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Abstract

Few studies have examined shiftwork adaptation among police officers or potential differences in 

disease biomarkers among adapted and maladapted shiftworkers. This study characterized 

shiftwork adaptation among 430 police officers from the Buffalo Cardio-Metabolic Occupational 

Police Stress (BCOPS) study. Police officers working fixed night shifts with symptoms 

characteristic of adaptation and maladaptation were identified using latent class analysis (n = 242). 

Two approaches were applied, one with police-specific symptoms and another using more general 

symptoms as shiftwork adaptation indicators. Biomarkers of inflammation, heart rate variability, 

and cardiometabolic risk were then compared between shiftwork adaptation groups, and with 

officers working day shifts, after adjusting for confounding. When analyses included police-
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specific symptoms, maladapted shiftworkers (n = 73) had more self-reported stress, sleep 

disturbances, fatigue, and less social support than adapted shiftworkers (n = 169). Using more 

general symptoms, maladapted officers (n = 56) reported more stress and depression, and less 

social support than adapted officers (n = 186). In police-specific models, adjusted (least-squares) 

means (± standard error) of circulating interleukin-6 (IL-6) concentrations in maladapted officers 

(0.8 ± 0.1 ln[pg/ml]) were modestly elevated relative to adapted shiftworkers (0.7 ± 0.1 ln[pg/ml], 

p = .09) and relative to permanent day workers (0.5 ± 0.1 ln[pg/ml], p ≤ 0.01), and leptin levels in 

maladapted officers (9.6 ± 0.1 ln[pg/ml]) exceeded those in the adapted (9.4 ± 0.1 ln[pg/ml], p ≤ 

0.01) and day shift groups (9.4 ± 0.1 ln[pg/ml], p = .03). In the general model, adjusted mean 

tumor necrosis factor-alpha (TNF-α) concentrations among maladapted officers (5.6 ± 0.23 pg/ml) 

exceeded the adapted (4.8 ± 0.2 pg/ml, p ≤ 0.01) and day workers (5.0 ± 0.2 pg/ml, p = .04), and 

insulin among maladapted officers was higher (2.4 ± 0.1 ln[uu/ml]) than the adapted group (1.8 ± 

0.1 ln[uu/ml], p = .03). No differences were observed for the other biomarkers. The results suggest 

that maladaptation among police officers working fixed night shifts may lead to increases in leptin, 

insulin, IL-6, and TNF-α; however, the cross-sectional design and possible residual confounding 

preclude interpretation of cause and effect. Prospective studies are planned to further characterize 

the relationship between shiftwork maladaptation and biomarkers of chronic disease risk in this 

police officer cohort.
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Introduction

Law enforcement is among the most dangerous and stressful occupations (Purba and Demou 

2019; Syed et al. 2020; Violanti et al. 2017). Occupational hazards encountered by police 

include: physically and psychologically demanding working conditions (violence, physical 

exertion, injuries, pain, fatigue), potential exposure to hazardous materials and infectious 

agents, and irregular sleep/wake schedules. Police work is associated with increased 

mortality relative to the general population, as well as increased risks for major chronic 

diseases (metabolic syndrome, cardiovascular disease [CVD], cancer) and psychological 

disorders (Andrew et al. 2008; Hartley et al. 2011a, 2011b; Joseph et al. 2009; Rostami et al. 

2019; Syed et al. 2020; Tharkar et al. 2008; Violanti et al. 2009, 2006b, 1998; Wirth et al. 

2013).

Shiftwork is a critical aspect of law enforcement and other critical work sectors that require 

continuous vigilance, such as military service, and contributes to the adverse health and 

safety impacts encountered among those workers (Fischer et al. 2017; Violanti et al. 2017). 

Approximately 15–30% of U.S. workers’ timetables are outside the typical daytime work 

schedule of ~06:00–18:00 h (Alterman et al. 2013; Caruso 2014). Shiftwork forces 

rearrangement of the schedule of sleep and wakefulness, leading to dysregulation of 

circadian rhythms, with associated immune, endocrine, metabolic, psychological, and social 

impacts (Faraut et al. 2013; Proper et al. 2016; Sack et al. 2007; Violanti 2012; Wyse et al. 
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2017). Shiftwork has been associated with increased levels of biomarkers of inflammation as 

well as metabolic and autonomic nervous system dysregulation (Andrew et al. 2017; Canuto 

et al. 2013; Esquirol et al. 2009; Fink 2020; James et al. 2017; Jarczok et al. 2013; Puttonen 

et al. 2011; Ulhoa et al. 2015; Zimberg et al. 2012). Changes in these measures are 

associated with increased risks for diseases that are observed among law enforcement 

officers and other shiftwork employees (Elenkov 2008; Licht et al. 2013; Puttonen et al. 

2010, 2011; Reutrakul and Knutson 2015; Sookoian et al. 2007; Zimberg et al. 2012).

Despite the evidence linking shiftwork to adverse health outcomes, some individuals adapt 

to shiftwork better than others. This concept was introduced in 1979 and was defined as the 

ability to adapt to shiftwork without adverse consequences (Andlauer et al. 1979). Factors 

associated with shiftwork adaptation include circadian preference (chronotype), sleep 

flexibility, positive affect, beneficial family and social relationships, low work demands, and 

certain genetic traits (Arendt 2010; Boudreau et al. 2013; Burch et al. 2009; Drake et al. 

2015; Gamble et al. 2011; Lammers-van Der Holst and Kerkhof 2014; Natvik et al. 2011; 

Reinberg and Ashkenazi 2008; Reszka et al. 2013; Saksvik-Lehouillier et al. 2015; Saksvik 

et al. 2011; Sulkava et al. 2017; Tamagawa et al. 2007). However, there is scant objective 

evidence indicating the extent to which maladapted shiftworkers are at greater risk of disease 

relative to adapted shiftworkers. This may be due in part to the lack of a consensus definition 

for shiftwork adaptation; however, it can be operationalized as an absence of shiftwork-

associated stress, fatigue, sleep disruption, psychological disturbances, and related 

symptoms or stressors (Andlauer et al. 1979; Ritonja et al. 2019; Saksvik et al. 2011).

Few investigations have examined shiftwork adaptation among police officers, or potential 

differences in disease biomarkers among adapted and maladapted shiftworkers in law 

enforcement or in other occupations (Kecklund et al. 2008; Lammers-van Der Holst and 

Kerkhof 2014; Willis et al. 2008; Wirth et al. 2011). The Buffalo Cardio-Metabolic 

Occupational Police Stress (BCOPS) study provided a useful framework for addressing 

these objectives (Violanti et al. 2006a). First, latent class analysis (LCA) was applied to 

officers working evenings and nights using a series of ‘symptom indicator variables’ as 

surrogate measures to classify shiftworkers as either adapted or maladapted (i.e., in the 

absence of a direct measure of shiftwork adaptation). Those working permanent day shifts 

were excluded from this analysis because the focus was only on shiftworkers and their 

symptoms of adaptation or maladaptation. Next, analyses were performed to identify traits 

or other inherent characteristics that predicted membership in groups designated as adapted 

and maladapted. The final analyses determined the extent to which biomarkers of 

inflammation (C-reactive protein [CRP], interleukin-6 [IL-6], tumor necrosis factor-alpha 

[TNF-α], fibrinogen), heart rate variability (HRV), and cardiometabolic risk indicators (high 

density lipoprotein [HDL], low density lipoprotein [LDL], triglycerides, glucose, systolic 

blood pressure, diastolic blood pressure, waist circumference, hemoglobin A1C, insulin, 

adiponectin, leptin) differed between adapted and maladapted shiftworkers. These 

biomarkers target diseases observed among police officers and other occupations that 

involve shiftwork. The biomarker analyses also included officers working permanent days as 

an additional comparison group to further determine whether adapted workers are more 

similar to those working day shifts, and if maladapted workers may be at greater disease risk 

relative to those working days. The following hypotheses were tested: (1) symptom 
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indicators can be used to identify groups of shiftworking police officers with and without 

characteristics of shiftwork adaptation; (2) officers adapted to shiftwork have lifestyle 

characteristics or personality traits that differ from maladapted shiftworking police officers, 

and (3) officers adapted to shiftwork have different levels of inflammation, HRV, or 

cardiometabolic risk factors relative to maladapted officers or those working day shifts.

Methods

Participants

Study participants were officers enrolled in the Buffalo Cardio-Metabolic Occupational 

Police Stress (BCOPS) study. The BCOPS study is a cross-sectional study with a 

prospective component designed for investigating associations between occupational 

stressors and psychological or physiological health indicators (Violanti et al. 2006a). 

Specifics regarding recruitment, data collection, and methods are described elsewhere 

(Hartley et al. 2011a; Violanti et al. 2006a). A total of 710 police officers working in the 

Buffalo, New York Police Departments were invited to participate in the study, of which 430 

officers agreed to participate and were examined between June 4, 2004 and October 2, 2009. 

Participants were evaluated during the normal business hours of a clinic visit scheduled on 

an off day. Questionnaires were administered to collect information on demographics such 

as age, gender, education, rank, psychosocial factors, and lifestyle behaviors. Officers were 

asked to provide a detailed medical history and to self-report current medication usage. 

Additionally, 10 h fasting blood samples were collected. All measures were collected during 

an off day and not directly following an afternoon or night shift. The BCOPS study received 

Institutional Review Board approval from The State University of New York at Buffalo and 

the National Institute for Occupational Safety and Health, and the protocol conforms to 

international ethical standards (Portaluppi et al. 2010). All participating officers provided 

written informed consent. Initial analyses using latent class analysis (LCA) included a total 

of 242 officers working either evening or night shifts. Subsequent biomarker comparisons 

examined among adapted and maladapted shiftworkers as well as a group of permanent day 

shift workers; those analyses included 430 participants.

Shiftwork

Daily shiftwork histories were obtained from electronic payroll records for each officer from 

1994 or the start of employment to the date of study participation between 2004 and 2009 

(Violanti et al. 2009). A typical work cycle consisted of 4 workdays, 3 off days, 3 workdays, 

3 off days, and then the cycle was repeated. Officers generally worked fixed shifts but 

occasionally were assigned to a different shift on a temporary basis. A previous examination 

of work start time distributions demonstrated consistency with standard shift start times of: 

07:00 or 08:00 h for the day shift, 16:00 h for the evening shift, and 20:00 or 21:00 h for the 

night shift (Weder et al. 2014). Work start times that fell outside these standard start times 

were assigned to shifts according to the following criteria: day (04:00–11:59 h), evening 

(12:00–19:59 h), or night shift (20:00–03:59 h) (Violanti et al. 2008; Wirth et al. 2017). 

Total cumulative hours of work on day, evening, or night shifts were individually 

summarized for each participant over their entire available work history. The shift that a 

participant spent a majority of his or her time working (i.e., the shift that had the largest 
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percentage of total hours worked) was assigned as their dominant, long-term work shift (day, 

evening, or night).

Questionnaires

Participants completed self- and interviewer-administered questionnaires to provide 

information on sociodemographic (age, sex, race, years of service, and education), lifestyle 

behaviors (alcohol consumption, dietary factors, tobacco consumption, and physical 

activity), and medical history. Officers reported highest level of education attained, number 

of years employed as a police officer, and current rank (Police Officer, Sergeant/Lieutenant/

Detective). Weekly consumption of alcoholic beverages (one 12oz can or bottle of beer, a 

medium glass of wine, or a shot of liquor) was obtained. Work activity was assessed using 

the Seven-Day Physical Activity Recall (PAR) questionnaire, an interviewer-administered 

questionnaire developed in the Stanford Five-City Project, and reported as the duration 

(hours/week and hours/weekend) and intensity (moderate, hard, and very hard) of physical 

activity during the previous seven days (Sallis et al. 1985). Work activity was dichotomized 

as high work activity versus low or moderate activity.

Each participant completed several psychometric instruments. Sleep was characterized using 

the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al. 1989), which consists of nineteen 

self or bed partner-rated questions that are used to characterize sleep: quality, onset latency, 

duration, efficiency, as well as sleep disturbance, sleep medication use, and daytime 

dysfunction. The global sleep score is a composite of the seven components, with higher 

scores indicating poorer sleep quality. A global score >5 was used as the cutoff for poor 

overall sleep (Buysse et al. 1989; Grandner et al. 2006).

The Spielberger Police Stress Survey (SPPS) (Spielberger et al. 1981) is a 60-item measure 

that was used to characterize specific sources of police work stress on a scale ranging from 

0–100, with higher scores representing more stress. For each item, officers were asked to 

estimate the frequency with which they experienced the event in the previous month and 

year; however, for this analysis, scores across the 60 items were summed to obtain a total 

stress rating. In some cases, the three subscale scores were used instead of the total stress 

rating: (1) administrative and organizational pressure, which measures satisfaction with 

departmental policies and procedures plus fairness of rewards, performance, and judicial 

system; (2) physical and psychological threats, which measures dangerous situations and 

experiences; and (3) lack of support, which includes political pressures and relationships 

with supervisors and coworkers). Each subscale has acceptable internal consistency 

(Cronbach’s alpha > 0.90) (Spielberger et al. 1981).

Vital exhaustion (VE) was assessed using the 10-item Maastricht Questionnaire, which has 

three dimensions, i.e., feelings of: (1) excessive fatigue and lack of energy; (2) increasing 

irritability; and (3) demoralization (Appels and Mulder 1988). Perceived stress was 

measured using the 10-item Perceived Stress Scale (PSS), which is a validated and widely 

used instrument that measures the perception of stress (Cohen et al. 1983). Perceived stress 

is calculated by summing all item responses that range in scores from 0–5 (never, almost 

never, sometimes, fairly often, and very often). Higher scores represent higher levels of 

perceived stress. Depression was measured using the Center for Epidemiologic Studies 
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Depression Scale (CESD) (Van Dam and Earleywine 2011). Participants with a score ≥16 

are considered to have depression. Social support (SS) was measured using the Social 

Provision Scale, which consists of 22 items that were developed to assess six provisions of 

social relationships (Cutrona and Russell 1983). A total score was derived by summing the 

score of all six provisions, with higher scores representing higher social support. For this 

analysis, participants with a total score <75% percentile were considered to have low social 

support.

Personality traits were measured using the Neuroticism-Extraversion-Openness Five-Factor 

Inventory (NEO-FII) (Costa and McCrae 1989; Zillig et al. 2016), which is a shortened 

version of the NEO Personality Inventory that includes the following traits: neuroticism, 

openness to experience, extraversion, conscientiousness, and agreeableness. Each item is 

rated on a five-point Likert scale, ranging from strongly disagree to strongly agree. Higher 

scores indicate a stronger presence of a given trait.

Hardiness was assessed using the 15-item instrument developed by Bartone (2007), which is 

comprised of three dimensions, including control (belief one is capable of managing 

stressful events), commitment (ability to find meaning in stressful events), and challenge 

(ability to interpret stressful events as opportunities). Each item is rated on a four-point 

Likert scale that ranges from not at all true to completely true. A summary score is obtained 

by appropriately coding and summing all 15 items.

The Family Environment Scale (FES) is a 90-item measure that assesses perceived family 

interactions using three dimensions of the family and its social environment (relationships, 

personal growth, system maintenance) (Charalampous et al. 2013). It is comprised of 10 

subscales (cohesion, expressiveness and conflict, independence, achievement orientation, 

intellectual-cultural orientation, active-recreational orientation, moral religious emphasis, 

and organization and control). Total scores (range: 0–9) are obtained by adding each value in 

the respective subscale; higher scores indicate a higher degree of perceived family 

interaction for the specified dimension.

Biomarkers

Standardized laboratory assays were used to quantify inflammatory cytokines (IL-6, TNF-α, 

fibrinogen, and CRP), as well as cardiometabolic measures (HDL, LDL, triglycerides, 

fasting glucose, insulin, adiponectin, and leptin). Fasting 10 h blood samples were obtained 

in the morning (i.e., prior to 0830) from all participants by a trained phlebotomist. The 

samples were then sent to Kalieda Laboratory (Buffalo, NY) for analysis. IL-6 (pg/ml), 

TNF-α (pg/ml), fibrinogen (mg/dl), and CRP (mg/l) were measured at the University of 

Vermont Laboratory for Clinical Biochemistry Research (McCanlies et al. 2011; Wirth et al. 

2017). Portions of the blood were saved and stored in 0.05 ml cryovials frozen at −80°C. 

IL-6 was measured using a solid-phase quantitative sandwich enzyme-linked 

immunosorbent assay (ELISA) provided by R&D Systems, Inc., Minneapolis, MN. The 

lower limit of quantification for the IL-6 assay is 0.16 pg/ml, and the upper quantification 

range is between 10.0 and 12.0 pg/ml. The normal range for IL-6 is 0.24–12.5 pg/ml, and 

the inter-assay coefficient of variation (CV) ranged from 8% to 12%. The normal range for 

TNF-α and fibrinogen is <5.6 pg/ml and 200–393 mg/dl, respectively. The assay for high-
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sensitivity CRP was performed using the BNII nephelometer from Dade Behring using an 

immunonephelometric technique (range: 0.16–1100 mg/l). CRP concentrations in healthy 

individuals are typically ≤3 mg/l. Five percent of all samples were reanalyzed for quality 

control purposes. Inter-assay CVs ranged from 2.1% to 5.7%. Further details regarding the 

collection and analysis of these measures are provided elsewhere (McCanlies et al. 2011). 

Briefly, cardiometabolic biomarkers were measured using the Beckman Coulter LX20 

clinical chemistry analyzer (Mikolaenko et al. 2000). Insulin was measured using a 

chemiluminescent microparticle immunoassay (CMIA) test using the ARCHITECT 

i1000SR System. The normal range for insulin is 2–20 uu/ml (Jennings et al. 2007). The 

presence of metabolic syndrome was defined based on the National Cholesterol Education 

Program Adult Treatment Panel guidelines; individual components include abdominal 

obesity, reduced HDL, elevated triglycerides, elevated blood pressure, and glucose 

intolerance. The presence of at least three components is considered diagnostic for metabolic 

syndrome (NCEP 2002).

HRV measures were derived by electrocardiography (ECG) using a standardized protocol as 

described previously (Andrew et al. 2013; Camm et al. 1996). ECG measures were obtained 

from a three-electrode lead during the clinical examination. Participants were supine and 

resting for 5 min prior to ECG data being collected between 09:15 and 12:00 h, depending 

on the participant’s scheduled clinic visit. Each time series was processed using an 

automated data-adaptive QRS detection package. Data editing included visual inspection of 

the ECG time series overlaid with QRS markers and hand-editing of R wave markers where 

needed (Andrew et al. 2013). The resultant RR time series were processed using cubic spline 

interpolation to provide a time series with equal sample increments at two samples per 

second. The interpolated time series were then detrended using a smoothness priors method 

(Tarvainen et al. 2002). Spectral analyses were performed using an autoregressive order of p 
= 16 (Boardman et al. 2002). Following these analyses, high frequency (HF) and low 

frequency (LF) components of HRV, as well as time-domain indices; standard deviations of 

all RR intervals (SDRR), and the square root of the mean squared differences of successive 

RR intervals (RMSSD) were obtained. HF was defined as the area under the power spectral 

density from 0.15 to 0.40 Hz, and the LF domain was defined as that between 0.04 and 0.15 

Hz. The time-domain indices of HRV quantify the amount of variability between successive 

heartbeats; whereas, frequency domain measures distribute absolute power within the HRV 

spectrum into frequency bands (Shaffer and Ginsberg 2017).

Data analysis

Analyses were performed using SAS 9.4 (Cary, North Carolina, USA) and R version 3.5.0. 

Descriptive statistics for categorical variables were evaluated using frequencies and chi-

square tests. For continuous variables, means and standard deviations were generated, and 

tests of significance were estimated using independent t-tests or Wilcoxon rank sum tests, 

depending on the normality of each variable. Latent class variable selection was conducted 

using the R-package LCAvarsel version 1.1 (Dean and Raftery 2010; Fop and Murphy 2017; 

Fop et al. 2017) in order to identify state-like variables (i.e., current symptoms), and 

subsequent analyses were conducted using the PROC LCA procedure in SAS (Lanza et al. 

2007). Two approaches were used to characterize participants as either adapted or not to 
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shiftwork; one that included police-specific questionnaire data (SPPS, VE), and another 

more general symptom approach that excluded police-specific symptoms. Analyses were 

conducted in four stages: (1) Symptom indicator variables were selected for use in the LCA; 

(2) LCA model specification was used to identify putative shiftwork adaptation groups (one 

police-specific model, one general model); (3) sociodemographic and behavioral 

characteristics and personality traits associated with each shiftwork adaptation group were 

identified; and (4) inflammatory, cardiometabolic, and HRV biomarkers that differed 

between adapted, maladapted, and day shift groups were identified. Note that only officers 

working evenings or nights were included in stages 2 and 3 of the analysis. This was done to 

increase the likelihood that factors identified at these stages were inherent to shiftwork 

adaptation. In stage 4, day workers were added as an additional comparison group so that 

both adapted and maladapted groups could be compared to those working a regular day 

schedule. For example, if a biomarker is similar among adapted and day workers, but 

different among maladapted shiftworkers, this would support the hypothesis that shiftwork 

maladaptation may alter intermediate health indicator biomarkers.

Stage 1. Symptom indicator variable selection

For the police-specific approach, twenty-two potentially maladaptive symptom indicator 

variables were identified from questionnaire data (PSQI, SPPS, VE, SS, CESD) based on a 

literature review and data availability (Table S1). Only state-like variables were considered 

for inclusion into the LCA; whereas personality traits, sociodemographic, and behavioral 

factors were evaluated in the second stage of the analysis to determine whether those traits 

differed among the adapted and maladapted latent classes. Note, that no sleep symptoms 

were included in the general symptom LCA; furthermore, variables included in the LCA 

analysis were not used in subsequent analyses. The PROC LCA procedure requires 

categorical variables to characterize a discrete latent variable (Lanza et al. 2007; Schreiber 

2017). The VE measures were dichotomized based on a ‘yes’ response for each question, 

and the continuous symptom indicator variables; lack of support (SPPS), PSS, and SS were 

dichotomized using a 75% percentile cut-point for the item response probability. Sleep 

quality, sleep disturbance, sleep latency, sleep duration, daytime dysfunction, habitual sleep 

efficiency, and sleep medication usage, all components of PSQI, were dichotomized using a 

cutoff value of ≥2, which indicates moderate to severe sleep difficulty for each component 

(Buysse et al. 1989). Variable selection for the LCA was conducted using a swap-stepwise 

procedure (Dean and Raftery 2010). For the general symptom approach, 17 symptom 

indicator variables were considered (Table S1), and the police-specific components (SPPS, 

VE) were excluded from that analysis.

Stage 2. LCA model specification

After the variable selection procedures were completed, latent class models were fitted 

consecutively, starting with a two-cluster model to identify groups of individuals who were 

alike in their response to the categorical indicator variables (Goodman 1974; Lanza et al. 

2007; Lazarsfeld and Henry 1968). A series of LCA models were evaluated using the G-

squared, Bayesian Information Criterion (BIC), and Akaike Information Criterion (AIC) fit 

statistics, with the final model selected based on objective fit statistics, bootstrapped 
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parametric likelihood ratios tests, and the interpretability of the resultant latent classes 

(Lanza et al. 2007; Lanza and Rhoades 2013).

Stage 3. Traits predicting membership in adapted or maladapted shiftworker groups

Univariate general linear models (PROC GLM in SAS) and chi-square tests were used 

initially to identify sociodemographic factors, personality traits, and lifestyle behaviors that 

differed between the adapted and maladapted shiftworker groups. Multivariable logistic 

regression analyses were then used to estimate odds ratios with 95% confidence intervals in 

a combined analysis to determine which variables independently predicted membership in 

the adapted or maladapted group. Linear regression assumptions were evaluated by 

examining the final model’s residuals. Covariates with a p-value ≤0.20 in the univariate 

analyses were included in the combined analysis. Using a manual backwards selection 

procedure, variables that changed the beta coefficient for latent class membership by ≥10%, 

and variables that were statistically significant (p ≤ 0.05), were retained in the final model. 

Variables included in the final logistic regression models also were evaluated using area 

under the receiver operating characteristic curve (AUC ROC) (Hosmer and Lemeshow 

2000).

Stage 4. Biomarker comparisons among adapted and maladapted shiftworkers, and day 
workers

General linear models were used to determine whether adjusted (least squares [LS]) means 

of inflammatory cytokines, HRV indices, or cardiometabolic measures differed among 

maladapted shiftworkers relative to adapted workers or relative to those working permanent 

day shifts. Natural logarithm (ln) transformations of CRP, IL-6, triglycerides, insulin, leptin, 

SDNN, RMSSD, HF-HRV, and LF-HRV variables were used to normalize their distribution, 

and differences between groups were evaluated using the least significant differences 

statistic.

Results

The study population characteristics are presented in Table 1. The mean age (± standard 

deviation) of the shiftworker population was 40 ± 7 y, whereas the mean age of day workers 

was 46 ± 7 y. Shiftworkers were primarily white (84%), male (86%), and married (75%). 

Day workers relative to shiftworkers were more likely to be nonwhite (30% vs. 16%, 

respectively) and female (30% vs. 14%, respectively, Table 1). Most of the study population 

hasd more than a high school education (89%) and an annual income >$70,000 (71%). The 

average number of years employed was 13 ± 7 y (data not shown), and the majority of the 

sample held the rank of police officer (78%). The mean (± standard deviation) number of 

shift changes per person among individual officers over the entire study period (2004–2009) 

was higher among evening (51 ± 38) and day workers (33 ± 44) compared to night workers 

(26 ± 51). In the combined category of evening and night workers, a total of 148 officers 

(61%) spent ≥70% of their work time on their dominant, long-term shift (evening or night), 

78 (32%) spent 50–69% of their total work time on their dominant, long-term shift, and 13 

(5%) spent 44–49% of their total work time on their assigned shift. Among day workers 139 

(74%) subjects spent ≥70% of their total work time on the day shift, 37 (20%) spent 50–69% 
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of their total work time on the day shift, and 12 (6%) spent 36–49% of their time on that 

shift.

For both the police-specific and general symptom models, LCAs that specified a 2-class 

model were optimal (Table S2). According to the Bootstrap Likelihood Ratio Test, the 

addition of a third latent class did not increase the model fit (police-specific model: 2 class 

vs. 3 class, p = .18; general symptom model: 2 class vs. 3 class, p = .22; Table S2). In the 2-

class police-specific model, a group of officers (n = 73), relative to the group with more 

adapted characteristics (n = 169, Figure 1), was identified that was more likely to have 

moderate to high probabilities of the following symptoms: sleep disturbances (PSQI), sleep 

latencies >30 min (PSQI), less social support (SS), more perceived stress (PSS), and greater 

symptoms of fatigue (VE). Using the general symptom approach, the maladapted group (n = 

56), relative to those with a more adapted profile (n = 186, Figure 2), was more likely to 

have moderate to high probabilities of the following symptom indicators: low social support 

(SS), elevated stress and depression scores, and greater fatigue. Officers classified as adapted 

tended to work the evening shift rather than the night shift, although the differences were not 

statistically significant (police-specific: 57% vs. 43%, p = .37; general: 58% vs. 42%, p 
= .51, respectively).

When group comparisons were conducted using the police-specific approach, there were no 

statistically significant differences in age, race, sex, income, or education between groups 

with shiftwork adaptation or maladaptation symptoms (Tables 2 and Table 3). There were 

differences in dietary factors; specifically, fruit and vegetable consumption was greater in the 

adapted group (Table 3). As expected, those in the adapted shiftwork group had higher mean 

scores for extraversion, agreeableness, conscientiousness, hardiness, family independence, 

active-recreational orientation, and family organization compared to those in the maladapted 

group for both the police-specific and general symptoms approaches (Table 4). In addition, 

those with symptoms consistent with shiftwork adaptation had lower levels of neuroticism 

and family conflict. In contrast, there were no differences in openness, family control, or the 

number of children between the two groups in both the police-specific and general-symptom 

approaches (Table 4). Using the general symptom approach, those in the adapted shiftworker 

group were more likely to be male, married (Table 2), and have greater vegetable and fruit 

consumption (Table 3).

Multivariable logistic regression was used in a combined analysis to identify which variables 

were independently associated with membership in the adapted shiftworker group. Using the 

police-specific approach, high vegetable consumption (odds ratio [OR]: 2.57; 95% 

confidence interval [CI]: 1.10–5.98) and hardiness (OR: 1.13; 95% CI: 1.03–1.25) were 

positively associated with adaptation to shiftwork, whereas neuroticism (OR: 0.85; 95% CI: 

0.79–0.92) and family conflict (OR: 0.73; 95% CI: 0.60–0.88) were less likely to be 

associated with adaptation (Table 5). In the general symptom model, neuroticism (OR: 0.85; 

95% CI: 0.80–0.90) and poor sleep (OR: 0.74; 95% CI: 0.65–0.84) were associated with 

maladaptation (Table 5). Results of the AUC ROC analyses of the final models obtained 

using either the police-specific (AUC: 0.84, 95% CI: 0.78–0.89, Figure S1) or general 

symptom approaches (AUC = 0.85, 95% CI = 0.79–0.91, Figure S2) both exhibited excellent 

predictive capabilities.
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When inflammatory biomarkers were compared among the groups in the police-specific 

approach, officers who worked day shifts generally had inflammatory cytokine 

concentrations that were similar to the adapted group (Table 6). Mean IL-6 concentrations 

were lower among day workers (0.5 ± 0.1 ln[pg/ml], range: −0.78–2.48 ln[pg/ml]) relative to 

those of the maladapted group (0.8 ± 0.1 ln[pg/ml], range: −0.59–2.48 ln[pg/ml], p < .01), 

but there were no notable differences between the adapted and maladapted groups (Table 6, 

police-specific model). There were no statistically significant differences in the other 

inflammatory biomarkers utilizing the police-specific approach.

In the general symptom model, mean IL-6 concentrations among day workers (0.5 ± 0.1 

ln[pg/ml]) were lower than those among maladapted officers (0.7 ± 0.1 ln[pg/ml], range: 

−0.59–2.48 ln[pg/ml], p = .03). TNF-α concentrations in both the adapted (4.8 ± 0.2 pg/ml, 

range: 0.53–11.39 pg/ml), and day shift (5.0 ± 0.2 mg/ml, range: 1.1–12.7 pg/ml) groups 

were lower than those of the maladapted group (5.6 ± 0.3 pg/ml, range: 1.5–16.5 pg/ml, p 
< .01, p = .04, respectively, Table 6). There were no statistically significant differences in the 

other inflammatory biomarkers.

When evaluating metabolic biomarkers in the police-specific approach, officers in the 

adapted group had lower diastolic blood pressure (77.5 ± 1.0 mmHg) than the maladapted 

group (80.3 ± 1.3 mmHg, p = .05). Both the adapted (9.4 ± 0.1 ln[pg/ml]) and day shift (9.4 

± 0.1 ln[pg/ml]) groups had lower levels of leptin than the maladapted group (9.6 ± 0.1 

ln[pg/ml], p < .01, p = .03, Table 7).

Using the general symptom approach, mean concentrations of insulin in the adapted group 

(1.8 ± 0.1 ln[uu/ml]) were lower than those of the maladapted group (2.0 ± 0.1 ln [uu/ml], p 
= .03, Table 7). Mean concentrations of triglycerides were also lower in the adapted group 

(4.4 ± 0.1 ln [uu/ml]) compared to the maladapted group (4.6 ± 0.1 ln [uu/ml], p = .08, Table 

7), although the difference was not statistically significant. There were no statistically 

significant differences in the other cardiometabolic or HRV measures among the adapted, 

day shift, and maladapted groups of police officers (Table 7 and S3).

Discussion

This study used cluster analysis (LCA) in a novel way to identify groups of adapted or 

maladapted shiftworking police officers of the BCOPS study. Two approaches were applied, 

one with police-specific symptoms and another using more general symptoms as shiftwork 

adaptation indicators. In the police-specific model, adapted (~70%) and maladapted (~30%) 

shiftworkers were characterized by eight symptom indicators that assessed sleep 

disturbance, perceived stress, exhaustion, and low social support (Figure 1). Several of the 

hypothesized lifestyle or personality characteristics were independently associated with 

shiftwork adaptation, including diet (vegetable servings/day), hardiness, low neuroticism, 

and less family conflict (Table 5). Using the general symptom approach, the adapted (~77%) 

and maladapted (~23%) groups were characterized by symptom indicators that assessed 

social support, perceived stress, exhaustion, and depression (Figure 2; note that sleep was 

not included as a symptom indicator in the general model). Shiftwork adaptation was 

independently associated with less neuroticism and better sleep quality (Table 5). These 
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findings are consistent with previous studies that identified associations between shiftwork 

adaptation and personality traits, sleep, and diet (Costa 1996; Grant et al. 2017; Harma 1993; 

Jung et al. 2020; Saksvik et al. 2011; Saksvik-Lehouillier et al. 2013; Souza et al. 2019; 

Tamagawa et al. 2007). In the police-specific model, maladapted officers had higher levels 

of IL-6 and leptin relative to comparison officers. In the general symptom model, 

maladapted officers had higher levels of TNF-α and insulin relative to comparison officers. 

No other hypothesized differences in measures of inflammation, HRV, or cardiometabolic 

risk were noted between the maladapted and comparison groups using either approach.

Shiftwork forces rearrangement of sleep/wake timing, leading to dysregulation of circadian 

rhythms and its associated physiological, psychological, and social impacts (Rivera et al. 

2020; Walker et al. 2020). The central role of age, gender, circadian misalignment, sleep, 

positive and negative moods, and personality in shiftwork adaptation have been 

characterized in several studies; however, these studies varied in methods, study population, 

and characterization of shiftwork adaptation, leading to some inconsistencies (Harma 1993; 

Nachreiner 1998; Saksvik et al. 2011; Tamagawa et al. 2007). A systematic review of 

shiftwork tolerance reported that females relative to male shiftworkers tend to have more 

sleep problems, fatigue, disability, coping issues, and metabolic dysregulation (Saksvik et al. 

2011). In a study among nurses, shiftwork adaptation was facilitated by a sense of well-

being and good physical health (Saksvik-Lehouillier et al. 2015). In the current analysis, the 

identified adaptation traits of low neuroticism, high extraversion, positive affect, and better 

familial interactions are consistent with previous studies (McLaughlin et al. 2008; Parkes 

2002; Tamagawa et al. 2007). Maladapted workers of the current study tended to be younger 

(police-specific model), whereas younger age has been previously associated with shiftwork 

adaptation (Costa and Di Milia 2008). However, adaptation among older workers also has 

been reported, which may reflect more job satisfaction, greater seniority, more decision 

latitude, or a survivor effect (Burch et al. 2009). The adapted group also tended to have more 

family independence and organization, and less family conflict, which could be attributed to 

the adapted group being slightly older, or to self-selection out of shiftwork due to difficulties 

with work-family balance (Arlinghaus et al. 2019; Costa 2016).

Associations between shiftwork and biomarkers of disease risk have been reported, although 

the exact mechanisms remain to be elucidated (Canuto et al. 2013; Depner et al. 2014; James 

et al. 2017; Puttonen et al. 2011; Ulhoa et al. 2015). In the current study, officers adapted to 

shiftwork were hypothesized to have different levels of inflammation, HRV, or 

cardiometabolic risk factors relative to maladapted officers. Shiftwork maladaptation is 

stressful, and pro-inflammatory effects of stress have been described (Chovatiya and 

Medzhitov 2014; Irwin et al. 2016; Siegrist and Li 2017). In one previous study, mean levels 

of TNF-α and IL-6 were higher among shiftworkers compared to day workers (Crispim et 

al. 2012). In a 2007 study, rotating shiftwork was associated with elevated leukocyte counts, 

another marker of systemic inflammation, as well as metabolic syndrome (Sookoian et al. 

2007). Elevated levels of CRP, TNF-α, and IL-6 have been associated with adverse health 

outcomes, such as metabolic syndrome, CVD, and diabetes (Arican et al. 2005; Blake and 

Ridker 2002; Crispim et al. 2012; Gabay 2006; Puttonen et al. 2011; Srikanthan et al. 2016). 

CRP has a benchmark value that is associated with increased risk of CVD mortality (≥3.0 

mg/l) (Ridker et al. 2003; Wang et al. 2017). However, in the current study, both adapted and 
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maladapted groups had mean CRP levels below this threshold. In contrast, differences in 

mean TNF-α, and IL-6 levels were observed between the adapted and maladapted groups. 

Although statistically significant, some of the differences between mean values were 

relatively small. However, note that log-transformed values were used for some biomarker 

comparisons (e.g., IL-6, leptin, insulin). It is unclear whether the changes in biomarkers 

observed in this study are biologically relevant or if they result from normal physiological 

variation. The results are consistent with some previous studies and extend those 

observations specifically to maladapted shiftworkers.

Mean levels of LDL, triglycerides, systolic and diastolic blood pressure, insulin, and leptin 

among maladapted officers in the present study tended to be present at less favorable levels 

than those observed among adapted and day shift workers; with statistically significant 

differences observed only for leptin and insulin. Whether this is suggestive of insulin or 

leptin resistance or another adverse health impact is uncertain. Leptin is expressed in adipose 

tissue and plays a central role in food intake, energy balance, and upregulation of 

inflammatory markers involved with obesity-related diseases, such as CVD (Ble et al. 2005; 

Hasan-Ali et al. 2011; Liu et al. 2010; Vadacca et al. 2011). Circadian misalignment, a 

component of shiftwork maladaptation, may alter leptin concentrations, leading to leptin 

resistance (Ding et al. 2018; Monti et al. 2006; Scheer et al. 2009). Other evidence suggests 

that chronic shiftwork is associated with the development of obesity and insulin resistance 

(Knutsson and Kempe 2014; Liu et al. 2018; Sun et al. 2018).

The limitations of this study include its relatively modest sample size, the potential for 

healthy-worker or survivor bias, and lack of a direct question or instrument examining 

shiftwork adaptation. The average time in service for officers in the present study was 13.9 

y, and officers who might have been intolerant (unable to adapt) of shiftwork may have left 

police service altogether or changed to the day shift. The relatively long average duration of 

police service may provide some reassurance that there was ample time for adaptation to 

develop among officers in the study. It is unknown whether officers who left service early 

were less healthy than the officers included in this analysis, but, if so, this likely attenuated 

some of the study results, particularly concerning the biomarker comparisons. There may 

have been some residual misclassification of shift assignment; however, assessment of 

previous work history and workers’ hours in this analysis indicated that such 

misclassification was likely minimal (Weder et al. 2014). Most officers classified to either 

the night, evening, or day shifts spent over 70% of their cumulative work time on their 

assigned shift, suggesting that the dominant, long term shift was assigned appropriately. 

Differences observed in the mean number of shift changes between those working nights, 

evenings, or day may have attenuated differences in biomarkers between adapted and 

maladapted workers. The biological variables were measured only once (morning hours) 

during a 24 h period, and some of these outcome measures exhibit circadian variation. The 

inability to evaluate whether changes in the circadian timing of the biomarkers was related 

to shiftwork adaptation thus represents a study limitation. Another limitation was that certain 

factors known to be associated with shiftwork adaptation, such as circadian preference (or 

chronotype) and certain genetic polymorphisms, were unavailable for this analysis. 

Eveningness is an adaptive trait, and morningness is related to shiftwork maladaptation 
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(Burch et al. 2009; Saksvik et al. 2011). Finally, the symptoms were self-reported measures 

collected cross-sectionally and thus susceptible to temporal variability.

Strengths of this study include the incorporation of quantitative physiological and 

biochemical measures, which were performed in a clinical setting by trained personnel using 

standardized and validated procedures. The utilization of a validated latent class variable 

selection procedure allowed for the maximal separation of shiftworking police officers into 

groups with adapted and maladapted symptoms in the absence of a direct measure for this 

construct. Several traits identified as predictors of adaptation were consistent with previous 

research, which lends validity to the methods that were implemented. Variables selected via 

the LCA may be useful for defining shiftwork adaptation when a direct measure is 

unavailable. In some cases, a subscale score provided the most parsimonious classification 

strategy for defining shiftwork adaptation (e.g., sleep disturbance and sleep latency from 

PSQI; lack of support from SPPS; feeling lethargic, drained, dejected, and exhausted from 

work from VE). This may suggest that certain aspects of stress and fatigue may be more 

important to shiftwork adaptation than general symptomology. Analyses evaluating 

differences in inflammatory, autonomic, and cardiometabolic biomarkers included 

adjustment for important confounders such as age, race, gender, alcohol use, physical 

activity, BMI, tobacco consumption, and medication use. However, the possibility of 

residual confounding cannot be excluded. Analyses of area under the curve and goodness of 

fit for the predictive models of both the police-specific and general symptom approaches 

indicated that adequate discrimination between the adapted and maladapted groups was 

achieved (AUC ROC ≥0.84). Finally, although requiring validation, the results may be 

generalizable not only to police officers but also to other populations of shiftworkers, such 

as the military, emergency medical personnel, or fire fighters.

In summary, to the author’s knowledge, the current analysis was the first to compare 

biomarker levels among maladapted relative to adapted evening and night shiftworkers, or 

those working permanent days. The maladapted group exhibited higher mean levels of 

inflammatory cytokines, leptin, and insulin compared to the adapted or day shift groups, 

suggesting that these biomarkers may serve as early indicators of shiftwork-related chronic 

disease risks. However, the cross-sectional nature of the analysis precludes an interpretation 

of causal inference; prospective studies are needed to further evaluate that possibility.
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Summary

This study utilized pre-specified symptoms and latent class analysis to identify police 

officers with or without symptoms that characterize shiftwork adaptation. To the author’s 

knowledge, this is the first study to report higher levels of cardiometabolic or 

inflammation biomarkers in maladapted relative to comparison shiftworkers; however, 

the cross-sectional study design precludes an interpretation of cause and effect.
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Figure 1. 
Prevalence of latent class membership and item-response probabilities among the symptom 

indicator variables evaluated for their contribution to adaptation or maladaptation among 

shiftworking police officers (Police-specific model), BCOPS study, Buffalo, NY, USA, 

2004–2005 (n = 242)

The item-response probabilities represent the conditional probability that an officer would 

have a maladaptive response to an indicator variable. For example, the probability that an 

officer in the adapted shiftwork group reports sleep disturbance ≥twice per week is 0.19 and 

0.55 for a maladapted officer. Indicator variables are components of the PSQI, SPPS, and 

VE questionnaires.
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Figure 2. 
Prevalence of latent class membership and item-response probabilities among the symptom 

indicator variables evaluated for their contribution to adaptation or maladaptation among 

shiftworking police officers (General symptom model), BCOPS study, Buffalo, NY, USA, 

2004–2005 (n = 242).

The item-response probabilities represent the conditional probability that an officer would 

have a maladaptive response to an indicator variable. For example, the probability that an 

officer in the adapted shiftwork group reports low social support is 0.37 and 0.78 for a 

maladapted officer. Indicator variables are components of SS, PSS, CESD, and VE 

questionnaires.
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Table 1.

Demographic characteristics of study participants, BCOPS study, Buffalo, NY, USA, 2004–2005 (n = 430).

Characteristics

Evening and Night Workers (n = 242) Day Workers (n = 188)

N % Mean SD N % Mean SD

Age (y) 40 7.1 46 7.6

Body Mass Index (kg/m2) 30 4.5 29 5.2

Gender

 Male 209 86 111 59

 Female 33 14 77 30

Race

 White 200 84 131 70

 Nonwhite 38 16 55 30

Marital Status

 Single 27 11 24 13

 Married 179 75 140 75

 Divorced 34 14 24 13

Education (y)

 ≤12 26 11 24 13

 College < 4 127 53 110 59

 College ≥ 4 88 37 53 28

Rank

 Police Officer 160 78 102 64

 Sergeant/Lieutenant/Captain 30 13 35 22

 Detective/Executive/Other 20 9 22 14

Years of police service (y)

 0–9 81 34 24 13

 10–14 64 27 25 13

 15–19 49 20 46 25

 20+ 47 20 93 50

Income (USD, $)

 <70,000 54 23 48 27

 70,000 to 90,000 77 33 44 25

 >90,000 104 44 84 48

Percentages not totaling 100% are due to rounding or missing data. SD = standard deviation
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Table 5.

Factors associated with shiftwork adaptation – multivariable analysis, BCOPS study, Buffalo, NY, USA, 

2004–2005 (n = 242)*.

Characteristics Odds Ratio 95% CI p-value

Police-specific Model

Servings of vegetables/d

High 2.57 1.10–5.98 .03

Low Referent

Neuroticism
a

0.85 0.79–0.92 <.01

Hardiness
a

1.13 1.03–1.25 .01

Family Conflict
b 0.73 0.60–0.88 <.01

General Symptom Model Neuroticism
a

0.85 0.80–0.90 <.01

Global Sleep Quality Score (PSQI)
c 0.74 0.65–0.84 <.01

*
The outcome being modeled is the odds of being adapted to shiftwork. For continuous variables, the odds ratio represents a one-unit change in the 

predictor variable. For example, the odds of being adapted to shiftwork increased by 13% with a one-unit increase in hardiness. Reference Group: 
Maladapted officers. CI = Confidence Interval. PSQI = Pittsburgh Sleep Quality Inventory.

a
Higher scores represent more extraversion, agreeableness, openness, conscientiousness, or hardiness.

b
Higher scores correspond to more family conflict.

c
Higher scores correspond to worse sleep quality.
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