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Abstract

Objective:Our objective was to quantify the associations between sleep duration and

perceived and chronic stresswith ideal cardiovascular health (CVH) among emergency

medical services (EMS) personnel from county-based EMS agencies.

Methods:Weconducted a cross-sectional survey of cardiovascular disease (CVD)-free

EMSpersonnel from4USEMSagencies. The questionnaire consisted of thePittsburgh

Sleep Quality Index (PSQI), Perceived Stress Scale (PSS), Chronic Burden Scale, and

the CVH components (smoking, body mass index, physical activity, diet, blood glucose,

blood pressure, cholesterol, each scored 0–2 points). The components were summed

and ideal CVH considered 11–14 points. Mixed effects logistic regression models with

a random intercept for agency were used to estimate the odds of ideal CVH for good

sleep quality (PSQI< 5 points), recommended sleep duration (7 to< 9h), low perceived

stress (PSS< 26 points), and low chronic stress (0 recent stressful events).

Results:We received 379 responses (response rate= 32%). There was low prevalence

of good sleep quality (23%) and recommended sleep duration (25%), but 95% reported

low perceived stress, and 33%had low chronic stress. Ideal CVHwas reported by 30%.

No significant associations between ideal CVH and sleep quality, perceived stress, or

chronic stress were found. There was a nearly 2-fold increase in the odds of ideal CVH

with recommended sleep duration (odds ratio: 1.83, 95% confidence interval: 1.08–

3.10).

Conclusion: In this sample of EMS personnel, only recommended sleep duration was

associated with ideal CVH. Future longitudinal studies are needed to understand the

relationship between sleep, stress, and CVD in this understudied occupational group.
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1 INTRODUCTION

1.1 Background

Personnel working in the emergency services, such as police, fire, and

emergency medical services (EMS), appear to be at increased risk of

developing cardiovascular disease (CVD).1–3 One approach to under-

standing CVD risk, especially on a population level, is the concept of

cardiovascular health (CVH). The Life’s Simple 7 (LS7) metrics, intro-

duced in 2010by theAmericanHeartAssociation, describe ideal, inter-

mediate, and poor criteria for 7 modifiable health behaviors and risk

factors for CVD.4 The approach of LS7 focuses on primordial preven-

tion, or prevention of risk factors instead of prevention of a disease

state.5 The metrics provide a framework for measuring and quantify-

ing the health status of a population, such as the occupational group of

EMS personnel.

1.2 Importance

Emergency responders frequently experience physiological and psy-

chological stressors while on duty, including long periods of inactivity

with intermittent strenuous activitywhile responding to anemergency,

which may exacerbate poor cardiac health and precipitate a major car-

diac event.1,2,6 Becauseof this, substantialworkhasbeendone to study

the cardiovascular health risks faced by firefighters, specifically. How-

ever, not all EMS personnel work in a fire-based setting, and their CVD

risk remains unclear. Previous work has shown that EMS personnel

have a high prevalence of poor health for certain LS7 components such

as obesity, poor diet, and inadequate physical activity.7–9 EMS per-

sonnel also have a high prevalence of non-traditional CVD risk fac-

tors, such as poor sleep quality, short or long sleep duration, and high

stress,10–13 whichmay further increase the risk of developing CVD. No

prior studies have examined the relationship between sleep, stress, and

CVH within the occupational group of EMS personnel. Establishing a

cross-sectional association between these factors would suggest that

future longitudinal studies are needed to understand the relationship

between the modifiable risk factors of poor sleep and high stress with

chronic disease development.

1.3 Goals of this investigation

The objective of this study was to quantify the associations between

sleep quality, sleep duration, perceived stress, and chronic stress with

ideal CVH among a sample of EMS personnel working in county-based

EMS agencies.

2 METHODS

2.1 Study design and setting

This study was an electronic survey of a convenience sample of cur-

rently working EMS personnel from 4 non-fire, county-based EMS

The Bottom Line

The Bottom Line: Emergencymedical services (EMS) person-

nel face a host of psychological and physical risks in their

work. This study examines the interrelationship between

sleep, stress, and cardiovascular health. A minority of EMS

personnel reported good sleep quality and recommended

sleep duration and only 30% of respondents had ideal car-

diovascular health. The odds of having ideal cardiovascular

health increased significantly if respondents reported ade-

quate sleep duration.

agencies in theUnited States. This typeof agency is frequently referred

to as “third service,” external to municipal police and fire depart-

ments, where employees do not work in a dual firefighter/EMS role.

In the United States, there are approximately 3000 governmental,

non-fire EMS agencies, representing about 20% of all EMS agencies.14

The 4 agencies were purposefully recruited to capture a range of

sizes, typical workload or call volume, and rurality. This study was

approved by the institutional review board (IRB) at American Insti-

tutes for Research (IRB# EX00474), with a waiver of documentation

of consent.

2.2 Study population and data collection

We used 4 components of data collection: an agency profile, demo-

graphic information for all eligible respondents, the electronic ques-

tionnaire, and an abbreviated non-respondent questionnaire. Each

agency representative completed a profile to gather basic information

about their EMS operations and provided enumerated lists of all eli-

gible employees from which to recruit participants. Active employees

working in a position with EMS duties, including front-line ambulance

personnel and field supervisors, at the time of the survey were eligible

to participate (n= 1,199).

Before data collection, we performed a sample size calculation to

determine the number of respondents needed.We assumed a 5%mar-

gin of error, α = 0.05, and a conservative 50/50 split in responses.

We also included a finite population correction, accounting for the tar-

get population size (n = 1199). We calculated that we would require

292 respondents under these conditions. Respondents to themain sur-

vey were identified as those who completed at least half of the sur-

vey items. We excluded from the analysis respondents who reported

a history of CVD, because these individuals would be considered to

have poor CVH regardless of the health behaviors or factors reported.

Recruitment and data collection occurred from April 2019 to June

2019. The initial survey invitation was sent via email, with up to 3

reminder emails sent approximately 1, 2, and 4 weeks later. Respon-

dents were offered an incentive of a random drawing of 20 $50 gift

cards. One agency was not offered the incentive because of policies on

acceptance of gifts by employees.
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2.3 Questionnaires and measurements

2.3.1 Agency profile survey

The agency profile requested information about the agency’s location,

structure, and annual operations. Items included the types of services

provided by the agency (eg, 911 response or medical transport), lev-

els of EMS certifications employed, size of the community served, typ-

ical shift duration, and ambulance crew configurations (2 or 3 person).

Operation metrics in 2018, such as the number of EMS responses and

EMS response units, also were requested. The approximate daily aver-

age of responses per EMS unit or EMS transport unit was calculated

and used as ameasure of typical workload.

2.3.2 Main study survey

The full electronic questionnaire consisted of participant demograph-

ics and CVDhistory; EMS-related characteristics; andmeasurement of

sleep, stress, and LS7 components. The questionnaire was developed

from existing scales and items previously used with EMS personnel.15

The existing scales included the Patient Health Questionnaire (PHQ-

9), the Pittsburgh SleepQuality Index (PSQI), 10-itemPerceived Stress

Scale (PSS-10), and Chronic Burden Scale.16–19 These scales were

selected to allow for comparison with prior work, especially as related

to associations with CVH. The PSQI and PSS-10 have both been vali-

dated and used in multiple languages and settings, each with a Cron-

bach’s α > 0.70 and test-retest reliability of > 0.70 across multiple

studies.20 Similarly, the PHQ-9 has excellent internal reliability (Cron-

bach’s α > 0.80).16 The Chronic Burden Scale is an inventory rather

than a psychometrically validated scale that is commonly used in longi-

tudinal studies on CVD.21–23 Before data collection, items were cogni-

tively tested with 9 EMS personnel not included in the study to ensure

construct and face validity.

Respondent demographics included age, sex, racial and ethnic iden-

tity (dichotomized to non-Hispanic white or minority owing to the low

prevalence of minority EMS personnel), education level, and marital

status. Prior history of CVD was defined as reporting any diagnoses

of stroke, myocardial infarction, congestive heart failure, coronary

heart disease, or angina pectoris. Depressive symptomswere assessed

using the PHQ-9 depression screening tool, with moderately severe to

severe depressive symptoms defined as 15–27 points.16 Recency of

the respondent’s last physical exam by a healthcare professional (< 6

or ≥6 months ago) was assessed to examine accuracy of self-reported

health factors.

Items for EMS-related characteristics included questions devel-

oped for the Longitudinal EMS Attributes and Demographics Study,24

using standard definitions of EMS characteristics.25 EMS-related

variables included primary role, number of EMS jobs, typical shift

duration worked, and years of EMS experience. Certification level

was dichotomized to basic life support (emergency medical tech-

nician [EMT]) and advanced life support (ALS; advanced EMT and

paramedic).

2.3.3 Non-respondent survey

Based on prior work surveying EMS personnel,7,26 the response rate

to the full questionnaire was expected to be low; for that reason, a

planned non-respondent survey was also conducted. This additional

survey was an abbreviated version of the full questionnaire to allow

for comparison of respondents and non-respondents and to assess

for potential response bias. The non-respondent survey was launched

in June 2019 to all eligible participants who did not complete the

full questionnaire. Non-respondents received 1 email invitation to the

abbreviated questionnaire.

2.4 Exposures

The primary exposures of interest were sleep quality, sleep dura-

tion, perceived stress, and chronic stress. Sleep quality and duration

were measured with the PSQI.17 The global PQSI score was exam-

ined as a continuous variable and dichotomized to poor (>5 points)

and good sleep quality (≤5 points).17 Sleep duration was catego-

rized as short (<7 hours), recommended (7 to <9 hours), and long

(≥9 hours).27 Because of evidence that both short and long sleep dura-

tions have detrimental health outcomes,28,29 the variable was further

dichotomized to recommended (7 to<9 hours) and short or long (<7 or

≥9 hours). Perceived stress, measured by the PSS-10,24 was analyzed

in 2 ways: as a continuous variable and dichotomized (0–26 points

as low, 27–40 points as high).30 Chronic stress, measured with the

Chronic Burden Scale,25 was categorized as high (reporting 2 or more

moderately or very stressful problems over the past 6months), moder-

ate (1 moderately or very stressful problem), or low (0 moderately or

very stressful problems).

2.5 Outcome

The primary outcome of interest was ideal CVH as measured by the

LS7 metrics. The 7 components of the LS7—smoking, body mass index

(BMI), physical activity, diet, blood pressure, fasting plasma glucose,

and cholesterol—were assessed via self-report. These are scored from

0–2 points based on clinical guidelines or expert opinion (Table S1),

with the sum of these points being the CVH score.4,31,32 Unlike other

commonly used CVD risk models such as the Framingham risk score,33

higher scores are desired and reflect better CVH. Ideal CVH as mea-

sured by LS7 has been shown to be related to reduced risk of devel-

oping incident CVD, CVD-related mortality, cancer, and several other

chronic conditions.34–37

For the health factors of blood pressure, cholesterol, and fasting

plasma glucose, response options were the ranges of values based on

the component cut points.4 For example, cholesterol was asked as 3

categories: < 200 mg/dL, 200–239 mg/dL, and ≥240 mg/dL, with an

additional option of “I don’t know.” A summary of the LS7 compo-

nent scoring is included in Table S1.4 Briefly, the ideal categories were

defined as being a non-smoker or not smoking within the previous
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12 months, reporting ≥75 minutes of vigorous or ≥150 minutes

of moderate and vigorous physical activity per week, meeting rec-

ommendations of 4–5 components of the American Heart Associa-

tion Healthy Diet score, BMI < 25 kg/m2, untreated blood pressure

< 120/80 mmHg, untreated cholesterol < 200 mg/dL, and untreated

fasting plasma glucose < 100 mg/dL. Respondents who did not know

a health factor were classified as ideal for that component if they

reported not taking medication for and had no prior history of the

applicable condition. Conversely, if the respondent did not know but

reported a prior history of hypertension, hyperlipidemia, or diabetes

mellitus, they were classified as poor for that component. The overall

CVH score was calculated by summing the points for each of the ideal

(2 points), intermediate (1 point), and poor (0 points) components met.

Ideal CVHwas defined as a score of 11–14 points.

2.6 Analysis

There was minimal item missingness (≤6.5%) in the main survey;

therefore, we used available case analysis. Descriptive statistics were

calculated overall and stratified by ideal CVH status. Because lit-

tle difference was found between respondents and non-respondents,

the respondents were treated as a random sample and no survey

weights were used in the analyses. Internal consistency of each of the

scales was determined using Cronbach’s α. To determine associations

between idealCVHand sleepand stress,weestimated theoddsof ideal

CVH for the following primary predictor variables: sleep quality, sleep

duration, perceived stress, and chronic stress. Because of the agency-

level recruiting of participants, potential clustering was accounted for

by using mixed effects logistic regression with a random intercept for

agency treated as a nuisance variable.

We selected covariates for the adjusted models based on prior

literature and substantive reasoning while maintaining 8–10 events

per variable to prevent overfitting.38 We constructed directed acyclic

graphs and used their established rules to select covariates to obtain

the most parsimonious models possible.39 The demographic variables

includedwere age, sex, education level (ie, any collegeor not), andmari-

tal status. Linearity of age as a continuous variablewas confirmedusing

fractional polynomials; in the chronic stress model, age was included

as quartiles because of model fit. Depressive symptoms also were

included in the perceived stress and chronic stress models40 but not

the sleep quality or sleep duration models because of small sample

sizes leading to zero cells. The EMS-related variables included aver-

age daily responses per unit, shift length, certification level, and role (ie,

providing patient care or not).7,10,11,26 Calibration and fit of eachmodel

were determined using calibration plots.

To assess for potential response bias, statistical comparisons were

made between respondents to the full survey, respondents to the

abbreviated non-respondent survey, and demographic information

available from all eligible participants. All analyses were completed

using Stata IC 15.1 (StataCorp LLC, College Station, TX).

2.7 Sensitivity analyses

Because the questionnaire relied on self-report, some respondents

answered that they did not know their blood pressure, cholesterol,

or blood glucose. Timing of the last physical exam by a healthcare

professional where those health factors were measured was used to

determine if reporting of these components differed by recency of a

physical exam and to determine the potential for recall bias or misclas-

sification. An exam< 6months ago was considered recent to minimize

recall bias.

Heterogeneity of effect was assessed in each model by testing

interaction terms for the following biologically plausible interactions:

primary predictor variable and age, primary predictor variable and

sex, and age and sex.41,42 Multiple imputation, using chained equa-

tions with 10 iterations, was used to confirm the findings from the

available case analysis.43–45 Finally, misclassification of the health fac-

tors was assessed by constructing 2 alternative scenarios. Respon-

dents who did not know their blood pressure, cholesterol, or blood

glucose were classified instead as intermediate and then poor for

each factor. Models were repeated with these new classifications

and results compared to the main analysis. These scenarios repre-

sent the range of potentially true outcomes to see the effect of

misclassification.

3 RESULTS

3.1 Response rate

A total of 379 EMS personnel responded to the main survey (response

rate= 32%), with 8 respondents then excluded from the analysis owing

to a history of CVD. An additional 52 participants responded to the

abbreviated non-respondent survey. There were no significant differ-

ences between respondents to the main survey and abbreviated sur-

vey participants, including among the exposures and selected com-

ponents of the outcome of interest (Table S2). However, respondents

to the main survey were slightly older (mean age 37 vs 35 years,

P = 0.002) with a higher proportion of those at the ALS level (85% vs

78%, P= 0.01) compared to non-respondents overall.

3.2 Agency characteristics

All 4 agencies provided 911 services, and 1 also provided non-

emergency medical transports (Table 1). Agencies were of a variety of

sizes, ranging from 115 to 420 employees doing EMS work, with 6500

to 149,680 EMS responses in 2018. Typical workload, measured by the

average daily number of EMS responses, also varied by agency with

a low of 1.5 responses per unit to a high of 7.2. Notably, the smallest

agency,whichoperatedonly at theALS level, useda3-person crewcon-

figuration as opposed to themore typical dyad.
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TABLE 1 Characteristics of the EMS agencies included in the study

Characteristic Agency A Agency B Agency C Agency D

Service type 911 andmedical transport 911 response 911 response 911 response

Levels of certification employed EMT, AEMT, Paramedic EMT, AEMT, Paramedic AEMT, Paramedic EMT, AEMT, Paramedic

Urbanicity Large city Large city Midsized city Suburb of large city

Annual number of EMS responses,

2018

149,680 107,432 6500 68,245

Annual number of EMS transports,

2018

114,091 71,884 3422 54,596

Number of employees in EMS roles,

2018

415 420 115 243

Average daily number of EMS

response unitsa
101 53 12 26

Average daily responses per EMS

unit

4.1 5.6 1.5 7.2

Average daily number of EMS

transport unitsb
90 42 10 20

Average daily transports per EMS

transport unit

3.5 4.7 0.9 7.5

Shift duration 12 hours 12 hours 24 hours 24 hours

EMS crew configuration 2 person 2 person 3 person 2 person

aThe average number of EMS response units (vehicles that may ormay not be capable of transporting a patient such as quick response vehicle or ambulance)

deployed per day.
bThe average number of EMS transport units (vehicles that can transport a patient, ie, ambulances) deployed per day.

Abbreviations: AEMT, advanced emergencymedical technician; EMS, emergencymedical services; EMT, emergencymedical technician.

3.3 Demographics

The mean age of respondents was 36 years (SD 10.1), with 64%

males and 87% identifying as non-Hispanic white (Table 2). About one-

quarter or fewer of respondents reported a history of hypertension

(22%), hyperlipidemia (26%), or diabetes mellitus (7%). Most respon-

dentsworked in aprimary role providingpatient care (81%),were certi-

fied at the ALS level (84%) and held only 1 EMS job (83%). One-quarter

of respondents typically worked shifts of ≥24 hours. A total of 106

(30%) respondentsmet the idealCVHcriteria. These respondentswere

younger (mean age 33 vs 38 years, P < 0.001), had a lower prevalence

of the self-reported chronic diseases (eg, hypertension, 5% vs 29%,

P < 0.001), and fewer years of EMS experience (eg, ≥15 years, 21% vs

41%, P= 0.002) compared to respondents with non-ideal CVH.

3.4 Prevalence of sleep, stress, and LS7
components

Overall, there was a low prevalence of good sleep quality (23%) and

recommended sleep duration (25%; Table 3). The prevalence of low

stress was more common, with 95% of respondents reporting low per-

ceived stress; by contrast, 33% reporting low chronic stress. A greater

proportion of respondents with ideal CVH, compared to those with

non-ideal CVH, reported recommended sleep durations (36% vs 22%,

P = 0.01). For the individual LS7 components (Figure 1), there was a

F IGURE 1 Prevalence of ideal, intermediate, and poor
classification for each of the Life’s Simple 7 components. Abbreviation:
BMI, bodymass index.

high prevalence of meeting ideal criteria for smoking (87%), blood glu-

cose (76%), and cholesterol (71%). However, fewer respondents had

ideal BMI (22%), physical activity (24%), or diet (11%).

3.5 Associations between sleep, stress, and ideal
cardiovascular health

Recommended sleep duration was the only metric associated with

ideal CVH in the unadjusted and adjusted models (Table 4). In the

adjusted model, there was a nearly 2-fold increase in the odds of ideal
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TABLE 2 Demographic and EMS-related characteristics of the respondents overall and stratified by CVH statusa

Characteristic

Overall

(n= 371)

Ideal CVH

(n= 106)

Non-Ideal CVH

(n= 246) Pb

Age (years), mean (SD) 36 (10.1) 33 (8.7) 38 (10.2) <0.001

Missing 4 0 2

Sex, n (%)

Female 130 (36) 45 (42) 79 (32) 0.06

Male 236 (64) 61 (58) 167 (68)

Missing 5 0 0

Race/ethnicity, n (%)

Non-Hispanic white 301 (87) 92 (88) 206 (87) 0.86

Minority 46 (13) 13 (12) 31 (13)

Missing 24 1 9

Education level, n (%)

Some college or less 133 (37) 31 (29) 100 (41) 0.11

Associate’s degree 89 (25) 28 (26) 58 (24)

Bachelor’s degree ormore 135 (38) 47 (44) 87 (36)

Missing 14 0 1

Marital status, n (%)

Married or coupled 223 (62) 61 (58) 159 (65) 0.09

Single 89 (25) 34 (32) 52 (21)

Widowed, divorced, or separated 45 (13) 11 (10) 34 (14)

Missing 14 0 1

Depressive symptomsc, n (%)

Mild tomoderate 314 (90) 92 (90) 210 (89) 0.82

Moderately severe to severe 35 (10) 10 (10) 25 (11)

Missing 22 4 11

Self-reportedmedical history, n (%)

Hypertension 78 (22) 5 (5) 70 (29) <0.001

Hyperlipidemia 97 (26) 7 (7) 87 (35) <0.001

Diabetes mellitus 25 (7) 0 (0) 24 (10) 0.001

Last physical exam, n (%)

< 6months ago 211 (58) 60 (57) 144 (59) 0.71

≥6months ago 150 (42) 46 (43) 101 (41)

Missing 10 0 1

EMS role, n (%)

Patient care 301 (81) 87 (82) 199 (81) 0.72

Administrator or supervisor 44 (12) 11 (10) 32 (13)

Other 26 (7) 8 (8) 15 (6)

Certification level, n (%)

BLS 58 (16) 16 (15) 40 (16) 0.78

ALS 313 (84) 90 (85) 206 (84)

Number of EMS jobs, n (%)

1 308 (83) 89 (84) 205 (83) 0.88

≥2 63 (17) 17 (16) 41 (17)

(Continues)
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TABLE 2 (Continued)

Characteristic

Overall

(n= 371)

Ideal CVH

(n= 106)

Non-Ideal CVH

(n= 246) Pb

Years of EMS experience, n (%)

<3 years 52 (14) 18 (17) 32 (13) 0.002

3–7 years 82 (22) 32 (30) 45 (18)

8–15 years 108 (29) 34 (32) 67 (27)

≥15 years 129 (35) 22 (21) 102 (41)

Shift length, n (%)

Does not work shifts 3 (1) 1 (1) 2 (1) 0.73

<24 hours 271 (73) 80 (75) 176 (72)

≥24 hours 97 (26) 25 (24) 68 (28)

Abbreviations: ALS, advanced life support; BLS, basic life support; CVH, cardiovascular health; EMS, emergencymedical services.
aA total of 19 respondents weremissing 1 ormore components of the CVH score andwere excluded from the stratified analysis.
bP-values calculated from χ2 tests or t tests as appropriate at the α= 0.05 level.
c Depressive symptomswere determined by the Patient HealthQuestionnaire-9 (Cronbach’s α= 0.88).Moderately severe to severe symptomswere defined

as a score of 15–27 points.

TABLE 3 Prevalence of sleep and stress metrics overall and stratified by CVH statusa

Overall

(n= 371)

Ideal CVH

(n= 106)

Non-Ideal CVH

(n= 246) Pb

Metricc n (%) n (%) n (%)

Sleep quality

Mean global PSQI score (SE) 8.4 (0.2) 8.5 (0.4) 8.3 (0.2) 0.65

Poor (>5 points) 280 (77) 84 (81) 180 (74) 0.18

Good (0–5 points) 85 (23) 20 (19) 63 (26)

Missing 6 2 3

Sleep duration

Short (<7 hours) 277 (75) 68 (64) 192 (78) 0.01

Recommended (7 to<9 hours) 91 (25) 38 (36) 52 (22)

Long (≥9 hours) 3 (1) 0 (0) 2 (1)

Missing 0 0 0

Perceived stress

Mean stress score (SE) 16.1 (0.3) 15.9 (0.7) 16.0 (0.4) 0.81

High (27–40 points) 19 (5) 7 (7) 12 (5) 0.52

Low (0–26 points) 351 (95) 99 (93) 233 (95)

Missing 1 0 1

Chronic stress

High (≥2 problems) 136 (37) 34 (32) 95 (39) 0.22

Moderate (1 problem) 108 (30) 38 (36) 64 (26)

Low (0 problems) 122 (33) 33 (31) 83 (34)

Missing 5 1 4

Abbreviations: CVH, cardiovascular health; PSQI, Pittsburgh SleepQuality Index; PSS, Perceived Stress Scale.
aA total of 19 respondents weremissing 1 ormore components of the CVH score andwere excluded from the stratified analysis.
bP-values calculated from χ2 tests or t-tests as appropriate at the α= 0.05 level.
cCronbach’s α for PSQI (sleep quality) was 0.78 at the item-level and 0.69 at the component level; for PSS-10 (perceived stress) Cronbach’s αwas 0.89.



8 of 12 CASH ET AL.

TABLE 4 Estimated odds of ideal CVH for each of the sleep and
stress metrics of interest

Unadjusted Adjusteda

Exposure OR (95%CI) OR (95%CI)

Sleep quality

Poor (>5 points) 1.00 1.00

Good (0–5 points) 0.67 (0.38–1.19) 0.69 (0.38–1.23)

Sleep duration

Short or long (<7 or≥9 hours) 1.00 1.00

Recommended (7 to< 9 hours) 2.10 (1.27–3.48) 1.85 (1.09–3.15)

Perceived stress

High (27–40 points) 1.00 1.00

Low (0–26 points) 0.80 (0.29–2.23) 0.78 (0.23–2.70)

Chronic stress

High (≥2 problems) 1.00 1.00

Moderate (1 problem) 1.64 (0.92–2.91) 1.86 (1.00–3.46)

Low (0 problems) 1.10 (0.62–1.96) 1.17 (0.62–2.19)

Abbreviations: CI, confidence interval; CVH, cardiovascular health; EMS,

emergencymedical services; OR, odds ratio.
aSleep models adjusted for age, sex, education level (ie, any college or

not), marital status, average daily responses per EMS unit, shift length (ie,

24 hours or not), certification level, and primary EMS role (ie, providing

patient care or not). Agewasmodeled as a continuous variable except in the

chronic stressmodel,wherequartileswereusedbecauseofmodel fit. Stress

models also adjusted for depressive symptoms.

CVH for the typical respondent with recommended sleep duration

compared to a typical respondent with short or long sleep duration

(odds ratio 1.83; 95% confidence interval 1.08-3.10). No significant

associations were found between good sleep quality, low perceived

stress, and moderate or low chronic stress with ideal CVH (Table 4).

Models demonstrated adequate calibration (Figure S1).

3.6 Sensitivity analyses

Participants who reported a non-recent physical exam by a healthcare

professional had significantly higher proportions who did not know

their blood pressure (eg, systolic, 7% vs 0%, P = 0.001), cholesterol

(50% vs 34%, P= 0.003), or blood glucose (33% vs 19%, P= 0.01) com-

pared to those with a recent physical exam (Table S3). However, there

was no significant difference in the proportion of respondents clas-

sified as meeting the ideal CVH criteria by last exam timing; 31% of

respondents with recent physical exams had ideal CVH compared to

29% of those with less recent exams (P= 0.71).

We found no evidence of effect modification by age or sex in any

of the models. With multiple imputation, there was little difference

in the observed associations except for a significant positive associa-

tion between moderate chronic stress and higher odds of ideal CVH

(Table 5). Finally, the 2 additional scenarios were explored using avail-

able cases for handling respondents who reported not knowing their

blood pressure, cholesterol, or blood glucose. Little change was noted

in the associationswhen these respondentswere classified in the inter-

mediate or poor categories (Table 5). However, for the poor scenario

only, the association between recommended sleep duration and ideal

CVHwas attenuated and no longer statistically significant.

3.7 Limitations

These are several potential limitations to this study. The 32% response

rate was low but expected,7,26 and we achieved the required number

of respondents according to our sample size calculation. With the 371

included respondents, our calculated margin of error was 4.2%, below

the planned 5%. The margin of error for each exposure or outcome

of interest ranged from 1.8% for perceived stress to 4.0% for chronic

stress. Because of the low response rate, some of themodels may have

been underpowered to detect a significant association. Further work

with larger samples is encouraged.

There was also a potential for misclassification of the primary pre-

dictor variables. For example, self-reported sleep durations tend to

be overestimated compared to objectively measured durations with

actigraphy.46,47 Using objectively measured sleep data or medical

records was not feasible for this work. We would encourage future

studies to use actigraphy and medical records to reduce misclassifi-

cation bias. These data were collected in a cross-sectional survey, so

causal associations cannot be inferred. All variables were assessed at

only 1 time point, limiting the assessment of the timing of events, such

as that recommended sleep duration preceded ideal CVH. Following

participants over time to assess factors such as temporality and bio-

logical gradient of the association would provide evidence for a causal

relationship between sleep, stress, and ideal CVH.

Finally, the EMS agencies who participated in this study were a con-

venience sample. We attempted to include a range of characteristics

in terms of structure, workload, and rurality, but there is wide vari-

ability among EMS agencies. Compared to a recent prior description

of the EMS workforce,48 respondents in this study were more likely to

be female and certified at the ALS level; however, the demographics of

EMS personnel likely vary by agency type. It is unclear if these results

would be generalizable to those working in other EMS agencies, espe-

cially those with a different servicemodel (eg, fire based, private).

4 DISCUSSION

In this cross-sectional survey of EMS personnel from 4 EMS agen-

cies, there was a low prevalence of good sleep quality, recommended

sleep duration, low chronic stress, and ideal status for many of the LS7

components, especially BMI, physical activity, and diet. Recommended

sleep duration was consistently associated with ideal CVH. Additional

workwith a larger sample size and objectively measured health behav-

iors and factors is needed to confirm our findings and better character-

ize the health risks faced by EMS personnel.
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TABLE 5 Sensitivity analyses estimating odds of ideal CVH under the intermediate and poor scenarios and usingmultiple imputation

Multiple

Imputationa
Intermediate

Scenarioa Poor Scenarioa

Exposure OR (95%CI) OR (95%CI) OR (95%CI)

Sleep quality

Poor (>5 points) 1.00 1.00 1.00

Good (0–5 points) 0.72 (0.40–1.28) 0.83 (0.43–1.61) 0.58 (0.28–1.24)

Sleep duration

Short or long (<7 or≥9 hours) 1.00 1.00 1.00

Recommended (7 to< 9 hours) 1.82 (1.07–3.07) 1.81 (1.01–3.28) 1.40 (0.74–2.65)

Perceived stress

High (27–40 points) 1.00 1.00 1.00

Low (0–26 points) 0.70 (0.22–2.19) 0.75 (0.21–2.77) 0.62 (0.17–2.34)

Chronic stress

High (≥2 problems) 1.00 1.00 1.00

Moderate (1 problem) 2.01 (1.08–3.72) 1.62 (0.79–3.34) 1.28 (0.60–2.75)

Low (0 problems) 1.13 (0.62–2.08) 1.32 (0.64–2.72) 0.97 (0.45–2.10)

Abbreviations: CI, confidence interval; CVH, cardiovascular health; EMS, emergencymedical services; OR, odds ratio.
aSleep models adjusted for age, sex, education level eg, any college or not), marital status, average daily responses per EMS unit, shift length (eg, 24 hours or

not), certification level, and primary EMS role (eg, patient care or not). Age was modeled as a continuous variable except in the chronic stress model, where

quartiles were used because of model fit. Stress models also adjusted for depressive symptoms.

Low response rates have been an increasingly common problem

over the past few decades for survey-based research.49 Although we

did not elicit reasons for non-response among this sample, national sur-

veys (eg, National Health Interview Survey) have shown that a lack of

interest in the topic or lack of time is frequently cited as the reason

for non-response.49 Common approaches to increase response rates

include participation incentives and multiple reminders, both of which

were implemented in this study. To account for our low response rate

and potential response bias, we conducted a planned abbreviated non-

respondent survey and compared respondents to the demographics of

non-respondents. There were no significant differences between full

survey and abbreviated survey respondents for the exposures of inter-

est (eg, sleep duration). We found no evidence that respondents were

in some way healthier or not compared to non-respondents. However,

response bias is still possible, and we may have been underpowered

to detect a statistically significant association in multivariable models.

Futurework couldbenefit from increased incentives topromotepartic-

ipation; data collection in personor via telephone rather than limited to

electronic questionnaires; and collection of objective data to minimize

self-reporting bias.

EMS personnel in this sample had worse sleep quality, short and

long sleep durations, and high chronic stress compared to the gen-

eral population.41,50–53 The high-stress nature of EMS work, as well as

reliance on shift work and long shift durations, may help explain some

of these differences. This sample had higher prevalence of poor sleep

and stress compared to prior descriptions of EMS personnel.10–13 This

sample also had worse sleep quality than reported by police officers

but lower levels of perceived stress.54,55 Compared to firefighters, this

sample also reportedworse sleep quality but similar levels of perceived

stress.56,57

A larger proportion of the EMSpersonnel in this studymet the crite-

ria for ideal CVH (30%) compared to estimates in theUnited States and

globally (12% and 20%, respectively).31,58,59 Compared to estimates of

the individual LS7 components in US adults, EMS personnel reported

higher levels of ideal criteria for smoking (eg, 87% vs 71%ofUS adults),

diet (11% vs 6%), cholesterol (70% vs 50%), and blood glucose (76% vs

64%).59 However, a prior study of nationally certified EMS personnel

found similar proportions of respondents meeting ideal criteria for the

LS7 components.7 BetterCVH inEMSpersonnelmaybebecauseof the

“healthy worker” effect60 and differences in demographics such as age

or education level. We also relied on self-reporting used in this study,

and it is likely that some participants in this study overestimated their

health behaviors and factors. The use of objectivelymeasured data in a

future study would overcome this limitation.

There has been conflicting evidence of an association between sleep

quality and duration with ideal CVH.61,62 Notably, prior studies did not

examine participants with a shift work schedule, and none examined

these associations specifically in the occupational group of EMS per-

sonnel. Shift work is a major risk factor for inadequate sleep duration

and poor sleep quality.63,64 Psychological stress, also frequently expe-

rienced by EMSpersonnel,13 is associatedwith decreased odds of ideal

CVH in the general population and other healthcare workers.65–67 The

lack of association observed in this study betweenperceived stress and

ideal CVH may be because the PSS does not adequately measure the
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common stressors faced in EMS. Further work is needed to determine

if othermeasures of stress thatmay bemore applicable to the EMS set-

ting would be associated with CVH status.

Because meeting ideal CVH criteria based on LS7 is associated with

a reduced risk of developing CVD and other chronic conditions,32,34–37

there is evidence of the potential for negative health outcomes for

some EMS personnel. The associations seen in this exploratory study

between sleep and stress measures and ideal CVH, though most not

statistically significant in this small sample, suggest further work is

needed to determine if these additional modifiable risk factors could

be targeted for interventions in this population. EMS personnel serve

a critical function in themedical care system, and their personal health

status likely affects their ability to remain in theworkforce and provide

these services.

In summary, in this sample of EMS personnel from 4 county-based,

non-fire EMS agencies, there was a low prevalence of good sleep qual-

ity, adequate sleep duration, low chronic stress, and ideal CVH. Only

recommended sleep duration of 7 to < 9 hours per night was con-

sistently associated with ideal CVH. There was also a positive, but

not significant, association between moderate or low chronic stress

and ideal CVH. Further work in larger samples and other EMS set-

tings is needed to verify these findings. Additionally, we encourage

future studies to establish if the risk factors of sleep and stress are

associated longitudinally with development of incident CVD in this

population.
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