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Abstract

The progress, reproducibility, and validity of life sciences research depend on maintaining robust
data integrity. The complete need for truthful and transparent data practices highlights the severe
implications of data fabrication and falsification, including inaccurate research findings, misguided
policy decisions, and reputational damage. Retraction data, statistics and case studies show a marked
increase in research misconduct, which now accounts for over 60% of the biomedical sciences
retractions, with significant impacts on scientific advancement, resource utilization, and public trust.
Strengthening research integrity through improved editorial oversight, post-publication review
systems, and further measures is discussed. Data integrity is not just an ethical necessity; it is essential
for ensuring reliable research outcomes and preventing the dissemination of misinformation.
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1. Introduction

Researchers can produce or falsify data to have the necessary significance so that grants or
money are provided for them, which is the foundation of research continuity [1]. The integrity of data
in the life sciences is not merely a principle; it's the basis of credible findings, their translations into
healthcare innovation, and public trust, touching every step from revolutionary discoveries to the
effectiveness and safety of treatments [2]. The contamination stain of datasets, experimental data, or
reported results—from unpremeditated errors to deliberate deceit—can infect all subsequent
research, leading to false, extraneous, or even harmful conclusions that can mislead practitioners and
endanger the public [3]. The covert activities of data falsification, image manipulation, falsification,
and selective reporting erode the foundation of science, jeopardizing public health, distorting
funding priorities, and compromising the legitimacy of regulatory decision-making. The chilling
effect on trust is evident [4].

2. Why Data Integrity is Crucial in Life Science Research

In life science, research is inherently cumulative —new knowledge is built upon prior
hypotheses, experiments, and observations [5]. When underlying data are honest, reproducible, and
transparent, other scientists can verify results through rigorous testing, replicate protocols precisely,
and derive new insights from previous work [6]. In contrast, falsified or corrupted data waste
resources, lead research astray, and can risk harmful interventions—a ripple effect of scientific
dishonesty [7]. For example, a high-profile study investigating hydroxychloroquine's effect on
COVID-19 was later retracted due to concerns over data integrity and methodology [8]. However,
prior to retraction, this study significantly influenced treatment recommendations, prescriptions, and
public opinion, demonstrating the real-world dangers of dubious data. Furthermore, deceptive or
fabricated research erodes public confidence [9]. Long-term vaccine hesitancy can be partly explained
by the now-withdrawn Wakefield paper that falsely associated the MMR vaccine and autism [10].
False data can harm public health even after correction, as misinformation often persists [11]. The
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integrity of the scientific process is thus fundamental to the trust between the scientific community
and society [12].

3. Reasons Beyond Data Manipulation

3.1. The Demand for Obtaining Grants

Scientific misconduct stems not only from the deliberate manipulating data but also from
immense pressure to secure research. This environment can distort priorities and compromise ethical
standards [13]. Grant success is critical to career advancement and continued support for research
laboratories, fostering a highly competitive—and occasionally unethical —environment. Such stress
may drive scientists to prioritize positive or novel results, sometimes at the expense of meticulous
and reproducible research [14]. This stress can lead researchers to publish positive or groundbreaking
results, a way to an end in terms of securing grants, rather than the often less exciting, but necessary,
work of meticulous and reproducible science [15]. With dwindling grant success rates, researchers
face intense pressure to secure funding, leading to a rise in the temptation to embellish results or
selectively present data, ultimately jeopardizing the reliability of scientific research [16].

3.2. Technical Barriers for Getting Desired Outcomes

Research is often resisted by technical hurdles: inadequate experimental models, difficulties in
replicating results, and the limitations of instruments with poor sensitivity can all prevent researchers
from obtaining the data they expect [6]. Such challenges may halt progress, produce inconclusive
results, or create conflicting results, hence causing frustration and pressure to come up with
publishable outcomes [17]. Researchers may be tempted to compromise research integrity or
selectively report results, particularly when facing constraints of time, funding, or career progression.
These difficulties can be resolved through transparency, a robust methodology, and institutional
backing of studies with negative or null findings [18].

3.3. Lack of Real Scientific Experience

Research errors and misconduct may arise significantly from a lack of scientific expertise, such
as the lack of understanding of experimental design, statistical analysis, and underlying biological
processes, which may lead to methodological flaws and erroneous interpretations [19]. This
incompetence can lead to the unintentional production of unreliable data and a failure to identify
inconsistencies, thus raising the risk of substandard scientific practices [20]. This underscores the
necessity of comprehensive governmental, non-biased training, mentorship, inspections and ongoing
professional development to guarantee competent and ethical research practices [21]. As an example,
thousands of researchers and scientists are working on cancer immunotherapies and vaccines
without studying the fundamentals of immunology and immune balancing matrices, which is a very
complicated mechanism. This leads to inaccurate experimental design or analysis or incorrect results
interpretations [22,23].

3.4. Insufficient Governmental Inspection and Surveillance

Insufficient governmental inspection and monitoring of research activities can lead to
accountability gaps and unchecked unethical practices [24]. A lack of consistent monitoring may
reduce institutional commitment to stringent research integrity standards, thereby increasing the
likelihood that misconduct remains unaddressed [25]. Poor regulation can cultivate an environment
of complacency, thereby making falsification and manipulation of data more probable. Greater
governmental regulation plays a very critical role in ensuring transparency, public trust, and
scientific integrity [26].
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3.5. Absence of Database to Upload All Data to the Public

Scientific transparency and accountability are hampered by the absence of a mandatory,
centralized public database for the dissemination of raw research data [27]. The inaccessibility of data
presents a significant challenge to peer review, reproducibility, and the identification of research
misconduct. Such secrecy may conceal mistakes or falsification and therefore undermine trust in
published results. Public data repositories would enhance scientific validity, cooperation, and
reproducibility of studies [28,29].

3.6. Absence of Morals and True Scientific Interest

Ignoring moral responsibility and true scientific interest can make scientists prioritize personal
interest over finding the truth [30]. Dishonest practices, such as data manipulation and plagiarism,
may arise when ethical values are subordinated to ambition, recognition, or financial incentives [31].
Without rigorous dedication to scientific integrity and curiosity-based research, research suffers a
drop in quality and reputation. A commitment to performing ethical deeds and an earnest dedication
to discovery are paramount to safeguarding the integrity of scientific inquiry [32].

3.7. Political Evidence Beyond the Data Manipulation

The political influence on scientific conclusions may extend beyond the scope of objective data,
potentially leading to biased interpretations or selective reporting of results [33]. The alignment of
research with political agendas, whether for policy rationalization, public communication, or national
objectives, jeopardizes scientific objectivity [33]. Subtly and without explicit manipulation of data,
this process often involves emphasizing supporting evidence, neglecting contradictory information,
and presenting results in a way that supports pre-existing interpretations. These practices diminish
public confidence and compromise the objectivity of science in policy decisions [34,35].

4. Life Sciences Retraction Trends: Scope and Growth

4.1. Overall Increase in Retractions

The rate of retractions in the life sciences increased significantly over the past several decades.
A Retraction Watch database analysis revealed that through early 2023, approximately 13,567 life
science articles had been retracted. Annual retraction numbers showed a consistent upward trend
(~12-20% yearly growth) between 1976 and 2023 [36]. Further analysis revealed a startling rise in
retractions; approximately 38 in 2000, increasing to over 2,300 by 2020, and skyrocketing to more than
10,000 in 2023, indicating a serious trend [37,38]. Expansion that has been observed is partially
attributable to heightened vigilance and more vigilant post-publication scrutiny (e.g., facilitated by
sites like PubPeer), but it also highlights underlying pressures and vulnerabilities in the publication
process, specifically paper mills and fake peer review rings [39-41]. In 2021, retractions for fake
research were demonstrated to considerably increase, with a specific effect on cellular, molecular,
and cancer biology, fields vulnerable to image manipulation [42,43]. The retractions documented in
NCBI database (Pubmed) are represented in Table 1 and Figure 1.
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Figure 1. Number of article retractions cited in PubMed (NCBI) from 2000 to December 5th, 2025. The increasing
trend in the number of retracted citations started with the time and after the COVID-19 pandemic.

4.2. Misconduct vs. Error

Most retracted studies are due to deliberate falsification or fabrication of data, rather than error.
Of over 2,000 biomedical life science retractions in PubMed as of 2012, almost 67% were for
misconduct, such as fraud, duplication, or plagiarism, and only just over 21% were for errors [44].
About 60% of retractions were attributed to misconduct from a meta-analysis of 17 cohorts. Of these,
about 19% were for falsifications or fabrications, 19% for duplication or overlap, and 15% for
plagiarism, while an insignificant mere 7% involved ethical issues [44,45]. Honest errors accounted
for a minority proportion. From 2000 to 2021, one survey of 2,069 retracted European institution
articles concluded 66.8% resulted from misconduct and 15.6% from good-faith errors [46]. Over the
years, research misconduct's nature changed, with a frightening peak in fabrication and falsification
as it rose from a mere 0.8 to a staggering 5.9 cases per 100,000 publications. The reality that willful

manipulation of data is so overtly engaged in retractions highlights a critically significant matter
[47,48].

Table 1. NCBI annual number of Retractions.

Number of
Year . Progress
Retractions
2000 11
2001 19
2002 22 Beginning of digital indexing; low detection/reporting
2003 45
2004 46
2005 42
2006 86
2007 83 Increased awareness, more journals adopting retraction policies
2008 165
2009 235
2010 241
igi; ZZ? Surge due to misconduct cases (e.g., Stapel, Boldt)
2013 497
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2014 396

2015 561

;gig ZZ; Retraction Watch gains visibility; journal standards improving

2018 564

2019 661 More active journal corrections and scrutiny

2020 1015 COVID-19 pandemic led to rapid publications and scrutiny

2021 1556 Highest yearly retraction rate, many COVID-19 related

2022 1916 Continued rise, automation and Al tools detecting fraud

;g;z ;g;: Predatory journals, fake peer review, and data fabrication flagged
2025 (estimated) 4058 The rise of artificial intelligence

4.3. Discipline, Geography, and Team Patterns

The trend of global life science retractions comes with significant variations, headed by China at
almost 39%, the U.S. at roughly 15.8%, and India at approximately 5% [36,49]. Retraction analysis
indicates that interdisciplinary and multidisciplinary life science studies (approximately 20%), cell
biology (approximately 19%), and cancer biology (approximately 14%) experienced the highest
retraction rates [36]. Team behavior plays a significant role in affecting publication outcomes; authors
who participate in retractions tend to collaborate with each other closely, and one subgroup of
authors tends to contribute disproportionately high numbers of retractions [50,51]. Authors of
withdrawn articles, particularly those presented first or last, are often subject to long-term
reputational and professional harm irrespective of their extent of involvement [51].

5. The Risks and Ramifications of Data Fabrication in Life Sciences

5.1. Ripple Effects Across Research

When a publication has been withdrawn on the basis of falsified or forged data, the resulting
consequences, though often unseen, can be far-reaching and significantly impact the scientific
community [52]. A retracted 2005 stem cell study, for example, even in retraction, garnered over 667
citations and impacted over 33,000 later publications [53]. With retranslations into retraction
databases and watermarks on flawed papers, most authors are still not warned, quoting these papers
and extending errors, indicating a communication breakdown [38]. Because of this cascade
phenomenon, forgery in one area will contaminate adjacent projects, undermining hypotheses,
wasting lab supplies, and misdirecting grant funds, causing significant research slowdowns [54,55].
Time devoted to duplicating others' errors or reconstructing faulty models can stall scientific
advances for decades, stifling innovation and discovery [56].

5.2. Institutional and Career Consequences

Exemplary case studies highlight the personal consequences of falsified data. The evidence
against Dipak K. Das, a cardiovascular researcher, was substantial as he was found guilty of
fabricating data in over 20 published papers that impacted on the validity of medical research [3].
Following an investigation, Luk Van Parijs of MIT owned up to being involved in the fabrication and
falsification of data presented in academic papers and grants, a gross misconduct in research ethics
[57]. Terry Elton from Ohio State, who was accused of research misconduct, had seven of his papers
retracted, and lost his supervisory rights along with grant funds [58]. At the institutional level,
retractions due to data fabrication trigger extensive internal investigations, leading to policy
overhauls and causing significant reputational damage to universities, funders, and journals, often
accompanied by intense media scrutiny and public outrage. Co-authors, departments, and funding
agencies, even if innocent, often experience repercussions from the misconduct of others [59].
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5.3. Paper Mills and Fake Peer Review

Bigger paper mill operations producing bogus manuscripts, figures and fraudulent peer-review
networks pose a solemn menace to scholastic integrity marked by fraud and the dissemination of
false information [60]. Spurious reviews, responsible for as much as 11-12% of retractions, severely
undermined the integrity of genetics and biomedical literature: data integrity issues ~18-19% [61].
Almost 33% of India's retractions were due to spurious peer review, while data integrity issues
accounted for almost 17% and plagiarism ~15%. Such systemic fraud schemes undermine the
integrity of entire disciplines. Such systemic fraud schemes undermine the integrity of entire
disciplines [62].

6. Upholding Data Integrity: Strategies and Obligations (The Solutions)

6.1. Robust Peer Review and Editorial Vigilance

High-impact journals are obligated to uphold stringent standards of data transparency and
reproducibility, demanding meticulous documentation and readily available data sets for verification
[63—65]. There is a positive correlation between retraction trends and journal impact factor, showing
that higher impact journals face more scrutiny and consequences [44,52,66]. Journals should mandate
the availability of raw data, implement image integrity checks to prevent manipulation, and clearly
detail their methodologies [67,68]. Editorial policies must enforce accountability for suspicious
patterns by implementing robust review processes and independent investigations, and ensure
timely, informative retraction notices are communicated transparently, clarifying the nature of the
misconduct and steps taken to prevent recurrence [69-71].

6.2. Post-Publication Scrutiny and Alert Mechanisms

Post-publication, platforms like PubPeer and expert image forensic reviewers, including
Elisabeth Bik, are crucial in identifying anomalies, their keen eyes spot suspicious patterns and
manipulations within the images [72,73]. Formal journal processes should include integration with
such platforms. Moreover, the scientific ecosystem requires automated alert systems to promptly
notify citing authors of retractions, prompting a critical reassessment of their own research [74,75].

6.3. Institutional Culture and Training

Universities and research institutions must embed research integrity training into early career
development, ensuring that trainees understand the importance of ethical conduct and data
transparency [76]. Mentorship, open data practices, and strong consequences for misconduct
including clear processes for addressing errors without unnecessary stigma, will foster ethical norms.
To ensure fairness and prevent future misconduct, research investigations must be conducted
impartially, with transparent processes, and result in effective measures to rectify the situation [77].

6.4. Funding Agency and Regulatory Role

Granting bodies and regulators should enforce data integrity expectations, mandate transparent
data sharing, and conduct thorough audits of key studies, ensuring all data is complete, accurate, and
readily available [78,79]. To prevent misaligned incentives, promotion metrics must prioritize the
value of robust, verifiable research over superficial achievements or mere output [80]. Funding
agencies may also support initiatives to automate integrity detection and citation alerts, similar to
DARPA's exploration of tools that dynamically assess the reliability of published findings, potentially
improving the overall trustworthiness of scientific research [81-83].

6.5. Quality Control Measures to Ensure Published Data Integrity
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Several studies are created to meet the bare minimum experimental quality for publication,
following the rule of minimal data required for obtaining grants [84]. Although scientists frequently
publish papers and mass records, they still fail to demonstrate any understanding of the current
highly competitive landscape of single-cell multiomics research [85]. Quality control measures must
be implemented in the scientific committee and publishing practices. Without this, there will be no
evidence of positive medical advancements to document [12,86-88].

6.6. The Substantial Need for Door Guards in Research

During the research cycle, which starts with the submission of articles to journals, next to
submission of grants and until the awarding of grants, there are supposed to be guards on the doors
of scientific research to avoid any crossing of fraud or its generators [1,89]. The administration of data
integration is crucial for preventing any falsified or malicious data to be introduced to the scientific
community [55,90]. The summary of problems and solutions is represented in Figure 2.

Problems " Solutions

The demand for Obtaining \, / Robust peer-Review and
Grants A\ : Editorial vigilance
Technical Barriers to 1 \ / Post-publication scrutiny

getting desired outcomes | and alert mechanisms

Lack of Scientific

Experience

Insufficient government-

inspection and surveillance

Absence of database to
upload all published data |
[ Absence of morals and true |
L scientific interest
e h / ¥
Political evidence beyond / The substantial needs for
the data manipulation ‘ | door guards in research

Figure 2. Schematic representation for the main reasons of non-ethical scientific data manipulation (problems

and solutions).

7. Conclusion: Facing the Threat of Fabrication, Strengthening the Future

The increasing complexity of life sciences research in translational and clinical settings magnifies
the potential consequences of fraudulent or fabricated data; the impact on patient care and scientific
integrity is profound. Without flawless data integrity, progress is impossible. It's the foundation, the
very essence of moving forward, a feeling of unshakeable stability. Even a small compromise
jeopardizes the entire process, threatening its stability and success. While rising retraction rates may
reflect a self-correcting system, the pervasiveness of misconduct poses serious risks, including wasted
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resources, the distortion of scientific findings, potential harm to patients, and a decline in public trust,
leaving a bitter taste in the mouths of those who had placed their faith in science.

To preserve the continuity and credibility of life science research, all stakeholders—researchers,
journals, institutions, funders, and platforms —must work together in a coordinated and collaborative
manner, ensuring transparency and open communication throughout the research process.
Maintaining data integrity requires a rigorous, multi-stage process: precise data collection and
thorough peer review are crucial, as are post-publication checks and strong institutional oversight to
guarantee accuracy and reliability. Only then, with continuous scrutiny and open dialogue, can
science remain self-correcting, reliable, and effectively serve the advancement of knowledge and
societal progress.

To protect against the reputation damage caused by falsified data, strong punitive measures
should be taken by federal agencies and the government against those who publish unethical
research, discouraging scientists from manipulating their findings. Such measures could include
publishing retractions and blacklisting research.
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