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Abstract

Objectives: This study examines relationships between the frequency and intensity of police 

work stressors and cardiac vagal control, estimated using the high frequency component of heart 

rate variability (HRV).

Methods: This is a cross-sectional study of 360 officers from the Buffalo New York Police 

Department. Police stress was measured using the Spielberger police stress survey, which includes 

exposure indices created as the product of the self-evaluation of how stressful certain events were 

and the self-reported frequency with which they occurred. Vagal control was estimated using the 

high frequency component of resting HRV calculated in units of milliseconds squared and reported 

in natural log scale. Associations between police work stressors and vagal control were examined 

using linear regression for significance testing and analysis of covariance for descriptive purposes, 

stratified by gender, and adjusted for age and race/ethnicity.

Results: There were no significant associations between police work stressor exposure indices 

and vagal control among men. Among women, the inverse associations between the lack of 
support stressor exposure and vagal control were statistically significant in adjusted models for 

indices of exposure over the past year (lowest stressor quartile: M = 5.57, 95% CI 5.07 to 6.08, 
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and highest stressor quartile: M = 5.02, 95% CI 4.54 to 5.51, test of association from continuous 

linear regression of vagal control on lack of support stressor β = −273, P =.04).

Conclusions: This study supports an inverse association between lack of organizational support 

and vagal control among female but not male police officers.

1 | INTRODUCTION

This study examines the relationships between exposure to police work stressors and cardiac 

vagal control (Chambers & Allen, 2007), estimated by the high frequency (HF) component 

of resting heart rate variability (HRV). The loss of vagal control is believed to be a 

significant and specific marker of dysfunction in the system that allows individuals to return 

to normal levels of physiological arousal after exposure to a stressor (Porges, 1995, 2007; 

Thayer & Brosschot, 2005; Thayer & Lane, 2000; Thayer & Sternberg, 2006). This 

dysfunction in the stress response system may be brought about by a number of factors, 

particularly conditions with chronic or repeated exposure to highly intense stressors 

(McEwen, 1998; McEwen & Lasley, 2002). Police work produces these conditions. Police 

officers (861,000 in the United States) are exposed to physical harm, shift work, long work 

hours, administrative organizational stressors, varying levels of organizational support, 

victims of violence, police suicide, and other tragic events. Furthermore, lower vagal control 

has been associated with increased levels of psychological distress, chronic inflammation, 

cardiovascular disease (CVD), and metabolic disorders. It is also thought to provide a link 

between stress, psychological disorders, and the development of CVD (Andrew et al., 2013; 

Carnethon et al., 2006; Collins, Karasek, & Costas, 2005; Dekker et al., 2000; Sloan et al., 

2007; Thayer, Friedman, & Borkovec, 1996; Thayer & Lane, 2007; Thayer, Yamamoto, & 

Brosschot, 2010; Zucker, Samuelson, Muench, Greenberg, & Gevirtz, 2009). A compromise 

in vagal control due to police work may be a contributing factor to the increased morbidity 

and mortality from CVD in this occupation (Zimmerman, 2012).

The autonomic nervous system plays an important role in the development of stress related 

psychological disorders and CVD (Porges, 1995, 2007; Thayer & Brosschot, 2005; Thayer 

& Lane, 2000; Thayer & Sternberg, 2006; Thayer et al., 2010). Current thinking about vagal 

control and disease is broadly represented in three integrative theories related to human 

adaptation: (1) Polyvagal theory, which moves vagal control beyond the realm of cardiac 

control to include general human adaptation to environmental challenge, and provides a 

theoretical structure for interpreting observations that vagal control is a marker of the ability 

to perceive and manage environmental challenges through social engagement (Porges, 

2007); (2) The neurovisceral integration theory of emotional regulation and dysregulation, 

which provides a theoretical framework and evidence supporting the idea that cardiac vagal 

conrol is a marker for functioning of prefrontal inhibitory control of subcortical systems 

involved in facilitating emotional, cognitive, and physiological self-regulation in response to 

environmental challenges (Park & Thayer, 2014; Thayer & Brosschot, 2005; Thayer & 

Fischer, 2009; Thayer et al., 1996, 2010; Thayer & Lane, 2000, 2007; Thayer & Siegle, 

2002; Thayer & Sternberg, 2006), and (3) Allostasis theory, which asserts that allostatic load 

or “wear and tear” on adaptive systems, incorporating both psychological and biological 

processes, defines chronic stress adaptation which predisposes toward mental and physical 

Andrew et al. Page 2

Am J Hum Biol. Author manuscript; available in PMC 2019 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dysfunction. Allostasis theory identifies the hormonal and neurological processes (e.g., vagal 

control) involved as well as long-term health effects (McEwen & Lasley, 2002; McEwen, 

1998; McEwen & Wingfield, 2003). Regarding the general details of allostatic systems and 

allostatic load, McEwen and Gianaros (2011) state the following:

The active process of responding to a challenge to the body by triggering chemical 

mediators of adaptation (HPA, autonomic, metabolic, immune) that operate in a 

nonlinear network. Allostasis is essential for maintaining homeostasis in the face of 

challenges or demands imposed by changes in (a) the environment and (b) an 

individual’s behavioral state that are registered by the brain.

Further they state,

Allostatic systems enable the individual to cope with stressful experiences. They 

are adaptive when rapidly mobilized and terminated. However, when the activity of 

allostatic systems is sluggish, ineffective, prolonged, or not terminated promptly, 

allostatic systems can impair mental and physical health through their maladaptive 

effects on brain plasticity and metabolic, immune, and cardiovascular 

pathophysiology (allostatic load).

The allostasis model then provides a general explanation of how “ineffective, prolonged, or 

not terminated” functioning of the autonomic nervous system from long-term exposure to 

workplace stressors may lead to autonomic dysregulation.

It is thought that autonomic dysregulation as measured by vagal control may provide a 

unifying framework for investigating the impact of psychosocial risk factors and work 

related stress on CVD, and that autonomic dysregulation may be part of a causal pathway 

from work stress to CVD (Chandola, Heraclides, & Kumari, 2010; Jarczok et al., 2013; 

Thayer & Lane, 2007; Thayer & Sternberg, 2006; Thayer et al., 2010). More specifically, the 

observation that certain risk factors lead to lower levels of vagal control is thought to be a 

reflection of dysregulation in prefrontal inhibitory regulation of subcortical arousal systems 

(Thayer & Lane, 2007), and one explanation of how this dysregulation may come about is 

through allostatic load (McEwen & Gianaros, 2011). The first step in examining this idea in 

police officers is to examine possible associations between police work stressors and vagal 

control.

2 | METHODS

2.1 | Study design and participants

The data used in this study come from the Buffalo Cardio-Metabolic Occupational Police 

Stress (BCOPS) study. The BCOPS study is an ongoing collaboration between the National 

Institute for Occupational Safety and Health, and the University at Buffalo, The State 

University of New York. The study design and population reported here consists of a cross-

sectional examination for 464 officers from May 2004 to October 2009. During recruitment 

the eligible target population of officers employed by the Buffalo, New York, Police 

Department, who were invited to participate, decreased from 710 in 2004 to 635 in 2007.
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Of the 464 participating officers examined during this time, 17 had missing 

electrocardiogram (ECG) data, 57 had evidence or medical history of irregular heart rate, 22 

had retired at the time of the examination, and 22 had incomplete stress exposure data. 

These 118 participants were excluded leaving 346 who had complete data to assess HRV 

and stress exposure. All participants provided signed written consent. Human subjects 

review board oversight is described in a previous paper (Violanti et al., 2006).

2.2 | Clinic examination

All measurement for the BCOPS clinic examination reported here were obtained on the 

same day for each participant. Participants were instructed to avoid the following after 10:00 

PM on the night before the day of examination: eating or drinking anything but water, 

strenuous physical exercise, caffeinated beverages, alcoholic beverages, and use of tobacco. 

All officers were given a standardized breakfast around 8:30 AM after the fasting blood 

draw and before other study components.

2.3 | Spielberger police stress survey

The Spielberger Police Stress Survey consists of 60 items that measure a self-reported stress 

rating and frequency of occurrence for items describing events or conditions applicable and 

relatively prevalent in police work (eg, “Making arrests while alone”). The officer gives each 

item a stress intensity rating from 0 to 100 where the higher the score the more stressful the 

situation described in the item (Martelli, Waters, & Martelli, 1989; Spielberger, Westberry, 

Grier, & Greenfield, 1981). Each item also provides check boxes for the number of times the 

event or condition has occurred in the past month (0, 1, 2, 3–5, 6–9, 10+) and in the past 

year (0, 1, 2–5, 6–10, 11–24, 25+). Using these item scores, a total stress score is calculated 

by multiplying the subjective stress rating times the value of the frequency categories or 

midpoint (for ranges) for the past year or the past month if a score that represents only recent 

events is needed, and then summing these products over all 60 items. Sub-indices can be 

obtained for administrative stressors, lack of support stressors, and physical or psychological 
danger stressors by summing the product of stress rating and frequency for items indicated 

for relevant subsets of survey items. The sub-index scores mentioned above are used to 

assess the separate influence of administrative stressors, lack of support stressors, and 

physical or psychological danger stressors.

2.4 | Heart rate variability measurements

ECG measurements were used to obtain HRV, and were measured and processed according 

to standard methods published by the Task Force of the European Society of Cardiology and 

the North American Society of Pacing Electrophysiology (Camm et al., 1996). ECG 

measurements were obtained from a lead II voltage time series during the resting carotid 

ultrasound examination. ECG voltages were sampled at 2000 Hz and digitally captured 

using the Biopac Systems, Inc. MP100 system/software with accompanying ECG Amplifier 

(C series), appropriate ECG leads, cables, electrodes, and computer for recording and data 

processing. Officers were supine and resting for five minutes before ECG data for HRV 

analyses were recorded. The time of day for the ECG examination varies from 9:15 AM to 

around 12:00 PM depending on officer placement in the clinic schedule.
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Resting ECG time series were extracted from the first five minutes of examination, and 

processed using an automated data adaptive QRS (Q wave-R-wave-S wave sequence 

characteristic of normal ECG data) detection package that inserts a marker at each proposed 

R wave (gBSanalyze advanced biosignal processing system with ECG toolbox, Guger 

Technologies, Graz, Austria, www.gtec.at).

A QRS interval-clustering step created clusters of QRS intervals within a participant’s ECG 

record based on how well the QRS intervals correlated with each other. Atypical QRS 

intervals as well as noise or movement artifacts are thus identified, allowing special handling 

during data editing. The last step includes visual inspection of the ECG overlaid with QRS 

markers and hand editing of R wave markers: for example, removal of markers not located 

on R waves, addition of markers that were not detected by software, and identification of 

markers for deletion of isolated ectopic beats (Lippman, Stein, & Lerman, 1994). Visual 

identification of ectopic beats was validated using several versions of an impulse rejection 

filter (McNames, Thong, & Aboy, 2004). Generally, data from participants had no or very 

few isolated ectopic beats, and were easily identified. ECGs having a large number of 

ectopic beats or irregular QRS intervals led to exclusion of the participant from data 

analyses.

Frequency domain methods are recommended for short-term stationary measurements of 

HRV. This is because theoretical and physiological interpretations of the HF component are 

conceptually well grounded (Camm et al., 1996). Accordingly, for each officer R-to-R 

interval time series were processed using the R statistical computer programming language 

by cubic spline interpolation to provide a series with equal sample increments at two 

samples per second. The interpolated time series was detrended using a smoothness priors 

method (Tarvainen, Ranta-Aho, & Karjalainen, 2002). This produces equally spaced mean-

zero time series data with no long-term trends, thus meeting assumptions of spectral analysis 

models. Next, data were processed using a parametric autoregressive spectral analysis of 

order 16 (Boardman, Schlindwein, Rocha, & Leite, 2002). The HF component of HRV, used 

to estimate vagal control, was defined as the area under the power spectral density from 0.15 

to 0.4 Hz and was calculated for each participant. All results for HF HRV (ie, vagal control) 

were reported in natural log scale.

2.5 | Statistical analyses

Associations between continuous police stressor exposure indices and cardiac vagal control 

were modeled using linear regression with each police work stressor index as the 

independent variable and vagal control as the dependent variable. The association for each 

police work stressor index with vagal control was analyzed in a separate regression model. 

These relationships were described by examining mean vagal control values across quartiles 

of the stressor exposure indices, as well as by regression coefficients. Regression coefficients 

and reported significance levels are from regression models using the continuous stress 

exposure indices after transforming them to z scores. This transformation helps with 

interpretation as the stress indices are not in simple units. The regression coefficients can 

then be interpreted as the amount of change in the natural log of vagal control for one 

standard deviation increase in stressor index. Associations were reported as unadjusted, age-
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adjusted and as age- and race-adjusted. Covariates for inclusion in adjusted models were 

selected based on review of literature on vagal control and on analysis of bivariate 

associations between each covariate and the exposure variable (police work stressors) and 

outcome variable (vagal control) in these analyses. Covariates examined included age, race/

ethnicity, and smoking status. The final decision to adjust for a covariate was made based on 

each covariate’s effect after adjustment on the association of interest. Both age and race 

were included based on the above criteria. All analyses were stratified by gender because of 

significant effect modification by gender determined by additive statistical interaction tests 

for gender by exposure (P < .05) for two of the three stress exposure indices, administrative 
stressors and lack of support stressors (see Table 3–5 footnotes for P-values). All statistical 

tests were two-tailed and performed using significance level α = 0.05.

3 | RESULTS

The demographic and lifestyle characteristics of this study are summarized in Table 1. 

Associations between vagal control and potential covariates are presented in Table 2. Mean 

vagal control was significantly higher (P = .002) among women (5.28 ± 1.14) than among 

men (4.86 ± 1.10). It is interesting to note that age is only associated with vagal control 

among men (men: P < .001, women: P = .828). The observed significant association of years 

of service and also rank with vagal control among men is explained by the age difference 

across years of service and rank. Men who report never smoking have higher vagal control 

than those who are current smokers and former smokers (P = .008) while there is no 

association among women (P = .6).

Age and race were the only covariates having influence on the associations between 

exposure to police stressors and vagal control reported in Tables 3–5, therefore age and race 

adjusted models are presented therein. There were no significant associations between any 

of the police stressor exposure indices and vagal control among men (P > .05). For women, 

the administrative stressor index was significant in the unadjusted (β= −0.278, P = .024), and 

age adjusted (β= −0.277, P = .025) models, but not significant after adjusting for race and 

age (β= −0.225, P = .086) (Table 3). Among women there was no association between the 

physical or psychological danger stressor index and vagal control (β= −0.087, P = .497) 

(Table 4). Associations between the lack of support stressor index and vagal control were 

statistically significant (Table 5) in both unadjusted (β= −0.314, P = .017) and adjusted 

models (β= −0.273, P = .044).

4 | DISCUSSION

Associations between police-work stressors and vagal control among both women and men 

were expected, so having an association among women only, and for the lack of support 
stressor only was unexpected. To understand this result, it is helpful to first examine the 

finding that women have higher mean vagal control when compared to men. The mean 

difference in vagal control between women and men has been observed in many other 

studies (Koenig & Thayer, 2016), and this difference has been shown to attenuate after 

menopause (Liu, Kuo, & Yang, 2003). It is thought that higher vagal control among women 

may be related to differences in the way women cope with stressors, specifically through 
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higher vagally mediated parasympathetic function. As Koenig and Thayer (2016) point out 

in their ground-breaking meta-analysis of sex differences in HRV, these differences appear to 

include the effects of sex hormones, oxytocin, and brain structures involved in managing 

stress arousal and emotional regulation. As these differences point in the direction of women 

potentially having higher biological capacity for social engagement and using social support 

for coping with stressful events, they are thought to be consistent with a model for stress 

coping known as the tend- and-befriend model (Koenig & Thayer, 2016). The tend-and 

befriend model posits that women may rely on social engagement for responding to stressors 

to a greater degree than men, and functioning of oxytocin systems have been implicated in 

this (Taylor, 2006; Taylor et al., 2000).

Men and women may cope with exposure to stressors in different ways. In a meta-analytic 

review of literature on sex differences in coping, Tamres, Janicki, and Helgeson (2002) 

found that women rely more heavily on support behaviors for coping with stress when 

compared to men. As mentioned above, it is also thought that the observation that women 

have higher vagal control than men may be explained by the tend-and-befriend model of 

stress. In the present study, women who reported experiencing a greater lack of 

organizational support had lower vagal control when compared to women who reported 

lower levels of this stressor. This trend was not found in male police officers. Therefore, 

female officers who have lower levels of the lack of support stressor appear to retain the 

expected higher levels of vagal control, while female officers among the highest quartile of 

the lack of support stressor have levels of vagal control similar to those of male officers. 

Chronic lack of support may then be associated with loss of a protective advantage for 

cardiovascular risk in female officers. This result is also consistent with other analyses 

examining associations between exposure to police stressors and a subclinical CVD marker 

in this study population. Hartley et al. (2011) found that administrative and lack of support 
stressors were associated with metabolic syndrome in women but not men.

One explanation for this result is that organizational influences may chronically thwart 

attempts by female officers to engage in support coping, possibly leading to repeated 

attempts to engage in support coping that do not lead to resolution of the original stressor, 

rather engaging a second stressor related to lack of support. Consistent with the theory of 

allostasis (McEwen & Lasley, 2002), this may lead to allostatic load and consequent 

dysregulation of the ability to control the biological response to stressors through 

parasympathetic braking. A potential biological interpretation for this dysregulation in 

parasympathetic control points to changes in systems related to oxytocin and regulation of 

affiliative ways of managing behaviors for responding to stressors. Oxytocin and related 

systems are known to be involved in regulation of the autonomic nervous system through 

downregulation of the sympathetic nervous system and enhancing parasympathetic function, 

and differences in these systems’ response to stressors have been noted between men and 

women (Carter, 2014; Porges, 2011). Taylor (2006) reviewed experimental findings among 

women showing that, under the influence of a stressor, when efforts to mobilize affiliative 

support are thwarted then higher levels of the stress response can occur, and that this may be 

more pronounced in individuals with higher levels of oxytocin activity and concomitant 

attunement to social aspects of the environment. Thus, chronic exposure to lack of 

organizational support may produce conditions of heightened, prolonged, and improperly 
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terminated stress response. These conditions are consistent with the conditions that allostasis 

theory states may lead to allostatic load, specifically dysregulation in oxytocin systems’ 

responsivity, and related changes in vagal control.

Limitations of this study include the cross-sectional design, which prevents making causal 

inferences. For this reason, it is not possible to know if lower levels of organizational 

support lead to decreased vagal control, or if individuals with lower vagal control, tend to be 

less effective in engaging with opportunities for organizational support, while also reporting 

higher frequency and perceived stress of related failures to engage. However, if the latter 

were the case we might expect to find the association in both men and women. Also, 

analyses using only the mean of reported frequencies of workplace items from the lack of 
support index, without multiplying by the subjective rating (data not shown), indicated that 

the mean stressor frequency is associated with vagal control. Another limitation for the 

gender stratified analyses is lower sample size, particularly among female participants, 

which limits power to detect associations. This limitation was overcome by analyzing data 

using the continuous stressor indices and vagal control in linear regression analyses.

Among the forms of lack of organizational support included in the summary measure used in 

this study are the following: inadequate support by the supervisor, poor, or inadequate 

supervision, difficulty getting along with supervisors, inadequate support by the department, 

poor, or inadequate supervision, assignment of incompatible partner, fellow officers not 

doing their job, and inadequate or poor quality equipment. While these conditions may be 

found in any workplace, they may also be open to some modification through training of 

supervisors and employees, and possible changes in organizational practices. The number of 

women in policing is growing and these officers experience a variety of stressors related to 

working in a male-dominated work-place (Elliot, Garg, Kuehl, DeFrancesco, & Sleigh, 

2015; Hartley, Mnatsakanova, Burchfiel, & Violanti, 2014). In this study, we see that among 

police women only, exposure to a stressor related to lack of organizational support has a 

unique association with a marker for the regulation of stress, while the danger inherent in 

police-work does not. While the danger in police-work may be difficult to modify, 

organizational practices might be open to modification.

5 | CONCLUSION

In our study, exposure to lack of organizational support is associated with reduced vagal 

control among police women, but not men. As some aspects of organizational support may 

be modifiable, these results point to an area for potential intervention to improve health and 

performance in police officers.
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TABLE 1

Demographic and lifestyle characteristics by gender

Characteristic
or Measure

Men (N = 59) Women (N = 87)

Mean (SD) Mean (SD)

N or % N or %

Age 259 41.2 (6.8) 87 40.7 (5.5)

Age Group

<40 years 111 42.9 36 41.4

40–49 years 112 43.2 45 51.7

50 + years 36 13.9 6 6.9

Ethnicity

White 203 80.2 63 72.4

African american 43 17.0 24 27.6

Hispanic 7 2.8 0 0.0

Marital Status

Single 23 9.0 17 19.5

Married 198 77.3 54 62.1

Divorced 35 13.7 16 18.4

Years of Police Service

1–5 years 21 8.2 6 6.9

6–10 years 62 24.1 29 33.3

11–15 years 51 19.8 10 11.5

16–20 years 64 24.9 25 28.7

20+ years 59 23.0 17 19.5

Rank

Police Officer 176 70.1 67 77.0

Sergeant/Lieutenant 37 14.7 10 11.5

Capt./Detect./Chief 38 15.1 10 11.5

Smoking Status

Current 34 13.2 20 23.5

Former 51 19.8 24 28.2

Never 172 66.9 41 48.2

The Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS) Study, 2004–2009.
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