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Job stress by effort-reward imbalance (ERI) is a predictor of burnout. It is associated with inflammation 
and is a forerunner of distal outcomes, including mortality. Sleep quality, an important association 
between job stress and inflammation, has not been extensively studied. A cross-sectional study was 
conducted to examine the relationship between job stress, subjective sleep quality, and inflammation 
among female nurses. As the primary outcome measure, a composite inflammation score was 
constructed from five interleukins (IL-6, 8, 10, 1β, TNF-α). Among fifty participants (mean age 32 ± 7 
years, work experience 105 ± 8 months), there was poor sleep quality among the high ERI group 
(p = 0.021). Overcommitment (OC), an intrinsic component of the ERI, was related to poor sleep quality 
(β = 0.21, p = 0.025). High OC (β = 2.4, p = 0.025) and increased sleep latency (β = 8.3, p = 0.027) were 
associated with elevated inflammation. There was a significant interaction between ERI and OC on 
inflammation (β = 5.186, p = 0.017) and conditional effects of ERI on OC to inflammation only in the 
high ERI group (p = 0.002), not in the low ERI group (p = 0.839). Composite inflammation scores from 
inflammatory markers may be potential indicators of adverse outcomes in burnout studies among 
healthcare workers.
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Job stress is a predictor of burnout, is associated with adverse physical health, and increases the risk for stress-
related mental disorders1–4. The effort-reward imbalance theory of job stress has two components, an extrinsic 
effort-reward imbalance (ERI) and an intrinsic overcommitment (OC) component5. ERI manifests when social 
reciprocity is breached at work. That is, when the efforts expended are perceived to be high as opposed to the low 
rewards reaped at work, strong negative emotions are evoked along with stress reactions. Healthcare workers are 
more prone to ERI owing to intrinsic job demands, which were only heightened during the COVID pandemic6,7. 
Importantly, high job stress from ERI among nurses is associated with depression propensity and found to be 
associated with burnout8,9. Both ERI and OC are considered high risk for cardiovascular diseases and heightened 
hypothalamus-pituitary-adrenal activity10,11. Despite these consistent associations, biological correlates linking 
job stress to these distal outcomes are mainly lacking. To develop effective targeted interventions that will help 
disengage the progression of job stress to disease states and premature deaths, we need a better understanding of 
biological objective correlates of job stress.

Inflammation is a potential biological objective correlate to both job stress and distal outcomes, including 
death. Job stress is a crucial antecedent to heightened inflammatory states12. Acute and chronic job stress is 
associated with low immunity and specific cytokines such as IL-6 and IL-83,13–15. This relationship among ERI, 
OC, and cytokines is highlighted by recent meta-analytic evidence16. On the other hand, studies assessing 
healthcare workers’ health and patient outcomes have revealed that increased cytokines are associated with 
medical errors17. Importantly, inflammation is found to be a forerunner of mortality18. Thus, inflammation is an 
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essential and modifiable link between job stress and the health outcomes of healthcare professionals and their 
care. However, inflammation can be a more complex correlate, challenging to tamed by a reductionist view. 
Thus, we need additional related factors to explain the variance in job stress-associated inflammation.

Sleep quality is related to job stress, and inflammation and sex differences play an important role in these 
interrelationships. A recent study suggested poor sleep quality among nurses and increased insomnia risk 
in healthcare workers during the COVID outbreak19. On the other end, poor sleep quality is associated with 
biological aging, and depression risks. Poor health outcomes related to sleep disturbances are hypothesized to be 
contribute by activating inflammation20. Hence, identifying specific sleep components related to inflammation 
can provide insights into developing interventions. Such interventions can target malleable sleep regions, thus 
delinking job stress and distal outcomes related to stress. Recently, poor sleep among females has been reported 
to be negatively associated with reproductive outcomes21. Additionally, the interrelation among stress, sleep, and 
inflammation is understood to be more robust in females20. As nurses are more prone to ERI than doctors and 
more than 80% of nurses in India are females, we chose to conduct this study in female nurses22,23. Sleep was 
assessed using self-reported measures, which reflect participants’ perceived rather than objectively measured 
sleep quality.

Traditionally, studies have tested the main and interactive effects of ERI and OC. Less is known about whether 
stress moderates the relation between OC and related outcomes. This notion stems from recent findings on OC 
responsive to different work contexts and is a potential antecedent and a known predictor of ERI24,25. Thus, we 
aimed to explore the conditional effects of ERI on OC and inflammation. Also, to understand to what extent job 
stress correlated with inflammation, we combined select inflammatory markers, IL6, IL8, IL10, IL1 beta, and 
TNF-alpha, known to be associated with ERI and OC and constructed a composite score16,26. The composite 
scoring approach reduces the burden of multiple testing, and importantly, composite inflammatory scores are 
predictive of mortality as evidenced by meta-analyses18.

For this study, we had two specific objectives.

	1.	 To what extent do job stress and sleep quality explain the variance in inflammation?
	2.	 Considering the antecedent effects of OC, what are the conditional effects of ERI in the relation between OC 

and inflammation?

By understanding these interrelations, we can design better-targeted interventions to improve nurses’ health 
and, thus, indirectly improve patient safety. The conceptual depiction of the study is provided in Fig. 1.

Fig. 1.  Conceptual diagram of the study. Panel (a) represents the concept and overview of research questions. 
The shaded area encompasses the interlinks investigated in this study. The dotted dash line from inflammation 
to distal outcomes depicts the potential link described in the literature. Panel (b) depicts the moderator role 
of ERI to be tested in the relation between OC and inflammation (conceptual model). ERI = Effort-reward 
imbalance; OC = Overcommitment from ERI theory of job stress.
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Results
To understand the interrelationships between job stress along with an intrinsic overcommitment (OC) 
component, sleep quality, and inflammation, we first examined to what extent job stress (Effort-Reward 
Imbalance (ERI) and OC) is related to sleep quality. Then we examined to what extent job stress and sleep quality 
explained the variance in inflammation. Finally, we explored whether there are any conditional effects of ERI on 
the relationship between OC and inflammation.

Our study group comprised 50 participants, who were female nurses with a mean age of 32 (± 7) years and a 
mean of 14.98 (± 0.5) years of education. The average work experience of the sample was 105 (± 77) months, that 
is approximately 9 years. The participants worked approximately 45 h a week (± 5) and had 2-night duties (± 3) 
on average in the past month. This significantly differed among ERI groups; those with high ERI had a higher 
number of night duties. All descriptive statistics are depicted in Table 1. Those who had a low ERI had better 
recovery and better wellbeing. No significant differences among the ERI groups were observed for interleukin 
levels or composite inflammation scores.

Supplementary Table 1 describes the obesity and overweight parameters of this sample, namely body mass 
index (BMI), waist-hip ratio (WHR), and percentage body fat (PBF). About 14% were overweight, and 60% were 
obese, based on the Indian Consensus Group27. Only 38% indulged in some physical activity regularly. Of those 
engaged, the mean exercise minutes per week was 66 min. No significant relationship was observed between 
BMI, PBF, or WHR and inflammation or ERI.

To understand whether job stress affected sleep, we looked for differential distributions among sleep quality 
and ERI groups. We observed a significant association between sleep quality and stress groups, χ 2(1) = 4.08, 
p = 0.043. From Table 1, we can infer that the majority of the low-stress group had good quality sleep, and a 
majority of the highly-stressed group had poorer sleep quality. We ran correlations among job stress, sleep, 
and inflammation scores to examine the intercorrelations among the studied variables (Supplementary Fig. 1). 
On exploration of the correlation matrix, sleep quality was positively associated with OC scores and negatively 
associated with wellbeing. OC was negatively associated with recovery scores and the psychological detachment 
facet of recovery scores, suggesting that high OC was associated with poor recovery especially poor psychological 
detachment from work.

High ERI and high OC were associated with poor sleep quality
To understand how much OC and wellbeing explain variance in sleep quality, we performed regression analysis 
with these two variables as predictors. We found that approximately 22% of the variance in sleep quality was 
explained (Supplementary Table 2). High OC was associated with higher sleep scores, indicating poorer sleep 
quality. In contrast, wellbeing had a negative relationship with sleep, suggesting that increased wellbeing was 
associated with good sleep quality.

High overcommitment and increased sleep latency were associated with high inflammation
To understand how much ERI, sleep, and OC explain variance in inflammation, we ran regression models with 
ERI, OC, global sleep quality, and sleep latency as predictors and composite inflammation score as the outcome. 
We chose latency because of the significant relationship between latency and inflammation, as depicted in 
Supplementary Fig. 1.

We found that the model with sleep latency and OC explained 20% of the variance in inflammation scores. 
Both sleep latency and OC were positively associated with inflammation, meaning that increased sleep latency 

Characteristic Overall, N = 501 High ERI, N = 251 Low ERI, N = 251 p-value2

Age (in years) 32 (7) 29 (6) 34 (8) 0.052

Work experience (in months) 105 (77) 83 (65) 127 (83) 0.057

Education (in years) 14.98 (0.5) 15.00 (0.0) 14.96 (0.7) > 0.9

Work hours per week 45.66 (4.9) 46.92 (6.4) 44.40 (2.3) 0.069

Number of night duties in the past month 2.08 (3.3) 3.04 (3.6) 1.12 (2.7) 0.039

Overcommitment scores 15.1 (3.4) 15.9 (3.0) 14.2 (3.6) 0.11

Sleep Quality 0.021

Good 30 (60%) 11 (44%) 19 (76%)

Poor 20 (40%) 14 (56%) 6 (24%)

Recovery scores 54 (9) 51 (8) 56 (8) 0.037

Wellbeing (%) 70 (23) 60 (22) 79 (22) 0.003

Interleukin − 6 9.28 (2.1) 9.31 (2.7) 9.25 (1.5) > 0.9

Interleukin − 8 26 (12) 26 (10) 26 (14) 0.4

Interleukin − 10 4.7 (4.1) 5.6 (4.9) 3.9 (3.0) 0.4

Interleukin − 1beta 0.75 (0.9) 0.96 (1.3) 0.55 (0.3) 0.7

Interleukin - TNF - alpha 16 (9) 15 (9) 16 (8) 0.5

Composite Inflammation Scores 51 (26) 50 (28) 51 (23) > 0.9

Table 1.  Participant characteristics by median Cut-Off of effort reward Imbalance. 1Mean (SD); n (%). 
2Wilcoxon rank sum test; Pearson’s Chi-squared test; Wilcoxon rank sum exact test.
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and high OC were associated with elevated inflammation. This is tabulated in Table 2. To test the robustness of 
our findings, we included age, work experience, BMI, and night duties as covariates in supplementary regression 
models (see Supplementary Table 3). These adjustments did not change the strength or significance of the main 
predictors.

ERI moderated the relationship between OC and inflammation
Finally, we ran a moderation analysis to identify if there are any conditional effects of ERI on the relation between 
OC and inflammation. We conducted moderation analysis using the PROCESS function in R with model 128. 
OC was set as a predictor (X), inflammation score was set as the outcome (Y), and ERI was considered as the 
moderator (W). Moderator ERI was considered with two levels; high and low ERI, based on a median cutoff 
(median ERI = 0.833). We observed significant conditional effects of stress on the relation between OC and 
inflammation; that is, only among those with a high ERI, increasing OC was associated with a steep increase in 
inflammation. There was a significant main effect found between ERI and composite inflammation score, b= 
−85.88, 95% CI [−150.78, −20.98], t=−2.669, p = 0.010, and a nonsignificant main effect of OC on inflammation 
score b = 0.276, 95% CI [−2.46,3.01], t = 0.204, p = 0.839. There was a significant interaction found by ERI on OC 
and inflammation, b = 5.186, 95% CI [0.97,9.39], t = 2.482, p = 0.017. It was found that participants who reported 
higher than median levels of ERI experienced a more significant effect of OC on inflammation (b = 5.462, 95% 
CI [2.158,8.765], t = 3.334, p = 0.002) when compared to median or lower than median levels of ERI (b = 0.276, 
95% CI [−2.457,3.009], t = 0.204, p = 0.839). From these results, it can be deduced that ERI moderates the effect 
of OC on inflammation. The moderation analysis is depicted in Table 3; Fig. 2.

Discussion
We examined to what extent inflammation is a biological correlate of sleep quality and job stress components; 
effort-reward imbalance (ERI) and overcommitment (OC). We hypothesized that high ERI, OC, and poor sleep 
quality would be associated with high inflammation. We constructed a composite inflammation score from five 
interleukins – IL-6, IL-8, IL-10, IL-1beta, and TNF-alpha - and studied its association with ERI, OC, and sleep 
quality in female nurses working in a tertiary care hospital. We found that ERI and OC were associated with poor 
sleep quality and that OC and sleep latency were associated with increased inflammation. In particular, those 
experiencing a high ERI had more pronounced inflammation associated with OC characteristics.

We observed that OC and sleep latency explained the maximum variance in our primary outcome of interest, 
inflammation. This is evidenced by the R squared values in the regression models describing inflammation 
composite scores. Recent work highlighted that OC is highly similar to work-related rumination and that OC 
and psychological detachment are closely related29. Thus, we hypothesize that individuals who overcommit to 
work may find it difficult to detach from work and ruminate about work, thus affecting sleep latency. This notion 
is asserted by our finding in this study that OC was negatively associated with psychological detachment, a facet 
of recovery from work. However, this hypothesis needs to be tested by mediation models in longitudinal and 
intensive longitudinal designs for temporal effects. It was recently noted that sleep helps reset inflammatory 

Y = Inflammation composite scores Coefficient SE t p

Constant iY 39.618 27.35 1.449 0.155

OC (X) b1 0.276 1.36 0.204 0.839

ERI (W) b2 −85.88 32.18 −2.669 0.010

OC*ERI b3 5.186 2.09 2.482 0.017

R2 = 0.277,MSE = 538.3

F(6,43) = 2.741, p = 0.024

Table 3.  Results of moderation analysis. Results from moderation analysis; PROCESS model 1. OC*ERI 
represents interaction between OC and ERI. Sample size = 50. Y = Outcome of interest – Inflammation 
composite scores; X = predictor; OC = Overcommitment; ERI = Effort-Reward Imbalance with two levels-low 
and high; W = moderator.

 

Model 1* Model 2* Model 3*

Characteristic Beta 95% CI1 p-value Beta 95% CI1 p-value Beta 95% CI1 p-value

ERI −6.6 0.37,23 0.7 −7.1 −37,23 0.6 −5.5 −34,23 0.7

Overcommitment 2.6 0.50,4.8 0.017 2.3 −0.01,4.6 0.051 2.4 0.31, 4.4 0.025

Global sleep quality - - - 1.4 −1.7,4.6 0.4 - - -

Sleep latency - - - - - - 8.3 0.99,16 0.027

R² = 0.116; AIC = 467 R² = 0.132; AIC = 468 R² = 0.206; AIC = 463

Table 2.  Regression analysis with inflammation as outcome. Sample size = 50. 1CI = Confidence Interval. 
*Model 1 only job stress components (ERI and overcommitment as predictors; model 2 includes global sleep 
quality and job stress as predictors and model 3 includes sleep latency a facet of global sleep quality.
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activity from the stress and threats encountered during the day30. In these lines, we speculate that increased sleep 
latency may be a barrier to resetting inflammation associated with job stress. To the best of our knowledge, this 
is the first study to find an association between sleep latency and inflammation while assessing job stress models. 
This facet of global sleep quality can be a potential area for intervention while targeting job stress. Future studies 
can test interventions targeting reduced sleep latency to explore whether job stress-associated inflammation can 
be decoupled.

We observed that the association between OC and inflammation was more pronounced in those with a 
high ERI. This is evidenced by the moderation analysis, where the relation between OC and inflammation is 
significant only when there is a high ERI. Holding this notion, those with high ERI can be targeted for mitigating 
OC-associated inflammation in low-resource settings instead of blanket interventions for all those with high OC. 
However, this is limited by high and low ERI levels being drawn for this specific sample. Future studies should 
develop cutoff scores when exploring potential outcomes of interest. The finding that OC is associated with 
inflammation risk in those with high ERI also needs to be tested in other healthcare workers and occupations 
where ERI may be encountered.

We also observed that both ERI and OC were associated with poor sleep quality. This inference was drawn 
from differential distributions of ERI and sleep quality groups and regression with OC and wellbeing, explaining 
significant variance in sleep quality. This is consistent with previous findings that job stress is associated 
with poor sleep quality in nurses and healthcare workers31. This finding is significant because poor sleep can 
drive many downstream ill effects on physical and mental health. Future intervention studies should plan to 
target sleep quality and assess whether it reduces ERI and OC-associated consequences. Alternatively, helping 
participants to balance their efforts and rewards and providing secondary interventions for those with high 
OC can be beneficial. Promoting recovery activities to improve sleep can be tried, as it is known to combat the 
effects of poor sleep on depression, as noted by Ding et al.32. In practice, nurses can be provided a simple OC 
assessment during recruitment, and those overcommitted to work can be screened for sleep quality periodically. 

Fig. 2.  Conditional effects of ERI on overcommitment and inflammation. This figure is a visual representation 
of the moderator effects of ERI in the relation between OC and composite inflammation scores. The blue line 
represents the high ERI group, and the orange represents the low ERI group. High and low ERI groups were 
derived from the median cutoff of ERI (0.833). OC scores on the X-axis range from 6–30, and inflammation 
scores on the Y-axis range from 0-100. ERI = Effort-Reward Imbalance; OC = Overcommitment.
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As OC, sleep quality, and quality of life are intertwined in our findings, nurses can benefit in their quality of life 
as well if sleep quality can be addressed at the right times. This may help to prevent transitioning to burnout 
when encountering ERI during work. As burnout is identified as a potential factor for intention to leave work33, 
targeting the transition to burnout can positively boost employee retention.

We noted that the prevalence of obesity and overweight was higher in this sample than in the Indian females 
in the general population34. This likely reflects broader demographic trends, including the increasing burden of 
obesity among urban women from higher socioeconomic strata in India35,36. Additionally, in this study, those 
who were indulging in physical activity did not meet the WHO guidelines of physical activity (150 min per week), 
as the average was 66 min of activity per week. Although we did not find any significant associations among 
obesity/overweight parameters such as BMI, percentage body fat, or waist-hip ratio with inflammation, one 
cannot undermine the significant association between obesity, inflammation, and cardiovascular risks. Hence 
larger samples may be needed to test whether physical activity will reduce job stress-associated inflammation. 
Furthermore, one study showed that resistance training reduced sleep latency and improved anti-inflammatory 
cytokines37. This can be leveraged in future interventions targeting obesity and sleep latency to see changes in 
inflammation associated with job stress. Studies have mentioned that women with health-promoting lifestyles 
can achieve health-enhancing physical activity levels and improve sleep38. Hence, an overall improvement in a 
healthy lifestyle, including physical activity, can benefit nurses with both obesity and sleep problems.

This pilot study has several limitations that warrant consideration. The small sample size limits generalizability. 
However, as a pilot study, our goal was to explore patterns and feasibility, which this sample size supports. 
Future studies with larger cohorts can validate and extend these findings. We restricted the sample to pre-
menopausal women to reduce hormonal variability in inflammatory and sleep-related outcomes. While this 
enhances internal consistency, it limits applicability to older nurses. Future research should include menopausal 
status as a covariate to improve representativeness. The high prevalence of overweight and obesity in our 
sample could have influenced sleep and inflammation associations. Although this reflects broader demographic 
trends among Indian women, we did not stratify analyses by weight category. Future studies should examine 
obesity-related moderators and physical activity in more depth. Sleep quality was assessed through self-
reported measures, which may introduce cognitive bias, especially under stress. To partly address this, validated 
subjective instruments and their subscales to understand relationships among studied variables. Future studies, 
if complemented with objective assessments such as actigraphy, may provide more nuanced insights into sleep 
quality. While we collected the number of night duties, we did not capture detailed shift classifications (e.g., 
early morning, rotating). This limits our ability to differentiate shift work effects. Future work using finer-
grained shift categorization can shed more light of these effects. Sleep disorders such as apnea or cumulative 
stress history were not assessed and may influence inflammation and can be incorporated in future designs. 
Finally, although the composite inflammation score was constructed from within-sample distributions, limiting 
direct comparability across cohorts, this approach reduced multiple testing and provided a robust summary of 
systemic inflammation. Future longitudinal studies with larger, more diverse samples and objective physiological 
measurements will be critical to validate and build upon these initial findings. However, to our knowledge, this 
is the first study attempting to correlate job stress and sleep quality with inflammation composite scores, which 
is a potential forerunner to mortality.

In conclusion, our study provides a foundational step toward understanding how occupational stress and 
sleep disturbances interact to influence inflammation in nurses. It highlights subjective sleep quality as a 
potential modifiable target, particularly among individuals experiencing high ERI and overcommitment, and 
underscores the need for integrated interventions to mitigate overcommitment-associated inflammation in job 
stress and burnout.

Methods
This study was approved by the Institutional Ethics Committee (ICMR-National Institute of Occupational 
Health) and followed the Declaration of Helsinki (1975). Flyers inviting potential participants to attend 
induction meetings were displayed at a nearby tertiary care hospital. The induction meetings were structured to 
inform the attendees about the need for the study and the significance of this research. We invited female nurses 
involved in clinical work for at least six months to participate in the study. To reduce physiological variability 
associated with menopausal transition, which is known to influence both inflammatory markers and sleep, we 
restricted our sample to pre-menopausal women. We also excluded any participant involved in night duties for 
more than 15 days in the past month. We also excluded participants with any history of untreated major physical 
and psychiatric comorbidities. Considering the ubiquity of COVID infections and their potential to affect 
inflammation, we inquired about the COVID infection status for all the participants. None of our participants 
reported COVID-19 in the past six months. The flow of participants is shown in Fig. 3.

We used convenience sampling to recruit 50 participants from September to November 2022. The primary 
aim of the pilot study was to evaluate the feasibility of the research design, and a sample size of 50 was deemed 
sufficient to gather enough information to inform the design of future studies. Approximately 80% of those 
who attended the meetings expressed interest in participating in the study. After considering inclusion and 
exclusion criteria, written informed consent was obtained. We interviewed and sampled 50 participants who 
were included in the analysis. All interviews were conducted at the workplace.

Demographics and work-related measures
Information on the participants’ age, marital status, work hours, months of work experience, and number of night 
duties in the past three months were captured. We inquired about both current and past smoking and alcohol 
use, and none of the participants reported a history of either. We assessed physical activity by inquiring whether 
participants engaged in any physical activity consistently; if physically active, the type of exercise, its frequency 
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in a week and intensity of exercise were further probed. From this information, we calculated physically active 
minutes in the past week by multiplying activity minutes and the number of days in a week undertaking activity.

The following questionnaires were administered.

Job stress assessment
Job stress was assessed by the effort-reward imbalance8 questionnaire, which captures self-reported scales of 
effort and reward from 16 questions marked on a 4-point Likert scale(strongly disagree, disagree, agree, and 
strongly agree). ERI also has six separate questions to assess overcommitment graded similarly. The effort and 
reward scores obtained from the 16-item questionnaire were used to compute the effort-reward ratio. For this, 
the E/R*c formula was used, where E is the total effort score, R is the total reward score, and c is a correction 
factor for an unequal number of effort and reward items. We used a 16-item questionnaire where effort was 
assessed by six questions and reward by 10, and the correction factor was 0.6. Though many studies report 
effort-reward imbalance as ER ratio greater than 1, we treated ER-ratio as a continuous score. For categorical 
comparisons, we categorized the ER-ratio score by median to derive low and high stress groups. This is because 
ER = 1 is not representative of a clinically validated threshold and using it as a continuous or quantile-based 
categorization is preferred39. High scores in the ER-ratio mean greater effort-reward imbalance, considered 
job stress in this study. Overcommitment scores capture the personal coping pattern from work; higher scores 
indicate high overcommitment to work. The coefficient omega of reliability was 0.87 for ERI and 0.7 for OC.

Recovery from work
Recovery was assessed by the Recovery Experience Questionnaire (REQ)40. This is a 16-item questionnaire that 
assesses how participants recover in their free time after work. REQ is a self-report scale marked in a 5-item 
Likert scale response (strongly disagree, disagree, neutral, agree, and strongly agree). High scores indicate better 
recovery. The REQ has four facets: control, mastery, psychological detachment, and relaxation. The coefficient 
omega of reliability was 0.8 for the REQ.

Sleep quality
Sleep for the past month was assessed by the Pittsburgh Sleep Quality Index (PSQI)41, which is a 9-item 
questionnaire. The responses were coded from a 0–3 scale, and the cumulative scores ranged from 0 to 21. High 
scores indicate poor sleep quality. A cutoff of 5 was considered above which the sleep quality was graded to be 
poor per instructions in the questionnaire. The PSQI assesses sleep in the following seven domains: subjective 
sleep quality, sleep latency, duration, habitual sleep efficiency, sleep disturbances, sleep medication aids, and 
daytime dysfunction.

Fig. 3.  Participants’ schema. This figure represents the flowchart of participants from attending the study 
orientation to the sample included in the final analysis.
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Well-being
Well-being for the past two weeks was assessed by the WHO-5 Well-being Index, a 5-item questionnaire42. This 
captures the experience of positive emotions graded from 0 to 5, with 0 meaning felt at no time and 5 meaning 
experienced at all times. Higher scores indicate better well-being. The total scores range from 0 to 25 multiplied 
by 4 to yield scores ranging from 0 to 100; 0% is the worst quality of life, and 100% is the best possible quality of 
life. A cutoff of 50% was considered below, which the quality of life was graded poor. The coefficient omega of 
reliability was 0.85 for the WHO-wellbeing 5 index.

Blood sampling and ELISA for cytokines
All participants were sampled for 5 ml of venous blood samples under strict aseptic precautions. Blood was 
collected in serum separation tubes. After collection, the samples were centrifuged to separate serum, and serum 
samples were stored at −80 degrees Celsius until further analysis. Serum was tested for IL-6, IL-8, IL-10, IL1 beta, 
and TNF-alpha obtained from Invitrogen (Thermofisher Scientific), USA per the manufacturer’s instructions. 
All the samples were run in duplicates by a trained technician. Raw data for all five cytokines were tabulated to 
construct a composite inflammation score.

Construction of composite scores
All the raw values of five interleukins were converted to z scores by subtracting individual scores from the mean 
values and dividing them by the standard deviation of cytokines. Only for IL-10 with anti-inflammatory activity, 
inverse sign of z-scores were considered, that is, those who were 2 SD more than the mean scores of IL-10 were 
scored (−2). All the z scores were summed up for all the participants to arrive at one single value. These summed-
up z scores were converted to t-scores for better interpretation. For this, we multiplied the sum value by ten and 
added 50. This is a valid method of calculating the composite scores described earlier43,44.

Anthropometry and body composition
Anthropometry measurements and body composition measures such as BMI, WHR and PBF were analyzed 
using an InBody 270 analyzer (Cerritos, CA, USA)45. This is a non-invasive and highly accurate device using 
bioelectrical impedance analysis to measure the body composition. The body composition analysis was 
performed according to the manufacturer’s guidelines.

Statistical analysis
Outliers were considered true values and were included in the analysis. All results are tabulated as the mean and 
SD values unless mentioned otherwise. Assumptions of normality were tested with Shapiro’s test. We tested group 
differences for high (n = 25) and low (n = 25) ERI groups on all demographics, work-related and sleep, recovery 
and scores, and inflammation scores with the Wilcoxon rank sum test and Fisher’s exact tests for continuous and 
nominal variables, respectively. All variables were run to test Spearman correlation and to construct a correlation 
matrix. Linear regression was used to test to what extent predictor variables explain variance in the dependent 
variables. Only variables that showed significant or near-significant differences between ERI groups in univariate 
comparisons were considered for inclusion in the regression models. R-squared values were used to denote 
percentage variance in the outcome variable. Moderator analysis was conducted by the PROCESS function in 
R28. Conditional effects were considered significant if the upper and lower confidence intervals did not include 
zero. Statistical tests were considered significant if p values were < 0.05. All analyses were conducted in R46 and 
plots and figures were generated with ggplot2 package47.

Data availability
The raw data supporting the conclusions of this article can be made available by requests directly to the corre-
sponding authors.
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