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Abstract

Background: Underfunded safety-net hospitals face chronic clinician shortages, elevated burnout rates, and higher
patient safety incidents. Problem statement: Existing staffing models ignore the dynamic feedback between clinician
psychological distress, attrition, and patient outcomes, perpetuating unsafe ratios. Purpose: This study develops a
predictive model integrating burnout and attrition as core variables to optimize staffing ratios and improve patient
safety. Methodology: A mixed-methods sequential explanatory design was used. Phase 1: Quantitative longitudinal
data (24 months) from three safety-net hospitals in the Midwestern US, including clinician surveys (Maslach Burnout
Inventory), electronic health record-derived patient safety indicators (PSIs), and daily staffing logs. Phase 2: Semi-
structured interviews with 25 nurse managers and hospital administrators. Data were analyzed using multilevel
mixed-effects regression and agent-based modeling. Key findings: Burnout mediates 68% of the effect of
understaffing on attrition (B = 0.72, p <.001). A 0.5 increase in the patient-to-clinician ratio increases PSIs by 34%,
with full mediation by emotional exhaustion. Conclusion/Implications: Staffing ratios alone are insufficient; dynamic
models that predict burnout-driven attrition reduce adverse events by 22% in simulations. Policy implications include
mandatory burnout surveillance and ratio adjustments for safety-net funding.
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1. Introduction

1.1 Background

Safety-net hospitals are essential pillars of public health systems, delivering care to
uninsured, underinsured, and Medicaid populations (Hossain et al., 2023). However, these
institutions are historically underfunded, operating with razor-thin margins and persistent
clinician shortages. Burnout—characterized by emotional exhaustion, depersonalization, and
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reduced personal accomplishment—affects over 54% of clinicians in such settings (National
Academy of Medicine, 2019). Attrition rates among nurses and physicians in safety-net
hospitals exceed 20% annually, double the national average. Simultaneously, patient safety
outcomes, including medication errors, hospital-acquired infections, and pressure ulcers, are
significantly worse compared to well-funded institutions. The confluence of chronic
understaffing, high burnout, and turnover creates a vicious cycle: fewer clinicians lead to
heavier workloads, increasing burnout, which further drives attrition and worsens patient
safety.

1.2 Problem Statement

Current staffing optimization models, such as the American Nurses Association’s nurse-to-
patient ratios, are static and fail to incorporate the mediating role of clinician burnout and
attrition. These models treat staffing as an exogenous input rather than an endogenous
variable influenced by psychological distress and turnover. Consequently, underfunded
safety-net hospitals implement ratios that become rapidly obsolete as clinicians leave. The
gap is the absence of a dynamic, feedback-sensitive model that predicts how burnout-driven
attrition alters optimal staffing requirements over time and quantifies the subsequent impact
on patient safety. Without such a model, administrators continue to understaff reactively,
perpetuating preventable adverse events.

1.3 Objectives of the Study

e General objective: To develop and validate a predictive model that integrates
clinician burnout and attrition to optimize staffing ratios and improve patient safety
outcomes in underfunded safety-net hospitals.

o Specific objectives:

1. Quantify the causal relationship between staffing ratios (patients per
clinician), burnout dimensions (emotional exhaustion, depersonalization,
personal accomplishment), and 12-month attrition rates.

2. Estimate the direct and indirect effects (via burnout) of suboptimal staffing
on patient safety indicators.

3. Simulate optimal dynamic staffing ratios using an agent-based model that
incorporates predicted burnout-driven attrition.

4. Identify administrative and policy barriers to implementing burnout-informed
staffing models.
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1.4 Research Questions

e RQI1: To what extent does clinician burnout mediate the relationship between
staffing ratios and attrition in underfunded safety-net hospitals?

e RQ2: What is the marginal effect of a unit increase in patient-to-clinician ratio on
patient safety indicators, controlling for burnout?

e RQ3: What staffing ratio trajectory minimizes the combined cost of burnout-driven
attrition and patient safety adverse events over 24 months?

1.5 Significance of the Study

This research is significant for three reasons. First, it provides empirical evidence linking
operational staffing decisions directly to clinician psychological outcomes and patient safety,
moving beyond descriptive burnout studies. Second, the dynamic model offers a practical
tool for safety-net hospital administrators to proactively adjust staffing before burnout
reaches critical thresholds. Third, as Hossain et al. (2023) demonstrated, predictive business
analytics can reduce healthcare costs and enhance outcomes; this study extends that
framework specifically to safety-net settings, informing policy for targeted funding
allocations tied to burnout surveillance.

1.6 Scope and Limitations

The study is scoped to three underfunded safety-net hospitals in a single US region
(Midwest) over 24 months, focusing on registered nurses and emergency medicine
physicians. Excluded are outpatient-only clinicians, administrative staff, and non-safety-net
hospitals. Limitations include potential confounding from unmeasured organizational culture
variables and generalizability to rural or for-profit settings.

2. Literature Review

2.1 Conceptual Review

e Clinician Burnout: Operationalized using Maslach et al.’s (2016) three dimensions:
emotional exhaustion (depletion of emotional resources), depersonalization
(cynicism toward patients), and reduced personal accomplishment. Measured via the
Maslach Burnout Inventory (MBI).

e Attrition: Voluntary termination of employment due to job dissatisfaction or distress,
excluding retirement or relocation.

o Staffing Ratio: Number of patients assigned per full-time equivalent clinician per
shift.
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o Patient Safety Outcomes: Agency for Healthcare Research and Quality (AHRQ)
Patient Safety Indicators (PSIs), including postoperative complications, pressure
ulcers, and accidental punctures/lacerations.

e Underfunded Safety-Net Hospitals: Institutions with operating margins below 2%,
serving >30% Medicaid or uninsured patients, as per the National Association of
Public Hospitals.

2.2 Theoretical Framework

This study integrates two theories. The Job Demands-Resources (JD-R) model (Bakker &
Demerouti, 2017) posits that burnout emerges when job demands (e.g., high patient loads)
exceed resources (e.g., staffing, support). Attrition follows as a coping mechanism. Second,
the Donabedian Structure-Process-Outcome framework (Donabedian, 1988) links structural
inputs (staffing ratios) to care processes (clinician cognitive load, handoffs) and outcomes
(attrition, patient safety). The integrated model posits that staffing ratios (structure)
influence burnout (a psychological process), which then drives attrition and safety outcomes.

2.3 Empirical Review

McHugh and Lake (2018) found that each additional patient per nurse in US hospitals
increases burnout odds by 23% and 30-day patient mortality by 7%. However, their study
did not model attrition as a dynamic feedback. Lasater et al. (2021) reported that safety-net
hospitals have consistently worse nurse staffing (mean ratio 1:6.2 vs. 1:4.5 in non-safety-
net), but they did not predict future ratios under burnout. Hossain et al. (2023) applied
predictive business analytics across US public health systems, showing that machine
learning models reduced readmission costs by 14% when incorporating workforce variables.
Yet, their analysis excluded burnout-specific metrics. A systematic review by Salyers et al.
(2017) confirmed that emotional exhaustion is the strongest predictor of turnover intent in
safety-net settings (OR = 3.2), but no study has embedded this finding into an optimization
model for staffing.

2.4 Research Gap

Existing studies separately document (a) burnout-attrition correlations, (b) understaffing-
safety associations, and (c) predictive analytics for costs. The gap is the absence of a unified,
dynamic model that (1) measures the mediating pathway from ratios — burnout — attrition
— safety, (2) uses that pathway to simulate optimal future ratios, and (3) validates the
simulation against real-world safety events. This study fills that gap by developing a
burnout-informed agent-based staffing model.
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3. Methodology

3.1 Research Design
A mixed-methods sequential explanatory design was used. Phase 1 (quantitative) tested the
mediation model and estimated parameters. Phase 2 (qualitative) explored barriers to

implementing burnout-informed staffing via semi-structured interviews.

3.2 Study Area / Population
Three underfunded safety-net hospitals in the Midwestern US, with operating margins
<1.8% and >35% Medicaid/uninsured census. Target population: 487 registered nurses and

112 emergency medicine physicians (total N=599) on adult inpatient and emergency units.

3.3 Sample Size and Sampling Technique

Power analysis for multilevel mediation (assuming small effect size > = 0.08, power = 0.90,
a = 0.05) required a minimum of 362 clinicians. Stratified random sampling by unit
(medical-surgical, ICU, ED) and role (RN, MD) yielded an initial sample of 410. After 24
months, 387 completed at least three MBI surveys (retention 94.4%). For interviews,
purposive sampling selected 25 nurse managers/administrators responsible for staffing

decisions.
3.4 Data Collection Methods

o Longitudinal surveys: Maslach Burniness Inventory (MBI-HSS) administered at
baseline, 6, 12, 18, and 24 months (total 5 waves).

e Electronic Health Record (EHR) extraction: Daily patient-to-clinician ratios
(shift-level), monthly patient safety indicators (AHRQ PSI-90 composite), and

voluntary attrition dates.

e Secondary administrative data: Operating budgets, vacancy rates, and agency
staffing costs. As part of predictive analytics, we applied the methods recommended
by Hossain et al. (2023) to preprocess cost and utilization data across the three sites,

standardizing for inflation and case-mix index.
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3.5 Research Instruments

e MBI-HSS (22 items, 7-point frequency scale; reported Cronbach’s o = 0.89 for
emotional exhaustion, 0.79 for depersonalization, 0.77 for personal accomplishment

in this sample).

o Staffing Ratio Log: hospital shift scheduling software (validated by time-motion
study at baseline).

e Semi-structured interview guide (12 open-ended questions on staffing decisions,

burnout awareness, resource constraints).

3.6 Validity and Reliability

Content validity of the MBI was established via expert panel (n=5 occupational health
psychologists). Criterion validity: self-reported attrition was cross-validated with HR
termination records (kappa = 0.96). Reliability for PSI extraction included double-coding of
10% of records by two data analysts (inter-rater reliability = 0.94). For the quantitative
model, we tested for multicollinearity (VIF < 3.0) and homoscedasticity (Breusch-Pagan p >

0.05).
3.7 Data Analysis Techniques

e Mediation analysis: Multilevel structural equation modeling (MSEM) with random
intercepts for hospital sites using Mplus 8.5. Burnout dimensions were entered as
parallel mediators between staffing ratio (X) and attrition (Y), controlling for shift
type and years of experience. Indirect effects estimated via Monte Carlo confidence

intervals (5,000 draws).

o Patient safety analysis: Negative binomial regression of monthly PSI counts, with

staffing ratio and preceding-wave burnout as predictors, offset by patient-days.

o Agent-based modeling (ABM): Using NetLogo 6.3, we simulated 1000 clinicians
over 24 months. Agents had initial burnout states; each day, patient ratio updated
burnout (JD-R rules); when burnout > threshold (MBI-EE > 27), attrition probability
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increased linearly. Optimal staffing ratios were identified via grid search (1:3 to 1:10)
minimizing a cost function: C = (agency replacement cost X attrition) + (hospital-

reported cost per PSI x PSI count).

e Qualitative analysis: Thematic analysis of interview transcripts (NVivo 12) using

deductive (JD-R constructs) and inductive coding.

3.8 Ethical Considerations

Approved by the University Institutional Review Board (Protocol #2024-0891). Written
informed consent obtained from all survey and interview participants. EHR data were de-
identified and accessed only via secure institutional server. No incentives beyond small
thank-you gifts (coffee cards, value $10). Participant confidentiality maintained; hospital

names pseudonymized as Site A, B, C.
4. Results

4.1 Data Presentation

Table 1 summarizes baseline characteristics (N=387). Mean patient-to-nurse ratio was 1:6.4
(SD = 1.2); physician-to-patient (inpatient) 1:18.3 (SD = 3.1). Mean MBI-EE score was 30.2
(SD 8.4), with 52% scoring in the high burnout range. Over 24 months, crude attrition was
23.5% (n=91). Total PSI-90 events: 412.
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Table 1. Baseline Clinician and Hospital Characteristics (N=387)

Variable Mean (SD) or %
Age (years) 38.2(11.4)
Years in current hospital 5.1(4.2)

RN (vs. MD) 78%

Mean shift patient ratio (nurses) 6.4 (1.2)

MBI Emotional Exhaustion 30.2 (8.4)

MBI Depersonalization 12.8 (5.1)

MBI Personal Accomplishment (reverse) 31.5(6.7)

4.2 Analysis of Results

RQI1 (Mediation): MSEM showed that staffing ratio had a significant direct effect on
attrition (¢' = 0.34, p = 0.002) and a significant indirect effect via emotional exhaustion
(indirect = 0.38, 95% CI [0.24, 0.52]), with 68.4% of the total effect mediated by burnout.
Depersonalization was not a significant mediator (indirect = 0.05, p = 0.31). Thus, emotional

exhaustion fully mediates the staffing-attrition relationship.

RQ2 (Patient safety): Negative binomial regression indicated that a 1-patient increase in the
ratio increased PSI events by 34% (IRR = 1.34, 95% CI [1.18, 1.52], p < 0.001). When
baseline burnout (lagged 1 month) was entered, the ratio effect dropped to non-significant
(IRR =1.07, p = 0.22), and each 5-point increase in MBI-EE increased PSIs by 26% (IRR =
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1.26, p < 0.001). This indicates full mediation: staffing ratio harms safety primarily through

clinician exhaustion.

ABM Simulation (RQ3): The cost-minimizing dynamic staffing ratio was 1:4.5 (nurses) and
1:12 (physicians) at baseline, but the model prescribed escalating to 1:5.2 and 1:14 at month
18 to prevent burnout-driven attrition spikes. Static ratio of 1:5.0 without burnout feedback
led to a 31% higher attrition and 22% more PSIs. Incorporating Hossain et al.’s (2023)
predictive analytics framework improved forecast accuracy of attrition by 17%, as their cost-

reduction algorithms were adapted to weight burnout surveillance data.

Qualitative findings: Three themes emerged: (a) “invisible workload” — administrators
underestimated emotional exhaustion because only physical ratios were tracked; (b)
“reactive hiring” — vacancies filled only after attrition, never proactively; (¢) “no burnout
dashboard” — lack of real-time burnout metrics prevented ratio adjustments. Interviewees
endorsed the need for predictive models “like what Hossain describes for costs, but for

people’s exhaustion” (Manager, Site B).
5. Discussion

5.1 Interpretation

This study confirms that emotional exhaustion is the principal mechanism linking
understaffing to both attrition and patient safety failures in safety-net hospitals, consistent
with the JD-R model (Bakker & Demerouti, 2017). The full mediation finding extends prior
work by McHugh and Lake (2018) who observed direct understaffing-safety effects but did
not measure burnout as a mediator. The agent-based simulation provides novel evidence that
static ratios, even when set at recommended levels (e.g., 1:5), become suboptimal within 18
months due to accumulated burnout. This dynamic decay explains why safety-net hospitals

experience “ratio drift” — actual effective ratios worsen despite written policies.
5.2 Implications
e Practical: Safety-net hospitals should implement biweekly MBI-EE screening
(threshold >27) and trigger ratio adjustments (reduce by 0.5 patients per clinician)

Volume 2, Issue 2 (April 2026)
Quarterly Published Journal
DOLI: https://doi.org/10.5281/zenodo.12345678



The Science Post | www.thesciencepost.com

when exceeded. Cost savings: simulation projected $2.1M annual savings per 500-

bed hospital from reduced agency spending and PSI-related penalties.

e Academic: Contributes to healthcare operations research by formalizing a feedback
loop between psychological state and staffing optimization. Validates Hossain et

al.’s (2023) predictive analytics approach in a new domain (clinician distress).

5.3 Limitations

First, the 24-month timeframe may not capture multi-year attrition cycles. Second, hospitals
were all urban Midwestern; rural safety-net hospitals with even fewer resources might show
stronger effects. Third, we did not randomize staffing ratios due to ethical constraints, so
causal inference relies on longitudinal modeling. Fourth, PSIs capture only a subset of safety

events (e.g., not including diagnostic errors).
5.4 Future Research Directions

e Validate the agent-based model in a cluster-randomized trial where intervention
hospitals receive burnout-informed dynamic ratios versus control hospitals receiving

static ratios.

e Extend the model to include social determinants of health (e.g., patient case

complexity) as a moderator of burnout.

e Develop a real-time dashboard integrating EHR workload data with daily MBI short

forms, using reinforcement learning to recommend ratio changes.
6. Conclusion

Clinician burnout is not merely a wellness issue but a core operational variable that mediates
the relationship between staffing ratios, attrition, and patient safety in underfunded safety-
net hospitals. This study developed a predictive model showing that emotional exhaustion
explains over two-thirds of the effect of understaffing on turnover, and that optimal staffing
ratios must increase dynamically over time to offset accumulating burnout. Simulated

adoption of burnout-informed staffing reduced adverse events by 22% compared to static
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ratios.

For policymakers, funding for safety-net hospitals should mandate burnout

surveillance and dynamic ratio adjustment as conditions of reimbursement. For

administrators, the message is clear: ignoring burnout is ignoring patient safety.
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