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Association Between Burnout, DNA Methylation, and Work Environment Among 
Interprofessional Clinical and Non-Clinical Staff 

 
Sigma Theta Tau/ American Nurses Foundation Grant  

Executive Summary 
 

About 35-54% of nurses and physicians in the U.S. suffer from burnout. 
Healthcare provider burnout has been linked to poor patient outcomes, lower job 
satisfaction, and higher job turnover. Burnout may also negatively impact healthcare 
providers’ own health over the long term. Various environment factors (e.g., workload, 
leadership support, nurse-physician collaboration, etc.) are associated with healthcare 
provider burnout. The recent work environment challenges created by the COVID-19 
pandemic, without doubt, will exacerbate already high levels of healthcare provider 
burnout. Currently, there is a lack of an objective biologic measure of burnout. Findings 
from a recent study shows promise for using DNA methylation (DNAm) as a biomarker 
of burnout; however, further studies are needed to support these findings.  
 
Summary of Project Purpose and Specific Aims 

The purpose of this study was to test the feasibility of using DNA methylation 
(DNAm) as a biomarker to objectively measure levels of interprofessional staff burnout 
and to identify work conditions associated with various levels of burnout, which would 
help inform future implementation of targeted strategies to reduce burnout. This 
collaborative project leveraged an interprofessional team of scientists to: 

1) Examine whether self-reported burnout is associated with DNA methylation 
among clinicians and non-clinicians; 

2) Assess differences in burnout of clinicians and non-clinicians;  
3) Identify pandemic work environment factors associated with various levels of 

clinician and non-clinician burnout. 
 
Theoretical/Conceptual Framework 

Burnout. According to the World Health Organization (2019) and Maslach and 
colleagues (Maslach, Jackson, & Leiter, 1996), burnout is a syndrome conceptualized 
as resulting from chronic workplace stress that has not been successfully managed. It is 
characterized by three dimensions: 1) feelings of energy depletion or exhaustion; 2) 
increased mental distance from one’s job, or feelings of negativism or cynicism related 
to one's job; and 3) reduced professional efficacy. For the purposes of this study, 
burnout was conceptualized as these three dimensions: emotional exhaustion, 
depersonalization, and personal accomplishment included in the Maslach Burnout 
Inventory (Maslach, Jackson, & Leiter, 1996).  

Work Environment. The Areas of Worklife model (Leiter & Maslach, 2003) 
proposes a framework for considering six areas of worklife including workload, control, 
reward, community, fairness, and values that have resonated throughout past and 
current burnout literature. Additionally, the COVID-19 pandemic has profoundly 
impacted the way people work, with potential implications for employees’ health, well-
being, and work engagement. The Pandemic Experiences & Perceptions Survey (Leiter, 
n.d.) allowed for a structured approach to evaluating employees’ perception and 
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experiences of the pandemic work environment conceptualized as workflow disruption; 
adequacy of resources to meet demands; risk perception: impact on worklife areas 
(workload, control, reward, community, fairness, and values); and perceptions of 
leadership.  
 
Methods, Procedures, and Sampling 

Design. A cross-sectional study design was applied. This pilot study helped in 
determining the feasibility of a larger study. 

Study Sample and Setting. This pilot study took place at a non-profit, tertiary 
886-bed hospital and multi-specialty academic health science center located in Los 
Angeles, California.  

Number and Type of Participants. Registered Nurses (RNs) and Medical 
Doctors (MDs) who work in any of the 10 medical-surgical units within the medical 
center were considered to participate as a clinician. The non-clinician sample included 
employees who do not provide direct patient care, such as employees who perform 
administrative/clerical services, environmental/hospitality services, spiritual care 
services, and security services. A total of 56 participants (n=31 clinicians, n=25 non-
clinicians) were recruited for this pilot study using a convenience sampling method.  

Study Measures and Instruments. Self-administered surveys were used in 
conjunction with saliva samples collected from study participants to accomplish the 
study aims for this pilot study.  

Demographic Information. Demographic information, such as participant 
gender, age, race/ethnicity, job title, years worked in this position, years worked in 
position in this organization, education level, and marriage status were included as part 
of the general demographic survey. 

Burnout. The Maslach Burnout Inventory (MBI) was chosen to be used to 
measure self-reported levels of burnout in this study. The human services survey 
version of MBI (MBI-HSS) was used to measure burnout in the participants. The MBI-
HSS includes 22 items and three subscales (emotional exhaustion= 9 items; 
depersonalization= 5 items; personal accomplishment= 8 items). Items in the MBI 
include statements, such as “I feel emotionally drained from my work” and “I have 
accomplished many worthwhile things in this job.” Response options for each of the 
nine items included: “never” (0), “a few times a year” (1), “once a month or less” (2), “a 
few times a month” (3), “once a week” (4), “a few times a week” (5), and “everyday” (6).   

DNA Methylation: A whole-genome bisulfite sequencing (WGBS) - a well-
established protocol to detect methylated cytosine in the DNA - was used to sequence 
DNA and analyze methylation of whole genomes. In this method, genomic DNA is 
treated with sodium bisulfite and then sequenced, providing single-base resolution of 
methylated cytosines in the genome. Upon bisulfite treatment, unmethylated cytosines 
are deaminated to uracils which, upon sequencing, are converted to thymidines. 
Simultaneously, methylated cytosines resist deamination and are read as cytosines. 
The location of the methylated cytosines can then be determined by comparing treated 
and untreated sequences (Illumina, 2021). 

Work Environment Factors. The Areas of Worklife Survey (AWS) is a survey 
created to assess employees' perceptions of work setting qualities that play a role in 
whether they experience work engagement or burnout. The AWS includes 29 items and 
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six subscales (workload= 6 items, control= 3 items, reward= 4 items, community= 5 
items, fairness= 6 items, and values= 5 items), measured on a five‐point Likert scale, 
rated from 1 (strongly disagree) to 5 (strongly agree). Examples of survey items include 
statements such as “I do not have time to do the work that must be done” and “I have 
control over how I do my work”.  

The Pandemic Experience & Perceptions Survey (PEPS) assesses an 
employee’s perception of work settings specifically during pandemics such as COVID-
19 (Leiter, n.d.). For the purposes of this pilot study, only 22 items from the PEPS were 
included: resources= 5 items (rated: completely inadequate [0] to completely adequate 
[4]), risk perception=4 items (rated: no risk at all [0] to life threatening risk [3]), worklife= 
7 items (rated: strongly disagree [1] to strongly agree [5]), and leadership= 5 items 
(rated: not at all [0] to frequently, if not always [4]), to reduce multicollinearity with items 
from the AWS. Examples of PEPS items include statements such as “Please rate the 
adequacy of your protective equipment” and “My organizational management helped 
me feel safe.” 

Data Collection. Survey Data Collection. Participants who consented to the 
study and completed the enrollment process were asked to complete the electronic 
survey which included items from the demographic questionnaire, MBI, AWS, and PEP 
surveys. The electronic survey was made available immediately following the enrollment 
process using a secure REDCap application uploaded on a tablet.  

Saliva Sample Collection. Following completion of the online surveys, the 
participants were asked to submit the saliva sample using the OGD-600 saliva 
collection kit, which was labeled with the participant’s unique participant code. In order 
to ensure that adequate amounts of DNA were extracted, 2 milliliters of saliva were 
collected from each participant, using the ORAgene OGD-600 collection kit.  

Data Analysis. Statistical Analysis. Demographic characteristics and other 
measured variables were summarized for the entire cohort and by group (clinicians, 
non-clinical staff) in a descriptive analysis. Univariate analysis was conducted to 
compare clinicians vs. non-clinicians. Bivariate analysis was conducted to assess 
relationship between the work environment factors and the three subcategories of 
burnout. For the multivariable models, all statistically significant bivariate results (p < 
0.05) were included in the multivariable analysis conducted using a forward stepwise 
selection procedure based on minimizing Akaike's information criterion (AIC). The 
models were further pruned by limiting the variables to those with a significance level of 
p<0.05. All statistical analyses were conducted using SAS 9.4. Once the DNAm 
analysis results become available, a regression with DNA methylation and MBI scores 
as the outcome will be fit with group (clinician vs. non-clinical staff) as an explanatory 
factor to evaluate the relationship between the work environment and burnout of 
clinicians vs. non-clinical staff. 

DNA Methylation Analysis. DNAm analysis was conducted by the Applied 
Genomics, Computation & Translational Core Laboratory at Cedars Sinai Health 
Systems.  
 
Summary of Findings 
 Participant Characteristics. On average, clinicians were aged 38.3 years and 
had 7.6 years of work experience in the current unit/department. The majority of 
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clinicians were female (71%); white/Caucasian (54.8%); held bachelor’s degree (45.1%) 
and/or master’s degrees (22.6%) or MD degree (19.4%); and not married (58.1%). Non-
clinicians were aged 41.8 years and had 7.9 years of work experience in the current 
unit/department. The majority of non-clinicians were female; white/Caucasian (44%); 
held bachelor’s degrees (32%), followed by high school degrees (28%), or master’s 
degrees (24%); and married (64%).  

 
Table 1. Participant Demographics, Burnout, and Perceptions of Work Environment    

   Clinician (n=31)  Non-Clinician (n=25) 
   n (%) M (SD)  n (%) M (SD) 
Participant Demographics 
    Age (years)   38.3 (9.7)   41.8 (12.6) 
    Work Experience in Current   

Unit/Department (years)   7.6 (6.6)   7.9 (5.0) 

    Gender        
        Male  9 (29.0%)     5 (20.0%) 
        Female  22 (71.0%)     20 (80.0%) 
    Race        
        White/ Caucasian  17 (54.8%)    11 (44.0%)  
        Black/African American  1 (3.2%)    6 (24.0%)  
        Asian  11 (35.5%)    5 (20.0%)  
        Other  2 (6.5%)    3 (12.0%)  
    Education Level          
        High School  0 (0.0%)   7 (28.0%)  
        Associate Degree  4 (12.9%)   1 (4.0%)  
        Bachelor’s degree  14 (45.1%)   8 (32.0%)  
        Master’s Degree  7 (22.6%)   6 (24.0%)  
        PhD/ Other Doctoral Degree  0 (0.0%)   2 (8.0%)  
        MD  6 (19.4%)   0 (0.0%)  
        Other  0 (0.0%)   1 (4.0%)  
    Marital Status       
        Not Married      18 (58.1%)   9 (36.0%)  
        Married  13 (41.9%)   16 (64.0%)  
Burnout (Scale: 0-6)* 
    Emotional Exhaustion    3.3 (1.3)   2.6 (1.2) 
    Depersonalization   2.1 (1.4)   0.7 (0.8) 
    Personal Accomplishment   4.4 (0.9)   4.6 (1.1) 
Shifts Missed Due to   
Stress/ Illness in Past 3 Months   3.7 (2.9)   2 (1.7) 

Perceptions of the Work Environment 
    Workload (scale:1-5)   3.0 (0.6)   3.1 (0.6) 
    Control (scale:1-5)   3.5 (0.7)   3.7 (1.0) 
    Reward (scale:1-5)   3.3 (0.8)   3.7 (0.8) 
    Community (scale:1-5)   3.6 (0.8)   3.6 (0.8) 
    Fairness (scale:1-5)   3.0 (0.8)   3.0 (0.9) 
    Value (scale:1-5)   3.5 (0.7)   3.9 (0.7) 
    Resource (scale:0-4)   2.9 (0.9)   3.2 (0.7) 
    Risk Perception (scale:0-3)   1.4 (0.6)   0.9 (0.5) 
    Worklife (scale: 1-5)   3.8 (0.6)   3.7 (0.8) 
    Leadership (scale:0-4)   2.9 (0.8)   3.1 (0.8) 
* Burnout rated on scale of 0-6: 0=never, 1= few times a year or less, 2=once a month or less, 3= few 
times a month, 4=once a week, 5 a few times a week, 6=everyday 
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Univariate Analysis Results: Burnout Among Clinicians and Non-Clinicians.  
Clinicians reported higher levels of emotional exhaustion (p=0.047) and 

depersonalization (p<0.001) as compared to non-clinicians, while no statistically 
significant differences were reported in personal accomplishment between the two 
groups.   
 
Table 2. Burnout Among Clinicians and Non-Clinicians 

BURNOUT  
(Scale 0-6) 

Clinicians (n=31) 
M (SD) 

Non-Clinicians (n=25) 
M (SD) 

p-value 

Emotional Exhaustion (EE)  3.26 (1.28) 2.58 (1.20) 0.047 
Depersonalization (DP) 2.09 (1.35) 0.74 (0.75) <0.001 
Personal Accomplishment (PA) 4.37 (0.85) 4.56 (1.09) 0.389 

 
Bivariate Analysis Results: Pandemic Work Environment Factors 

Associated with Burnout Among Clinicians vs. Non-Clinicians. The preliminary 
results of the bivariate analysis evaluating the relationship between the pandemic work 
environment and burnout among clinicians and non-clinicians (Aims #2 and #3) are 
described below. 

Pandemic Work Environment Factors Associated with Emotional 
Exhaustion. Results of a bivariate analysis showed statistically different associations 
between the pandemic work environment factors and emotional exhaustion for clinicians 
vs. non-clinicians. Results showed that lower reward (p=0.027), community (p=0.010), 
fairness (p=0.007), value (p=0.002), worklife (p=0.012), and leadership (p=0.028) 
scores were associated with higher levels of emotional exhaustion for clinicians, while 
only higher workload (p<0.001) score was associated with higher levels of emotional 
exhaustion for non-clinicians. 

Pandemic Work Environment Factors Associated with Depersonalization. 
Results of a bivariate analysis also showed statistically different associations between 
the pandemic work environment factors and depersonalization for clinicians vs. non-
clinicians. While lower control (p=0.016), community (p=0.043), fairness (p<0.001), 
value (p=0.004), resource (p=0.022), and risk perception (p=0.023) scores were 
associated with statistically significant higher levels of depersonalization for clinicians, 
there were no pandemic work environment factors associated with significantly higher 
levels of depersonalization for non-clinicians.  

Pandemic Work Environment Factors Associated with Personal 
Accomplishment. There were also statistically different associations between the 
pandemic work environment factors and personal accomplishment for clinicians vs. non-
clinicians. Higher community (p=0.014), value (p<0.001), and worklife (p=0.027) scores 
were associated with statistically significant higher levels of personal accomplishment 
for clinicians, while higher reward (p=0.034) and leadership (p=0.021) scores were 
associated with statistically significant higher levels of personal accomplishment for 
non-clinicians. 
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Table 3. Pandemic Work Environment Factors Associated with Burnout (Emotional Exhaustion, 
Depersonalization, Personal Accomplishment) Among Clinicians and Non-Clinicians  

EMOTIONAL EXHAUSTION  DEPERSONALIZATION PERSONAL 
ACCOMPLISHMENT 

Work 
Environment 

Factors 
Associated 

with Burnout 

Clinicians 
(n=31) 

Non- 
Clinicians 

(n=25) 

Clinicians 
(n=31) 

Non-
Clinicians 

(n=25) 

Clinicians 
(n=31) 

Non- 
Clinicians 

(n=25) 
 

b p-value b p-value b p-value b p-value b p-value b p-value 
Workload 3.26 0.386 10.52 0.001 1.53 0.490 1.19 0.328 1.05 0.637 0.61 0.830 
Control -5.66 0.063 -3.10 0.177 -4.24 0.016 -1.12 0.157 2.02 0.269 2.03 0.276 
Reward -6.02 0.027 -3.66 0.164 -2.65 0.104 -1.03 0.261 2.86 0.078 4.36 0.034 

Community -6.67 0.010 -1.55 0.580 -3.15 0.043 -0.71 0.465 3.78 0.014 3.99 0.067 
Fairness -6.52 0.007 -1.54 0.562 -4.46 0.001 -0.71 0.441 2.55 0.082 2.33 0.271 

Value -8.27 0.002 -0.45 0.892 -4.53 0.004 -0.68 0.559 5.46 0.000 4.60 0.078 
Resource -3.87 0.102 -4.46 0.157 -3.12 0.022 -0.66 0.551 1.51 0.283 1.10 0.670 

Risk Perception -6.88 0.058 2.04 0.640   -4.78 0.023   0.78 0.607   3.20 0.138 -1.17 0.739 
Worklife -8.94 0.012 -5.08 0.056 -3.82 0.075 -0.60 0.530 4.69 0.027 2.44 0.267 

Leadership -5.75 0.028 -2.31 0.430 -2.25 0.154 -1.28 0.201 2.56 0.104 5.15 0.021 
 

Linear Regression Analysis Results: Pandemic Work Environment Factors 
Contributing Most to Clinician Burnout. A forward stepwise linear regression model 
was used to identify predictors that contribute most to higher levels of emotional 
exhaustion and depersonalization. There were no specific predictors that contributed 
most to lower levels of personal accomplishment.  

Pandemic Work Environment Factors Associated with Emotional 
Exhaustion. Starting with the 9 work environment factors, the forward stepwise linear 
regression analysis identified two predictors that contribute most to higher levels of 
emotional exhaustion for clinicians as compared to non-clinicians, which were higher 
workload and lower community. 

Pandemic Work Environment Factors Associated with Depersonalization. 
Starting with the 8 work environment factors, the forward stepwise linear regression 
analysis identified two predictors that contribute most to higher levels of 
depersonalization for clinicians as compared to non-clinicians, which were lower control 
and lower resources.  
 
Recommendations 

Findings from this study showed that different aspects of the work environment 
impact various levels of burnout for clinicians and non-clinicians. However, “one-size-
fits-all” approaches are often applied as remedies for burnout, regardless of the source 
or drivers of burnout. While there is no panacea, our study underscores the importance 
of a comprehensive and tailored program aimed at improving various aspects of the 
work environment that can meet the needs of both clinicians and non-clinicians alike. 
Additionally, targeted strategies including clinician peer support groups to improve a 
sense of community and shared decision-making opportunities to enhance feelings of 
control may be helpful in decreasing emotional exhaustion and depersonalization 
among clinicians.  
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Due to challenges related to the COVID-19 pandemic during the implementation 
of the study (e.g., research activities on hold, laboratory closures, staffing shortages, 
etc.), data collection and analysis (e.g., DNAm analysis) were delayed from the 
proposed timeline. While some business operations have resumed during the study 
timeframe, we continued to face challenges due to COVID variants and limited 
resources including staffing shortages. As such, we were unable to complete study Aim 
#1 assessing the relationship between the DNAm, self-reported levels of burnout, and 
the pandemic work environment within the timeframe of the proposed timeline. The 
results of Aim #1 will be reported upon completion of the full analysis. Future studies 
conducted during pandemics and other catastrophic events should consider planning for 
extended study timeframes to allow for unforeseen challenges.  

Furthermore, due to above mentioned challenges, we were not able to recruit the 
anticipated number of study participants for a sample size to sufficiently power all the 
data analyses. Nonetheless, the topic of healthcare worker burnout and wellness has 
gained much interest, particularly during this pandemic. Lessons learned from this 
feasibility study will provide guidance on improved participant recruitment strategies for 
future studies.  

Despite the limitations of this pilot study, we were able to identify differences in 
burnout of clinicians and non-clinicians and identify potential pandemic work 
environment factors associated with various levels of clinicians and non-clinician 
burnout. Future studies using a larger sample size would certainly help support findings 
from this study. Lessons learned from this pilot study may also facilitate implementation 
of a larger multi-site study to guide future efforts to enhance the work environment for 
various healthcare worker groups to mitigate the negative effects of burnout and 
promote wellbeing. 
 
Financial Summary 

The total award amount was $7,500; however, our direct cost was $7,000 which 
was used to pay for part of the DNA methylation analysis. The total amount received to 
date is $6,500. We would like to request the remaining $500 payment to be issued upon 
receipt of final report. 
 
Testimonial  

The purpose of this study was to test the feasibility of using DNA methylation 
(DNAm) as a biomarker to objectively measure levels of interprofessional staff burnout 
and to identify work conditions associated with various levels of burnout. Funding 
provided through the Sigma Theta Tau and the American Nurses Foundation’s 
(STT/ANF) grant has supported the successful completion of the preliminary DNA 
methylation analysis as part of the proposed study. These findings will facilitate 
implementation of a larger multi-site study to guide future efforts to develop and 
maintain a safe practice environment for nurses and other health care personnel, which 
aligns well with the STT/ANF commitment to advocating for the wellness of healthcare 
providers through a healthy work environment.  
 
 
  



8 
 

References 
 
Illumina. (2021). Whole-genome bisulfate sequencing: Efficient nanogram-scale library  

preparation, sequencing, and analysis of DNA methylation. Retrieved from 
https://www.illumina.com/content/dam/illumina-
marketing/documents/products/appnotes/appnote-methylseq-wgbs.pdf 

 
Leiter, M. P. (n.d.). Pandemic experiences and perception survey. Retrieved from  

https://www.mindgarden.com/346-pandemic-experiences-perceptions-survey 
 
Leiter, M. P., & Maslach, C. (2003). Areas of worklife: A structured approach to  

organizational predictors of job burnout. Research in occupational stress and well 
being, 3(1), 91-134. 

 
Maslach, C., Jackson, S. E., & Leiter, M. P. (1996). MBI: Maslach burnout inventory.  

Sunnyvale, CA: CPP, Incorporated. 
 
World Health Organization. (2019). Burn-out an "occupational phenomenon":  

International Classification of Diseases. Retrieved from 
https://www.who.int/mental_health/evidence/burn-out/en/. 
 


