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The National Health and Nutrition Examination Survey (NHANES) has emerged as one of the premier datasets for 
population-based health research, and nowhere is this more evident than in the explosive growth of sleep medicine 
investigations. We conducted a quick bibliometric analysis using PubMed from inception to October 8, 2025, with the 
search strategy: “(NHANES OR ‘National Health and Nutrition Examination Survey’) AND (sleep OR ‘sleep disorders’ 
OR ‘sleep medicine’ OR insomnia OR ‘sleep apnea’ OR ‘sleep duration’ OR ‘sleep quality’)” which yielded 3095 
papers. From this dataset, we identified 655 papers mentioning NHANES, 1525 papers related to sleep, and 429 studies 
specifically using NHANES data to investigate sleep and sleep disorders. This analysis reveals a remarkable 1,244% 
increase in NHANES sleep studies from 2015 to 2024, with research on sleep duration dominating at 32.0% of all 
investigations, followed by obstructive sleep apnea studies at 16.0%. However, this unprecedented growth demands 
critical examination, as recent meta-research has raised significant concerns about the quality and methodological rigor of 
NHANES-based investigations. Figure 1 shows the publication growth trajectory of NHANES sleep research from 2015 
to 2025, demonstrating the exponential increase in publications, particularly after 2021.

The Formulaic Research Problem
Recently, Suchak et al documented what they termed an “explosion of formulaic research articles” based on NHANES 
data, including inappropriate study designs and false discoveries.1 Their systematic analysis revealed concerning 
patterns: studies consistently failing to account for multifactorial relationships, manuscripts neglecting false discovery 
rate corrections, and researchers selectively extracting data rather than utilizing comprehensive datasets. Their investiga
tion identified an average of four papers per year between 2014 and 2021, which surged to 190 papers in 2024 alone. 
Ninety-two percent of recent publications originated from Chinese institutions, compared to just 8% before 2021.

These quality concerns remain largely unaddressed in NHANES sleep research. The implications for sleep medicine 
research are profound, particularly given that our field has embraced NHANES data with exceptional enthusiasm, 
producing nearly half of all sleep-related NHANES studies in just the past four years.

The broader scientific publishing landscape has witnessed similar concerning trends across multiple domains. 
O’Grady reported that, as Northwestern University metascientist Reese Richardson put it, such free data sources allow 
almost anyone to take a known research method and swap in new variables to create fresh findings in a kind of “research 
Mad Libs”.2 This phenomenon extends beyond NHANES to encompass various genetic studies, bibliometric analyses, 
and other large-scale datasets.3 The timing coincides suspiciously with the widespread availability of artificial intelli
gence chatbots that can generate readable text from simple prompts.4 This could potentially facilitate the rephrasing of 
template papers with different variable combinations to avoid plagiarism detection.

Understanding NHANES Appeal and Limitations
The appeal of NHANES data for sleep researchers is understandable. The survey provides nationally representative data 
with standardized protocols, rich multidimensional variables, and public accessibility that promotes reproducibility. You 
et al (2024) emphasize that NHANES represents a complex survey design utilizing stratified, multistage probability 
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sampling to ensure national representativeness across diverse demographic groups, including age, race/ethnicity, and 
socioeconomic status. The dataset encompasses comprehensive sleep assessments through validated questionnaires, 
objective measurements like actigraphy in recent cycles, and extensive covariates, including biomarkers, anthropometric 
measurements, and comorbidity profiles.5 Sleep duration questionnaires, demographic data, biomarkers, and comorbidity 
information create an attractive research environment for investigating population-level sleep health relationships. 
However, it has been cautioned that the apparent simplicity of data access masks substantial methodological complexities 
that require specialized knowledge of survey weights, variance estimation procedures, and appropriate handling of 
missing data patterns.5 The cross-sectional nature of most NHANES components limits causal inference capabilities, 
while the evolving questionnaire formats across survey cycles demand careful consideration of measurement consistency 
over time. A particularly concerning trend observed across publicly available big data repositories is that many sleep- 
related studies are conducted by researchers without specialized sleep medicine training.3 These investigators may lack 
the clinical expertise necessary to interpret sleep questionnaire data appropriately, understand the biological plausibility 
of observed associations, or recognize the limitations of self-reported sleep measures in capturing complex sleep 
disorders. This knowledge gap often leads to oversimplified interpretations of multifactorial sleep conditions and 
inadequate consideration of confounding variables specific to sleep pathophysiology. This accessibility has coincided 
with methodological concerns that threaten the integrity of our scientific literature.

The artificial intelligence revolution has fundamentally transformed how researchers interact with large datasets. 
Byrne and Stender point out that while AI-ready health datasets have made research more accessible, they can also be 
misused, leading to a flood of papers that add little genuine value to science.6 Large language models enable what they 
describe as “frictionless” manuscript production, where the research process becomes as automated as possible. The 

Figure 1 Exponential growth in NHANES sleep research publications (2015–2025). Annual publication counts show a 1,244% increase from 9 papers in 2015 to 121 papers 
in 2024, with 2024 highlighted in gold to emphasize the publication peak. Data derived from a PubMed bibliometric analysis using search strategy: “(NHANES OR ‘National 
Health and Nutrition Examination Survey’) AND (sleep OR ‘sleep disorders’ OR ‘sleep medicine’ OR insomnia OR ‘sleep apnea’ OR ‘sleep duration’ OR ‘sleep quality’)”.
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combination of accessible APIs (Application Programming Interfaces) for data extraction and generative AI for manu
script preparation creates unprecedented opportunities for scaling low-value research production.

Our editorial review of recent NHANES sleep submissions reveals recurring patterns that align with broader concerns 
about formulaic research. Many manuscripts demonstrate a troubling reliance on single-factor analyses for inherently 
multifactorial sleep disorders. Consider obstructive sleep apnea (OSA), a complex condition influenced by anatomy, 
obesity, age, genetics, and numerous metabolic factors. Nevertheless, we regularly encounter studies that examine 
isolated biomarkers or demographic variables as primary predictors, often without appropriate statistical corrections 
for multiple testing.

The paper mill phenomenon represents perhaps the most insidious threat to scientific integrity when exploiting big 
data repositories. These covert organizations mass-produce low-quality or fabricated manuscripts for commercial 
distribution, exploiting the publish-or-perish culture that predicates academic advancement on quantity rather than 
quality. Mainous describes how paper mills leverage publicly available datasets like NHANES because of their instant 
credibility, using matrices of variables to generate statistically significant relationships without meaningful hypotheses.7 

These enterprises can overwhelm journals with formulaic submissions that focus on p-values while ignoring biological 
plausibility or scientific mechanisms. Journal and publishers’ policies need systematic approaches to address these 
challenges, including enhanced transparency requirements for authorship practices, mandatory originality declarations, 
rigorous multiple testing corrections, and comprehensive AI tool usage disclosure.8,9 The research community increas
ingly recognizes that countering paper mills requires coordinated editorial policies that prioritize methodological rigor 
over publication volume, particularly when evaluating studies utilizing publicly available datasets.

The diagnostic validity issue represents perhaps the most significant methodological challenge. NHANES lacks 
polysomnographic data, the gold standard for sleep disorder diagnosis. Instead, researchers rely on questionnaire-based 
assessments that, while useful for screening, have limited specificity for clinical sleep disorders. Researchers commonly 
employ sleep screening questionnaires without adequate validation or acknowledgment of their limitations. The Berlin 
questionnaire demonstrates high sensitivity (up to 85%) but poor specificity (as low as 23%), while the STOP-Bang 
shows higher specificity (up to 68%) but lower sensitivity (as low as 42%) compared to polysomnography.10 Studies 
investigating OSA associations often rely on self-reported symptoms that overlap with multiple conditions, creating 
misclassification bias. This becomes particularly problematic when examining complex relationships without acknowl
edging that questionnaires may capture symptom clusters rather than confirmed sleep disorders. How many apparent 
sleep disorder cases actually represent true pathophysiology versus overlapping symptoms?

Statistical and Design Deficiencies
These diagnostic limitations become particularly problematic when combined with inadequate statistical methodology. 
Common methodological concerns include the failure to implement false discovery rate corrections, even when testing 
multiple hypotheses, which dramatically increases the likelihood of spurious associations in large datasets.1 Studies 
frequently employ inappropriate reference groups in quartile analyses without statistical justification for cut-point 
selection, potentially introducing arbitrary categorization bias. Additionally, researchers often neglect comprehensive 
covariate adjustment that should account for the complex interplay of demographic, metabolic, and environmental factors 
affecting both sleep exposures and health outcomes.5 For instance, investigations examining biomarker associations with 
sleep disorders may fail to consider confounding variables such as age-related changes, dietary patterns, medication use, 
or comorbid conditions that could explain observed relationships. Strategies for handling missing data and ensuring 
robust statistical estimates in NHANES analyses require careful consideration of survey design complexities and 
weighting procedures to maintain population representativeness.11 The fundamental question remains; how can we 
ensure that apparent sleep-health associations reflect genuine biological mechanisms rather than methodological artifacts 
or inadequately controlled confounding?

The selective use of data subsets without clear justification represents another red flag for potentially problematic 
research. Suchak et al demonstrated that although NHANES diabetes data were available from 1999 to 2020, studies 
selectively analyzed the periods 2003–2018 and 2017–2020 without a scientific rationale.1 This pattern suggests data 
dredging, where researchers systematically explore different variable combinations until statistically significant 
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associations emerge, a practice that dramatically increases the likelihood of false discoveries. A related concern involves 
presenting exploratory analyses as confirmatory research, where data-driven findings are reported without acknowledging 
their hypothesis-generating nature rather than their hypothesis-testing purpose.

The proliferation challenge extends beyond individual methodological issues to broader research integrity concerns in 
large database studies. Recent analysis has identified troubling patterns where studies employ remarkably similar 
frameworks, differing only in the specific biomarker or demographic variable examined.1 This shift toward data mining 
rather than hypothesis-driven research violates fundamental scientific principles by capitalizing on chance findings 
instead of testing biologically plausible hypotheses. The accessible nature of comprehensive datasets like NHANES 
may inadvertently encourage exploratory analyses without appropriate statistical safeguards or theoretical frameworks to 
guide variable selection.

We need to develop and implement core principles for NHANES data analyses, including understanding dataset 
limitations, appropriate variable selection, and careful interpretation of cross-sectional findings.5 However, widespread 
adoption of these principles remains frustratingly inconsistent across the literature. Far too many studies present 
associations as though they prove causation, ignore entirely the temporal constraints of cross-sectional data, and fail to 
situate their findings within the broader context of established sleep medicine knowledge.

Methodological Challenges in Sleep Research
The widespread availability of artificial intelligence tools has fundamentally altered the landscape of NHANES sleep 
research, creating both unprecedented opportunities and significant risks for scientific integrity. While AI can accelerate 
data analysis and manuscript preparation, it may also facilitate the formulaic research patterns observed in NHANES 
studies.12 The ease of AI-assisted variable exploration and statistical testing could inadvertently encourage the data 
dredging behaviors that contribute to spurious associations in large datasets. Instead of merely automating existing 
approaches, researchers must ensure AI tools enhance methodological rigor rather than expedite the production of low- 
quality research.

The Path Forward
At Nature and Science of Sleep, we have become increasingly mindful of these challenges when reviewing papers using 
NHANES or other large datasets.13 We encourage our reviewers to watch for red flags like single-factor analyses of 
complex sleep conditions, missing statistical corrections for multiple testing, and studies that lack clinical relevance or 
actionable insights. Our goal is simple: support quality science while being more vigilant about studies that present 
associations as causation or ignore the inherent limitations of cross-sectional data. We believe this balanced approach 
protects both scientific integrity and genuine researchers who are conducting meaningful work with these valuable 
datasets. To provide clear guidance for editors and reviewers, we have developed practical safeguards that address the 
most common methodological pitfalls in NHANES sleep research (Table 1).

Our role as a journal extends beyond gatekeeping to education. We urge investigators to reflect the full complexity of 
sleep disorders when analyzing NHANES or similar complex surveys, rather than reducing multifactorial conditions to 
simple exposure-outcome contrasts. Rigor includes principled covariate selection, control of multiple testing (with clearly 
defined families of hypotheses), and reporting effect sizes with uncertainty, not p-values alone. Claims must be aligned 
with design; cross-sectional associations should not be framed as causal without explicit assumptions and appropriate 
methods.

Best practices for NHANES-based studies include: (1) prespecifying variables, time windows, and subgroup plans 
and justifying exclusions; (2) validating or carefully qualifying sleep-disorder definitions; (3) using survey-aware 
estimators that incorporate weights, strata, and clusters (including correct re-weighting when combining cycles); (4) 
harmonizing variables across cycles and documenting assay or coding changes; (5) addressing missing data (eg, multiple 
imputation) and measurement error; and (6) adopting transparent workflows (code and variable maps shared) and 
reporting in line with STROBE. Progress here will benefit from coordinated actions by data stewards, publishers, and 
the research community to enhance guidance and oversight.
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Table 1 Common NHANES Sleep Research Pitfalls and Editorial Safeguards

Methodological Pitfall Editorial Safeguard

Data mining without a clear hypothesis Require an explicit a priori question and biological/clinical rationale; if exploratory, label as such and limit claims.

Single-factor analysis of multifactorial conditions Require an appropriate multivariable framework (confounder control guided by a causal diagram) or revise the scope.

No control for multiplicity Require a prespecified family of hypotheses and valid multiple-testing control (eg, FDR/FWER) with effect sizes and CIs.

Inadequate covariate strategy Require theory-informed covariate selection; avoid overadjustment/collider bias; report sensitivity analyses.

Selective dataset/period usage Require transparent justification for cycle/variable inclusion and exclusion; discourage post-hoc cherry-picking.

Clinical irrelevance Require clinically interpretable effect sizes (absolute differences, risk ratios, predicted probabilities) and context.

Exploratory work presented as confirmatory Require clear labeling (hypothesis-generating vs hypothesis-testing) and, when feasible, independent replication.

Ignoring complex survey design (weights/strata/PSUs) Require survey-aware analyses (design specs in all models); justify any unweighted analyses.

Combining cycles without harmonization/re-weighting Require documented variable harmonization, attention to assay/code changes, and correct combined-cycle weights.

Misclassification of sleep disorder definitions Require validation against available clinical indicators or thorough limitation statements, along with sensitivity analyses.

Missing data handled by complete-case only Require principled handling (eg, multiple imputations, weighting) and reporting of missingness patterns.

Overinterpretation of cross-sectional associations as causal Require cautious language; explicit assumptions for any causal claims; appropriate methods or reframe as an association.

Small or sparse subgroup analyses Require minimum cell counts, wide-CI acknowledgment, or defer such analyses to exploratory appendices.

Odds ratios misinterpreted for common outcomes Require presentation of absolute risks or marginal effects and, when appropriate, risk ratios.

Abbreviations: NHANES, National Health and Nutrition Examination Survey; FDR, false discovery rate; FWER, family-wise error rate; CI/CIs, confidence interval[s]; PSU/PSUs, primary sampling unit[s].
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The path forward requires collaborative effort across multiple stakeholders. Researchers must embrace higher 
methodological standards, including comprehensive study design, appropriate statistical analysis, and honest interpreta
tion of limitations. Reviewers need specialized training in both NHANES methodology and sleep medicine principles to 
effectively evaluate submitted manuscripts. Journals should implement screening procedures that identify potentially 
problematic submissions while maintaining support for legitimate research.

Educational initiatives represent a critical component of quality improvement. We recommend the development of 
specialized training programs for big data sleep research, potentially in collaboration with professional societies and 
other leading journals. These programs should emphasize both the technical aspects of complex survey data analysis and 
sleep medicine principles necessary for appropriate interpretation.

The remarkable growth in NHANES sleep research over the past decade demonstrates the field’s recognition of the 
value of population-based data for understanding sleep health. However, sustainable growth requires quality alongside 
quantity. By implementing enhanced methodological standards, appropriate statistical procedures, and careful attention to 
clinical relevance, we can ensure that NHANES continues to serve as a valuable resource for advancing sleep medicine 
knowledge while maintaining the scientific integrity that defines our discipline.
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