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ABSTRACT

Objective: To examine postexercise hypotension (PEH) after a maximal cardiopulmonary stress test (GEST) as well as heart rate variability (HRV), a
surrogate marker of sympathovagal balance, as it relates to PEH among career firefighters with hypertension.

Materials and Methods: Firefighters (n=5) who were middle-aged (40.6+6.2yr) and overweight (28.1+3.9kg.m™) men with high BP (Systolic
126.4+9.5mmHg/Diastolic 85.6+5.9mmHg) and normal resting HR (71.1+11.2bpm) randomly performed a GEST and non-exercise control (CONT-
ROL) session followed by attachment to ambulatory BP (ABP) and HR monitors for 19hr. Systolic (ASBP) and diastolic (ADBP) ABP, and HRV low (LF)
and high (HF) frequency were recorded at hourly intervals over awake (11hr), sleep (8hr), and 19hr. Repeated measure analysis of variance (ANOVA)
tested if BP and HRYV differed over time and between experimental conditions. Multivariate regression tested the relationship between HRV and BP
responses.

Results: Compared to CONTROL, after the GEST ASBP significantly increased over awake (21.7+3.4mmHg, p=0.003) and 19hr (15.8+2.2mmHg,
p=0.002), and exhibited a statistically trending increase over-sleep (7.9+2.9mmHg, p=0.055). Compared to CONTROL, after the GEST ADBP showed
a statistically trending increase over awake (8.8+3.9 mmHg, p=0.091), sleep (8.2+4.3mmHg, p=0.134), and 19hr (8.6+3.5mmHg, p=0.072). Compa-
red to CONTROL, after the GEST LF/HF significantly increased over awake (1.9+0.5, p=0.015), and displayed a statistically trending increase over
19hr (0.8+0.5 p=0.155). LF/HF statistically tended to explain up to 59.3% of the variance in the SBP response over 19hr (r:-0.77, p=0.068) and signi-
ficantly explained 84.5% of the variance in the DBP response over awake (r:-0.92, p=0.014).

Conclusion: Sudden vigorous exertion evoked postexercise hypertension as opposed to PEH among firefighters with elevated BP. Reasons for these
unexpected findings are not clear but may reside in a compensatory baroreflex response to sympathetic predominance as reflected by higher LF/HF
due to either increased sympathetic or decreased parasympathetic modulation.
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Amag: Bu calismanin amaci, hipertansiyonlu itfaiyeciler arasinda maksimum kardiyopulmoner stres testi sonrasinda olabilecek egzersiz sonrasi hipo-
tansiyon ve kalp atim degiskenligi cevaplarini incelemektir.

Gereg ve Yontemler: calismaya orta yash (40.6+6.2), asin kilolu (28.1+3.9kg.m?), yiksek kan basincina (Sistolik: 126.4+9.5mmHg / Diastolik:
85.6:+5.9mmHg) ve normal kalp atim sayisina (71.1+11.2bpm) sahip erkek itfaiyeciler (n=5) katildi. itfaiyeciler maksimum kardiyopulmoner stres testi ve
herhangi bir egzersiz icermeyen kontrol streclerini randomize sekilde tamamladi. Katilimcilara kardiyopulmoner stres testi ve kontrol sonrasi 19 saat
sUreyle ambulatuvar kan basing 6lcer ve kalp atim monitdri takildi. Ambulatuvar sistolik ve diastolik kan basinci ile kalp atim degiskenligi dustk (LF) ve
ylUksek (HF) frekanslar uyanik (11saat), uyku (8saat) ve 19 saat slrelerince bir saat araliklarla élgtldU. Tekrarlanan dlglim varyans ve gok degiskenli
regresyon analizleri kullanilarak kan basinci ve kalp atm degiskenliginin 19 saat boyunca ve deneysel durumlar arasinda degisip degismedigi test
edildi.

Bulgular: Kontrol grubuyla karsilastiridiginda, kardiyopulmoner stres testi sonrasi ambulatuvar sistolik kan basinci uyanik dénemde (21.7+3.4mmHg,
p=0.003) ve 19 saat (15.8+2.2mmHg, p=0.002) siiresince anlamii artis gésterdi. istatistiksel anlamliiga ulagiimamasina ragmen ambulatuvar sistolik
kan basinci uyku (7.9+2.9mmHg, p=0.055) saatlerinde artis egilimi gosterdi. Yine istatistiksel anlamliiga ulagimamasina ragmen kontrol grubuyla karsi-
lastinldiginda, kardiyopulmoner stres testi sonrasi ambulatuvar diyastolik kan basinci uyanik (8.8+3.9mmHg, p=0.091), uyku (8.2+4.3mmHg, p=0.134)
ve 19 saat (8.6+3.5mmHg, p=0.072) sUrelerinde artis egilimi gdsterdi. Kontrol grubuyla karsilastinldiginda, kardiyopulmoner stres testi sonrasi, LF/HF
uyku (1.9+0.5, p=0.015) saatlerinde anlamii artis gésterdi. Istatistiksel anlamliiga ulagimamasina ragmen, LF/HF 19 saat (0.8+0.5 p=0.155) siiresince
artis egilimi gosterdi. LF/HF degiskeni uyku saatlerinde ortaya ¢ikan diyastolik kan basinindaki degisimin %84.5’ini (r:-0.92, p=0.014) agiklarken, ista-
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tistiksel olarak anlamii diizeye ulasamasa da, 19 saat slresince orataya gikan sistolik kan basincindaki degisimin %59.3’0nU agiklama egilimi gdsterdi

(r:-0.77, p=0.068).

Sonug: itfaiyecilikle iligkilendirilen ani yilksek siddetli efor, egzersiz sonrasi hipotansiyon yerine hipertansiyon yanita yol agti. Bu beklenmedik bulgularin
nedenleri belirsiz olmasina karsin, barorefleks mekanizmasinin baskin sempatik yanita (ylksek LF/HF) karsi gosterebilecedi negatif yanitin nedenlerden

biri olabilecegi disUnulmustdr.

Anahtar Sozciikler: Kan basinci, egzersiz, kalp atimi, hipertansiyon, egzersiz sonrasi hipotansiyon

INTRODUCTION

The National Fire Protection Association (NFPA) estimates
that approximately 1.2 million firefighters serve in the Uni-
ted States (U.S.), with near 350.000 or 30% being career fi-
refighters (1). The leading cause of on-duty death among
firefighters in the U.S. is sudden cardiac death (SCD), acco-
unting for approximately 42% of on-duty fatalities (2). Con-
sidering firefighters play a vital role in life safety, property
conservation, and incident stabilization, optimizing their
health and safety is a significant public health issue (3). Re-
asons for the increased incidence of sudden cardiac death
(SCD) among firefighters remain unclear but is thought to
be due to the excessive physical demands of firefighting co-
upled with underlying subclinical cardiovascular disease
(CVD) (4).

Hypertension is the most common, prevalent and modifiab-
le risk factor for CVD in the general population (5). There is
a disproportionate prevalence of hypertension among fire-
fighters (30%) compared to the general population and ot-
her emergency responders including police (21%-23%) and
emergency medical technicians (9%) (6). Furthermore, fire-
fighter mortality is 12 times more likely among those that
have hypertension posing a greater risk of mortality than
the other major CVD risk factors of diabetes (10.2 times),
smoking (8.6 times), and dyslipidemia (4.4 times) (7). Even
in the absence of hypertension, firefighters are 64 times
more likely to suffer from a heart attack when they are in-
volved in physically demanding emergency tasks than at
rest (7). Lifestyle strategies, such as regular aerobic exercise
are effective in preventing, treating and controlling hyper-
tension (8), and thereby, reducing the risk of CVD and rela-
ted events. Regular exercise participation reduces systolic
BP (SBP) 5-8 mmHg among individuals with hypertension
(9) mitigating the risk of having an acute cardiac event by
20-30% (8-10).

Several recent lines of evidence suggest the BP reductions
that result from long-term aerobic exercise training are rela-
ted to the short-term BP reductions following an acute exer-
cise session, termed postexercise hypotension (PEH), that-
persists for 24 hr after a bout of exercise (11-17). Although
there is no consensus on the mechanisms of PEH, it has
been reported that PEH occurs due to persistent reductions
in systemic vascular resistance (SVR) without concomitant
increases in cardiac output (CO) among individuals who are
healthy other than their hypertension (18). Suppression of
sympathetic nerve activity resulting from baroreflex reset-
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ting following exercise contributes to the reductions in SVR
that is thought to produce PEH (19,20). These actions indi-
cate that there is a role of autonomic nervous system acti-
vity in PEH that remains to be better elucidated (21-23).
Surprisingly, PEH and associated autonomic nervous sys-
tem responses as measured by frequency and time domains
of heart rate variability (HRV) have not been examined un-
der ambulatory conditions among career firefighters.

HRV is the beat-to-beat fluctuations in the time between se-
quential heartbeats. The time domain measures demonstra-
te the variance between sequential R-R intervals and are
used to quantify the amount of variability during the recor-
ding (24). Frequency domain measures are calculated from
the power or variance spectral density analysis of the R-R
interval time series (24). This analysis provides information
on how the power (i.e., variance of a rhythm) is distributed
as a unit of frequency in the hertz (Hz) (24). The aim of this
study is to investigate the relationship between PEH and
domains of HRV following a bout of sudden vigorous physi-
cal exertion among career firefighters. We hypothesize fire-
fighters would experience PEH after a GEST that would be
partially explained by alterations in the domains of HRV.

MATERIAL and METHODS

Subjects. Subjects were required to stop taking any medi-
cations (e.g., oral steroids, aspirin, and herbal) that could
possibly influence BP and HRV at least 4 wk prior to testing.
Subjects with musculoskeletal impairments were not enrol-
led if these conditions restricted their ability to complete
the GEST. The subjects’ weight was monitored throughout
study duration to ensure weight stability defined as gaining
or losing <2.25 kg of baseline body weight by the National
Weight Control Registry (25). All subjects completed an in-
formed consent approved by the Institutional Review Bo-
ards of the Hartford Hospital and University of Connecticut
(Protocol#: H14-183HH and Approval Date: 3/16/2015).

Experiments

Subjects completed the GEST and CONTROL at the same
time of day separated by a minimum of 48 hr to avoid the
confounding effects of acute exercise and diurnal variation
on BP and HRV (26,27). The participants were instructed to
consume a standard breakfast 2 to 3 hr before the experi-
ments and refrain from caffeinated beverages for 6 hr befo-
re the experiments. At the beginning of GEST and CONT-
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ROL, baseline HRV was recorded with a V800™ HR moni-
tor for 5 min in supine position in the beginning of 25 min
period, whereas baseline SBP and DBP were obtained every
other minute with the automated monitor for 25 min at rest.
During the 45-min postexercise recovery period following
the GEST and CONTROL, the same 5 min of HRV measure-
ment in supine position was performed in the first 5 min of
45 min period, whereas SBP and DBP were measured every
2 min for 45 min with the same automated monitor. The
subjects left the laboratory wearing ABP and HR monitors
after the experiments until the following morning and re-
turned them to the research assistant. An average ABP and
HR monitor attachment time was 8:30+0:28 am.

The Peak Cardiopulmonary Graded Exercise Stress Test

After baseline HRV and BP measurements were taken, the
study physician or his assistant reviewed subjects’ BP sta-
tus, medical history, medications and family history. Later,
a respiratory apparatus was placed on each subject (Parvo-
MedicsTrueOne® 2400 Metabolic Measurement System,
ParvoMedics Inc., Sandy, UT) to measure peak oxygen con-
sumption (VO,peax) through breath-by-breath analysis of
expired gases. Following a 2—5 min seated stabilization pe-
riod, participants performed the GEST to exhaustion that
consisted of a graded cardiopulmonary exercise test with
the Balke protocol (28) on a treadmill. During the GEST, HR
was recorded continuously with a 12-lead electrocardiog-
raph (Marquette Case 8000, Jupiter, FL), and BP was obta-
ined every 3 min by auscultation. The study physician was
present during the GEST to monitor the subjects and revi-
ewed the ECG for signs of ischemia after the test. Following
the GEST, subjects were at rest for 45 min of post-exercise
recovery. At the beginning of post-exercise recovery HRV
was measured for 5 min in supine position and BP was me-
asured in the seated position every other minute for 45 min.
Then, subjects were attached to the automated ABP and HR
monitors and left the laboratory with monitors until the
next morning.

Non-Exercise Control

After baseline HRV and BP measurements were taken, sub-
jects performed 30 min of seated rest during which HR was
recorded continuously with a 12-lead electrocardiograph,
and BP was obtained every 3 min by auscultation. CONT-
ROL subjects were at rest for another 45 min with HRV me-
asured for 5 min in supine position at the beginning and BP
was measured every 2 min for 45 min in the seated position.
Subjects then left the laboratory wearing the ABP and HR
monitors until the next morning.

Blood Pressure. Resting BP was measured according to the
American Heart Association (AHA) standards using an
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automated BpTRUTM monitor (BPM 200 BpTRUTM Medical
Devices; Coquitlam, Canada) (29).

Subjects were then attached to an ABP monitor (Oscar2
automatic noninvasive ABP monitor, Suntech Medical Inst-
ruments Inc., Raleigh, NC) with a calibration check done by
a mercury sphygmomanometer. The ABP monitor was prog-
rammed to record BP at regular intervals three times per
waking hour and two times per sleeping hour. Subjects
were asked to proceed with normal activities, not to exerci-
se, and to keep their arm still and extended at their side
when each ABP measurement was being taken. Study parti-
cipants were given a standard journal to record activities
performed during each measurement, any unusual physi-
cal or emotional events, and sleep and wake times. The
next morning, they detached the monitor and physically
returned it along with the journal that day to the study in-
vestigators at the local fire department or Hartford Hospital
based upon their convenience. The research assistant exa-
mined the journal and ABP reports after each visit for any
unusual physical or emotional events that may have impac-
ted readings. We removed ABP readings of SBP >220 or <80
mmHg or DBP >130 or <40 mmHg according to the manufac-
turer’s exclusion criteria. ABP reports were valid if we rece-
ived at least 80% of the potential BP readings. The ABP
data was averaged over hourly intervals for the awake, sle-
ep, and 19 hr.

Heart Rate Variability. The HRV assessments were perfor-
med for 5 min in supine position before and after GEST and
CONTROL in a quiet, low-light, and temperature-controlled

room after a 5 min rest period using the Polar® V8oo™ HR

monitor and Polar® H7 chest strap. The Polar® H7 chest st-
rap was placed below the chest muscles with conductive
gel and applied as described by the manufacturer. The Po-
lar® V800™ HR monitor was removed after the completion
of the resting HRV assessment. After the GEST and CONT-
ROL prior to leaving the laboratory, subjects were fitted
with the same Polar® V800™ HR monitor and Polar® Hy
chest strap for the assessment of ambulatory HRV over 19
hr. The next morning, they detached the HRV monitor and
physically returned it that day to the study investigators at
a local fire department or Hartford Hospital based upon
their convenience. The ambulatory HRV data was averaged
over hourly intervals for the awake, sleep, and 19 hr.

Both the resting and ambulatory HRV recordings were
made at a sampling frequency of 1,000 Hz. The Polar® Hy
chest strap simultaneously transmitted the HR and R-R in-

tervals to the Polar® V800™ HR monitor where the data
were stored. Subsequently, R-R intervals were downloaded
through the Polar Flow Software (Version 2.3; Polar Electro
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Oy, Kempele, Finland) to a computer and exported in ASCII
format. Kubios HRV Premium 3.1 (The Biomedical Signals
Analysis and Medical Imaging Group, University of Kuopio,
Finland) analyzed the selected segments to obtain the time
and frequency domain measures.

The time domain measures included standard deviation of
normal R-R intervals (SDNN), root mean square of successi-
ve differences in normal R-R intervals (RMSSD), and per-
centage of successive normal R-R intervals greater than 50
ms (pNN50%). Autoregressive model was used to quantify
power spectrum density into absolute low frequency (LF

ms?: 0.04-0.15 Hz) and absolute high frequency (HF ms?:
0.15-0.40 Hz) domains. In addition, normalized LF (LF nu),
normalized HF (HF nu), and LF/HF ratio were calculated.
Artifacts including ectopic beats, missing beats, arrhythmi-
as and noise were corrected with interpolated values using
the threshold-based correction method of the software pac-
kage. Our recent paper (30) showed that threshold-based
correction method is a better artifact correction method
than the automatic correction method of the Kubios Premi-
um when the Polar HR monitor is used for resting HRV me-
asurement. The average percentage of corrected artifacts by
the threshold-based correction method was 1.6%z0.8.

Body Composition

Body mass index (BMI) kg/m? was calculated from body
weight and height obtained with a calibrated balance beam
weight scale and stadiometer (Seca 700 Balance Beam Sca-
le, California, USA). Waist circumference (WC) was measu-
red with a non-flexible Gulick tape measure at the narro-
west part of the torso (31).

Blood Sampling and Analysis

Subjects reported to Department of Preventive Cardiology at
Hartford Hospital after a 10 hr overnight fasting to obtain a

cardiometabolic profile and baseline biomarkers associated
with cardiovascular disease on the GEST visit. Prior to and
immediately after the GEST, a trained phlebotomist collec-
ted five tubes of venous blood (52 cc or 3.5 tablespoons)
from the antecubital vein of each subject for the determina-
tion of fasting lipid-lipoproteins, glucose, insulin, and high
sensitivity C-reactive protein (hs-CRP) (Quest Diagnostics,
LLC). Serum samples were archived in a locked -81° freezer
at Hartford Hospital. All samples were sent to Quest Diag-
nostics® to be analyzed in batch. Briefly, serum total cho-
lesterol, triglycerides, high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-C)
were determined by colorimetric enzymatic assays. Serum
glucose and insulin were determined by enzymatic/spect-
rophotometric methods and radioimmunoassay, respecti-
vely. Serum hs-CRP was determined by immunoturbidi-
metry. Results were reported according to Clinical Labora-
tory Improvement Amendments (CLIA) standards.

Statistical Analysis

Descriptive statistics were calculated on all study variables
and data were reported as mean + SD. Repeated measures
analysis of covariance (RMANCOVA) compared BP and HRV
between GEST and CONTROL at hourly intervals under am-
bulatory conditions over 19hr. The ABP and HRV changes in
response versus control were calculated as follows: [(GEST
BP or HRV at each hourly interval - GEST BP or HRV baseli-
ne) - (CONTROL BP or HRV at each hourly interval - CONT-
ROL BP or HRV baseline)]. Simple linear regression was
used to test the relationship between the magnitude of the
ABP change and HRV change from baseline over awake,
sleep, and 19 hr after versus before the GEST versus CONT-
ROL. All statistical analyses were made with the Statistical
Package for Social Sciences Version 20.0 for Windows (SSS,
Inc, Chicago, IL) with p<o.05 established as the level of sta-
tistical significance.

Table 1. Subject Descriptive Characteristics for the Total Sample and by Subject (Mean+SD)

SubjectAgeHeightweight wc BMI HR SBP  DBP ate o
#  (yn (cm) (kg) (cm)(kg,/m?(bpm)(mmHg)(mmHg)Fressure (ml-kg/min
Y g (kg/m?) g 9 broduct” "

1 42 171 72 76 245 63 117 86 7.4 50.4
2 33 174 76 85 252 58 123 80 71 517
3 50 170 96 99 331 84 138 94 116 34.3
4 36 191 100 Q9 314 81 135 88 10.9 375
5 42 182 86 86 261 72 119 80 8.6 42.2
a w o X o o = R g
2 & 4 - - & ) & "
5 & v g & = d ol g ! &
d ¢ 8 g % & F 8% & 9 @

BMI: Body Mass Index; CRP: C-Reactive Protein; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure; TC: Total Cholesterol; TG, Triglycerides; VO2max: maximum oxygen

LDL-C HDL-C TG Glucose Insulin Fibrinogen CRP Medication

(mg/dL)Ymg/dL)Xmg/dL)mg/dL)Xmg/dL)(ulU/mL) (mg/dL) (mg/dL) Use

215 143 58 71 112 23 233 05 None

206 133 59 68 79 28 241 07 None

207 132 48 136 152 13 306 47 None

223 144 56 113 100 4.3 233 03 None

Chlorthalidone

167 99 56 61 94 49 337 0.02 (25mg)

el 32} o Q <

- 0 m q ~ ) H

3 = S o N 5 3 -

2 a9 X @ N 0 2 N

g & B 2 & “ & -

consumption; WC: Weight Circumference. *Rate Pressure Product is calculated as (HR X SBP) 1073.
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RESULTS

Subjects. Table 1 displays the individual and mean+SD
descriptive characteristics of the subjects. Overall, the sub-
jects (n=5) were middle-aged and overweight and had hy-
pertension and dyslipidemia. Their fasting blood glucose,
insulin and fibrinogen levels were normal, hs-CRP levels
were desirable, and they had good cardiorespiratory fitness
levels for men of their age (ref). One subject was taking an-
tihypertensive medications for high BP.

Sudden vigorous physical exertion

Peak and Recovery Heart Rate, Blood Pressure, and
Pulse Pressure. None of our subjects (n=5) exhibited a hy-
pertensive response to the GEST as their SBP and DBP were
<210 mmHg and 110 mmHg, respectively. The peak HR, SBP,
DBP, RPP (rate pressure product) and PP (pulse pressure)
values of the subjects returned to their baseline levels wit-
hin an hour following the GEST prior to the attachment of
the ABP monitor (Table 2).

Table 2. The Peak and 1 Hour Post Heart Rate, Blood Pressure, and Pulse Pressure Responses to the Graded Exercise Stress Test (Mean+SD)

Subject Peak HR Post HR Peak SBP Post SBP Peak DBP Post DBP Peak Rate Pressure Post Rate pressure Peak PP Post PP
# (bpm) (bpm) (mmHg) (mmHg) (mmHg) (mmHg) Product Product” (mmHg) (mmHg)
1 173 81 192 117 88 67 332 95 104 50
2 184 83 204 123 70 79 375 102 134 53
3 171 114 208 138 74 83 356 157 134 45
4 181 92 182 135 80 77 329 124 102 54
5 187 112 146 119 78 112 27.3 133 68 41

*Q - N
i 2 g 3 2 g g e 9 & 2
=i & + + H + pri + B g \B'
g By I \g’ S 0% 0 o o ) )
= 5 & kS 0 ™~ & ™ e S <

HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure. “Rate Pressure Product is calculated as (HR X SBP) 1073.

Ambulatory Blood Pressure. After versus before the GEST
versus CONTROL, systolic ABP (ASBP) (126.4+9.5 mmHg)
significantly increased from baseline over awake an avera-
ge of 21.7+3.4mmHg (p=0.003). ASBP also significantly inc-
reased over 19 hr an average of 15.8+2.2 mmHg (p=0.002).
Moreover, ASBP exhibited a statistically trending increase
over-sleep an average of 7.9+2.9mmHg (p=0.055) (Figure 1).
After versus before the GEST versus CONTROL, diastolic
ABP (ADBP) (85.6+5.9 mmHg) also showed a statistically
trending increase from baseline over awake an average of
8.8+3.9 mmHg (p=0.091). Additionally, ADBP displayed a
statistically trending increase over-sleep an average of
8.2+43mmHg (p=0.134). Finally, ADBP showed a statisti-
cally trending increase over 19 hr an average of
8.6+3.5mmHg (p=0.072) (Figure 2).

| mExercise Control

250

200

%

-50
-100 J

Mean ASEP Chang

-20.0
-25.0
-30.0

Awake 19 hr

Figure 1. Mean systolic ambulatory blood pressure
(ASBP) from baseline following the GEST versus

CONTROL over the awake, sleep, and 19 hr. "p<0.05,
"'p<0.01, """ p<0.001 GEST vs CONTROL

Ambulatory Heart Rate Variability. After versus before
the GEST versus CONTROL, the LF/HF ratio significantly
increased from baseline over awake an average of 1.9+0.5 U
(p=0.015). Furthermore, the LF/HF ratio exhibited a statisti-
cally trending increase over 19 hr an average of 0.8t0.5 U
(p=0.155) (Figure 3). All other time and frequency HRV do-
mains were not different from baseline over awake, sleep or
19 hr after versus before the GEST versus CONTROL (all p
values >0.05) (Table 3).

m Exercise Control

Awake Sleep 19 hr

A . _
| 4
l

1

Mean ADBP Change {mm Hg)
&

Figure 2. Mean diastolic ambulatory blood pressure
(ADBP) change from baseline following the GEST

versus CONTROL over the awake, sleep, and 19 hr.
"p<0.05, "'p<0.01, " p<0.001 GEST vs CONTROL

102



B. Cilhoroz, A. Zaleski, B. Taylor, et. al.

Table 3. The Changes in HRV After Versus Before the GEST and CONTROL Over the Awake, Sleep, and 1ghr (Mean + SEM)

Variable Time GEST
Baseline 35.4+11.8
Awake 2212
SDNN Sleep 41%3.5
19 hr 0.4%1.7
Baseline 26.5t5.4
Awake -5.1%1.2
BRISSD Sleep 10.4%2.4
19 hr 14422
Baseline 7.3%73
o Awake -1.9+0.6
PNN50% Sleep 7816
19 hr 21#13
Baseline 045.3:215.3
Awake -23.9t551
2
LE(ms?) Sleep 4987+3335
19 hr 196.1#151.2
Baseline 282.3t93.9
2 Awake -60.9%17.2
HF (ms?) Sleep 227.9+66.5
19 hr 60.7+44.1
Baseline 77.3:3.8
Awake 6.5:2.0
LF (nw) Sleep -1.5%2.2
19 hr 3111
Baseline 22.6%3.7
Awake -6.52.0
HF (nw) Sleep 14% 22
19 hr -3.2+1.1

CONTROL GEST vs CONTROL
52.9%17.3 -17.424.8
-3.1%14 0.92.0
41522 -0.1#2.4
-0.1+1.4 0.4*15
44.2+23.1 -17.6:5.7
-23%15 -2.8+2.6
5328 51+2.2
0.9+17 0.5¢1.9
17.6+13.8 -10.2%3.2
-3.6:0.8 1713
3.9:1.8 3.8%14
-0.4%1.2 2.6+0.9
1999.8+626.6 -10.5t480.0
-331#99.0 9.2+137.7
511.0+212.1 -12.3t204.3
195.9+120.5 0.2+1137

642.9¢5475 -360.5+165.2
-67.6x475 6.6+53.8
141.7+70.6 86.1+30.6
20.5t46.2 401357
76.6:8.1 0.6:0.7
3.5%3.0 3.0:17
-05t1.6 -11+3.1
1.8+1.8 1.3:1.8
23.2+8.0 -0.6:07
-353.0 -3.0%17
0.5:1.6 0.9+3.2
-1.8+1.8 -1.3#1.8

Standard deviation of normal-to-normal RR intervals (SDNN), Root mean square of successive RR interval differences (RMSSD), Relative number of successive RR
interval pairs that differ more than 50 msec (pNN50%), low frequency in absolute power (LF ms2), high frequency in absolute power (HF ms2), low frequency in

normalized units (LF nu), low frequency in normalized units (HF nu). All ps>0.05.

Relationship between Ambulatory Blood Pressure and
Heart Rate Variability. As the LF/HF ratio over 19 hr incre-
ased, ASBP exhibited a statistically trending decrease follo-
wing the GEST versus CONTROL (r=-0.77; p=0.068). This ac-
counts for 59.3% of the variability in the ASBP response
over 19 hr. In addition, as the LF/HF ratio over 19 hr incre-
ased, ADBP significantly decreased over awake after versus
before the GEST versus CONTROL (r=-0.92; p=0.014). This
explains 84.5% of the variability in ADBP response over
awake. No other HRV domains were correlated with the
ASBP and ADBP responses over awake, sleep and 19 hr (all
p values >0.05) (Table 3).

| m Exercise Control

Mean LF/HEF Change
[FS]

—

Sleep ' 19 hr

Awake

Figure 3. Mean ambulatory LF/HF change from
baseline following the GEST versus CONTROL over

awake, sleep, and 19 hr. "p<0.05, "'p<0.01, " p<0.001
GEST vs CONTROL

DISCUSSION

We examined the influence of a bout of maximal physical exertion
on the ABP and HRV responses over 19 hr on non-workdays
among a small sample of middle-aged male career firefighters
with elevated BP. ASBP increased from baseline by 15.7 mmHg fol-
lowing the GEST compared to CONTROL. In addition, the LF/HF
ratio tended to increase from baseline by 0.8 U explaining 59.3%
of the variability in the ASBP response and 85.4% of the variabi-
lity in ADBP response over awake.

Contrary to our hypothesis that the firefighters would exhibit PEH
as our (17,18,32,33) and others’ (13,14,16,20)laboratory groups have
observed in similar populations of overweight men with hyperten-
sion and dyslipidemia, we found that the firefighters exhibited
postexercise hypertension following an acute bout of sudden vigo-
rous exertion. This unexpected finding suggests that firefighters
may have an adverse BP response to sudden vigorous exertion
that may contribute to the greater number of cardiac events obser-
ved among firefighters. Of note, none of our subjects exhibited a
hypertensive response to the GEST despite of all having hyperten-
sion. The peak SBP and DBP responses of all the subjects to the
GEST were < 210 mmHg and <110 mmHg, respectively (Table 2).
Further, the SBP and DBP values returned to baseline values wit-
hin an hour following the GEST. Therefore, we conclude that the
potential differences in the peak BP response to the GEST did not
impact the postexercise hypertensive response ohserved in our
study.

Horn et al. (34) studied the BP response following 18 min of fire-
fighting drills (e.g., stair climbing, simulated forcible entry, a si-
mulated search, and simulated hose advance) consisting of nine
2-minute periods of alternating rest and work cycles among fire-
fighters with elevated to Stage 1 hypertension according to the Jo-
int National Committee Seven criteria (9). In contrast to our fin-
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dings, these authors found SBP and DBP decreased by 9 mmHg
and 3 mmHg, respectively, during 120 min of recovery after the fi-
refighting drills. Reasons for the discrepancy between our fin-
dings and those of Horn et al. (34) are not clear but may be attri-
buted to differences in our experimental designs that include the
firefighters in our study being studied under ambulatory conditi-
ons on non-work days, different types of vigorous physical exerti-
on that were attempts to simulate the extreme conditions of fire-
fighting, and application of cooling rehabilitation prior to reco-
very in their study.

Autonomic modulation of heart is of notable role in the pathoge-
nesis of arrhythmic death (36). In our study, we observed that the
LF/HF ratio increased from baseline by 0.8 U over 19 hr, sugges-
ting sympathetic predominance due to either increased sympathe-
tic or decreased parasympathetic modulation of the heart. Simi-
larly, Al-Zaiti et al. (36) investigated the clinical risk factors of SCD
among firefighters with elevated BP that performed 20 min of phy-
sical exertion separated by 10 min breaks that included fire supp-
ression and roof chopping activities. They found over 40% of fire-
fighters had a SDNN <50 ms during 20 min of recovery following
these firefighting tasks, again suggesting sympathetic predomi-
nance. Our findings and those of Al-Zaiti et al. (36) indicate that
suboptimal vagal control may partially explain the postexercise
hypertensive response and perhaps higher prevalence of cardiac
events among firefighters. Additionally,we observed an inverse re-
lationship between the LF/HF ratio and ABP response to the GEST
compared to CONTROL among this small sample of firefighters,
further supporting this premise.

The small sample size in our study limits the extrapolation of our
findings to the general firefighter population. Nonetheless, they
are provocative and warrant further investigation in a large, more
diverse population of firefighters due to their potential to provide
insight into reasons why firefighters incur a disproportionate
number of cardiac events both on and off the job. Additionally, we
are aware that the physical exertion (GEST) in our study may not
have simulated actual cardiovascular strain associated with fire-
fighting. Strengths of our study include the random assignment of
the subjects to the experimental conditions and controlled admi-
nistration of the procedures that accounted for the circadian
rhythm of BP and HRV under ambulatory conditions.

CONCLUSION

Contrary to our hypothesis, we found in a small sample of firefigh-
ters exhibited postexercise hypertension as opposed to PEH follo-
wing a bout of vigorous exertion compared to CONTROL over 19
hr. Further, our HRV results suggests predominant sympathetic
influence on the heart resulting from parasympathetic withdrawal
or higher sympathetic activity that also accounted for 59% to 84%
of the ABP response to vigorous physical exertion. These findings
provide potential pathophysiological explanations for the dispro-
portionate cardiac events among firefighters both on and off the
job during line-of-duty that merit confirmation among a larger,
more diverse sample of firefighters.

Sudden vigorous physical exertion
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