, M., Dubas, F., Frebourg, T., &
Campion, D. (2006). APP locus duplication causes autosomal
dominant early-onset Alzheimer disease with cerebral amyloid
angiopathy. Nature Genetics, 38(1), 24–26. https://doi.org/10.
1038/ng1718

NI and HUTCHINS 11

 23301643, 0, D
ow

nloaded from
 https://asistdl.onlinelibrary.w

iley.com
/doi/10.1002/asi.25009 by U

niversity O
f W

isconsin - M
adison, W

iley O
nline L

ibrary on [05/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1126/science.aao0185
https://doi.org/10.1016/s0006-291x(84)80190-4
https://doi.org/10.1016/s0006-291x(84)80190-4
https://doi.org/10.1016/0165-6147(91)90609-v
https://doi.org/10.1016/0165-6147(91)90609-v
https://doi.org/10.1126/science.1566067
https://doi.org/10.1126/science.1566067
https://doi.org/10.1073/pnas.2213697120
https://doi.org/10.1073/pnas.2213697120
https://doi.org/10.1073/pnas.2213697120
https://doi.org/10.1073/pnas.2213697120
https://doi.org/10.1162/qss_c_00138
https://doi.org/10.1162/qss_c_00138
https://doi.org/10.1371/journal.pbio.3000385
https://doi.org/10.1371/journal.pbio.3000385
https://doi.org/10.1371/journal.pbio.3000416
https://doi.org/10.1371/journal.pbio.3000416
https://doi.org/10.1210/en.2015-1846
https://doi.org/10.35092/yhjc.c.4586573
https://doi.org/10.35092/yhjc.c.4586573
https://doi.org/10.1038/nature11283
https://doi.org/10.1038/nature11283
https://doi.org/10.1093/brain/awad159
https://doi.org/10.1093/brain/awad159
https://doi.org/10.1371/journal.pone.0239177
https://doi.org/10.1371/journal.pone.0239177
https://doi.org/10.1038/d41586-023-02438-3
https://doi.org/10.1038/d41586-023-02438-3
https://doi.org/10.1126/science.362.6413.394-a
https://doi.org/10.1126/science.362.6413.394-a
https://www.nlm.nih.gov/mesh/meshhome.html
https://doi.org/10.3233/JAD-180802
https://doi.org/10.3233/JAD-180802
https://doi.org/10.1002/ana.410430316
https://doi.org/10.1002/ana.410430316
https://doi.org/10.1038/news020923-9
https://doi.org/10.3389/frma.2021.630124
https://doi.org/10.3390/medicina59061084
https://doi.org/10.3390/medicina59061084
https://doi.org/10.1038/ng1718
https://doi.org/10.1038/ng1718


Schmidt, M. (2024). Why do some retracted articles continue to get
cited? Scientometrics, 129, 7535–7563.

Schneider, J., Woods, N. D., Proescholdt, R., Burns, H., Howell, K.,
Campbell, M. T., Hsiao, T.-K., Yip, Y. Y. V., Fu, Y., &
Arianlou, Y. (2022). Reducing the inadvertent spread of
retracted science: Recommendations from the RISRS report.
Research Integrity and Peer Review, 7(1), 6. https://doi.org/10.
1186/s41073-022-00125-x

Selkoe, D., & Cummings, J. (2022). News story miscasts Alzheimer's
science. Science, 377(6609), 934–935. https://doi.org/10.1126/
science.ade1872

Selkoe, D. J. (1991). The molecular pathology of Alzheimer's dis-
ease. Neuron, 6(4), 487–498. https://doi.org/10.1016/0896-6273
(91)90052-2

Selkoe, D. J., & Hardy, J. (2016). The amyloid hypothesis of Alzhei-
mer's disease at 25 years. EMBO Molecular Medicine, 8(6), 595–
608. https://doi.org/10.15252/emmm.201606210

Shen, H. (2020). Meet this super-spotter of duplicated images in sci-
ence papers. Nature, 581, 132–136. https://doi.org/10.1038/
d41586-020-01363-z

Teixeira da Silva, J. A., & Bornemann-Cimenti, H. (2017). Why do
some retracted papers continue to be cited? Scientometrics, 110,
365–370.

Teplitskiy, M., Duede, E., Menietti, M., & Lakhani, K. R. (2022).
How status of research papers affects the way they are read and
cited. Research Policy, 51(4), 104484.

Traag, V. A., Waltman, L., & van Eck, N. J. (2019). From Louvain
to Leiden: Guaranteeing well-connected communities. Scientific
Reports, 9(1), 5233. https://doi.org/10.1038/s41598-019-41695-z

Wang, J. (2014). Unpacking the Matthew effect in citations. Journal
of Informetrics, 8(2), 329–339.

Wang, M., Yu, G., & Yu, D. (2008). Measuring the preferential
attachment mechanism in citation networks. Physica A: Statisti-
cal Mechanics and its Applications, 387(18), 4692–4698.

Weiland, M. (2022). Blots on a field? Science, 377(6604), 358–363.
https://doi.org/10.1126/science.ade0209

Xu, J., Kim, S., Song, M., Jeong, M., Kim, D., Kang, J.,
Rousseau, J. F., Li, X., Xu, W., Torvik, V. I., Bu, Y., Chen, C.,
Ebeid, I. A., Li, D., & Ding, Y. (2020). Building a PubMed
knowledge graph. Scientific Data, 7(1), 205. https://doi.org/10.
1038/s41597-020-0543-2

How to cite this article: Ni, C., & Hutchins, B. I.
(2025). Framework for assessing the risk to a field
from fraudulent researchers: A case study of
Alzheimer's disease. Journal of the Association for
Information Science and Technology, 1–12. https://
doi.org/10.1002/asi.25009

12 NI and HUTCHINS

 23301643, 0, D
ow

nloaded from
 https://asistdl.onlinelibrary.w

iley.com
/doi/10.1002/asi.25009 by U

niversity O
f W

isconsin - M
adison, W

iley O
nline L

ibrary on [05/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1186/s41073-022-00125-x
https://doi.org/10.1186/s41073-022-00125-x
https://doi.org/10.1126/science.ade1872
https://doi.org/10.1126/science.ade1872
https://doi.org/10.1016/0896-6273(91)90052-2
https://doi.org/10.1016/0896-6273(91)90052-2
https://doi.org/10.15252/emmm.201606210
https://doi.org/10.1038/d41586-020-01363-z
https://doi.org/10.1038/d41586-020-01363-z
https://doi.org/10.1038/s41598-019-41695-z
https://doi.org/10.1126/science.ade0209
https://doi.org/10.1038/s41597-020-0543-2
https://doi.org/10.1038/s41597-020-0543-2
https://doi.org/10.1002/asi.25009
https://doi.org/10.1002/asi.25009

	Framework for assessing the risk to a field from fraudulent researchers: A case study of Alzheimer's disease
	Abstract
	1  |  INTRODUCTION
	2  |  RESULTS
	2.1  |  Overview of the Alzheimer's research enterprise
	2.2  |  Risk analysis of individual papers
	2.3  |  The risk of citing individual authors

	3  |  DISCUSSION AND CONCLUSIONS
	4  |  LIMITATIONS AND FUTURE RESEARCH
	5  |  DATA AND METHODS
	5.1  |  Data sources
	5.2  |  Data and processing
	5.3  |  Author filtering
	5.4  |  Clustering and citation path calculations

	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


