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The ambulatory blood pressure and heart rate var�ab�l�ty responses follow�ng sudden v�gorous
phys�cal exert�on among f�ref�ghters w�th hypertens�on

H�pertans�yonlu �tfa�yec�ler arasında an� yüksek ş�ddetl� f�z�ksel efor sonrası ambulatuvar kan
basıncı ve kalp atım hızı değ�şkenl�ğ� yanıtları
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ABSTRACT

Object�ve: 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.

Mater�als and Methods: Firefighters (n=5) who were middle-aged (40.6±6.2yr) and overweight (28.1±3.9kg.m-2) 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 HRV 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).
Conclus�on: Sudden vigorous exertion evoked postexerc�se hypertens�on 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.

Keywords: Blood pressure, exercise, heart rate, hypertension, postexercise hypotension

ÖZ

Amaç: Bu çalışmanın amacı, hipertansiyonlu itfaiyeciler arasında maksimum kardiyopulmoner stres testi sonrasında olabilecek egzersiz sonrası hipo‐
tansiyon ve kalp atım değişkenliği cevaplarını incelemektir.

Gereç ve Yöntemler: çalışmaya orta yaşlı (40.6±6.2), aşırı kilolu (28.1±3.9kg.m-2), yüksek kan basıncına (Sistolik: 126.4±9.5mmHg / Diastolik:
85.6±5.9mmHg) ve normal kalp atım sayısına (71.1±11.2bpm) sahip erkek itfaiyeciler (n=5) katıldı. İtfaiyeciler maksimum kardiyopulmoner stres testi ve
herhangi bir egzersiz içermeyen kontrol süreçlerini randomize şekilde tamamladı. Katılımcılara kardiyopulmoner stres testi ve kontrol sonrası 19 saat
süreyle ambulatuvar kan basınç ölçer ve kalp atım monitörü takıldı. Ambulatuvar sistolik ve diastolik kan basıncı ile kalp atım değişkenliği düşük (LF) ve
yüksek (HF) frekansları uyanık (11saat), uyku (8saat) ve 19 saat sürelerince bir saat aralıklarla ölçüldü. Tekrarlanan ölçüm varyans ve çok değişkenli
regresyon analizleri kullanılarak kan basıncı ve kalp atım değişkenliğinin 19 saat boyunca ve deneysel durumlar arasında değişip değişmediği test
edildi.
Bulgular: Kontrol grubuyla karşılaştırıldığında, kardiyopulmoner stres testi sonrası ambulatuvar sistolik kan basıncı uyanık dönemde (21.7±3.4mmHg,
p=0.003) ve 19 saat (15.8±2.2mmHg, p=0.002) süresince anlamlı artış gösterdi. İstatistiksel anlamlılığa ulaşılmamasına rağmen ambulatuvar sistolik
kan basıncı uyku (7.9±2.9mmHg, p=0.055) saatlerinde artış eğilimi gösterdi. Yine istatistiksel anlamlılığa ulaşılmamasına rağmen kontrol grubuyla karşı‐
laştırıldığında, kardiyopulmoner stres testi sonrası ambulatuvar diyastolik kan basıncı uyanık (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) sürelerinde artış eğilimi gösterdi. Kontrol grubuyla karşılaştırıldığında, kardiyopulmoner stres testi sonrası, LF/HF
uyku (1.9±0.5, p=0.015) saatlerinde anlamlı artış gösterdi. İstatistiksel anlamlılığa ulaşılmamasına rağmen, LF/HF 19 saat (0.8±0.5 p=0.155) süresince
artış eğilimi gösterdi. LF/HF değişkeni uyku saatlerinde ortaya çıkan diyastolik kan basınındaki değişimin %84.5’ini (r:-0.92, p=0.014) açıklarken, ista‑
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tistiksel olarak anlamlı düzeye ulaşamasa da, 19 saat süresince orataya çıkan sistolik kan basıncındaki değişimin %59.3’ünü açıklama eğilimi gösterdi
(r:-0.77, p=0.068).
Sonuç: İtfaiyecilikle ilişkilendirilen ani yüksek şiddetli efor, egzersiz sonrası hipotansiyon yerine hipertansiyon yanıta yol açtı. Bu beklenmedik bulguların
nedenleri belirsiz olmasına karşın, barorefleks mekanizmasının baskın sempatik yanıta (yüksek LF/HF) karşı gösterebileceği negatif yanıtın nedenlerden
biri olabileceği düşünülmüştür.
Anahtar Sözcükler: Kan basıncı, egzersiz, kalp atımı, hipertansiyon, egzersiz sonrası hipotansiyon

INTRODUCTION

The Nat�onal F�re Protect�on Assoc�at�on (NFPA) est�mates
that approx�mately 1.2 m�ll�on f�ref�ghters serve �n the Un�-
ted States (U.S.), w�th near 350.000 or 30% be�ng career f�-
ref�ghters (1). The lead�ng cause of on-duty death among
f�ref�ghters �n the U.S. �s sudden card�ac death (SCD), acco-
unt�ng for approx�mately 42% of on-duty fatal�t�es (2). Con-
s�der�ng f�ref�ghters play a v�tal role �n l�fe safety, property
conservat�on, and �nc�dent stab�l�zat�on, opt�m�z�ng the�r
health and safety �s a s�gn�f�cant publ�c health �ssue (3). Re-
asons for the �ncreased �nc�dence of sudden card�ac death
(SCD) among f�ref�ghters rema�n unclear but �s thought to
be due to the excess�ve phys�cal demands of f�ref�ght�ng co-
upled w�th underly�ng subcl�n�cal card�ovascular d�sease
(CVD) (4).

Hypertens�on �s the most common, prevalent and mod�f�ab-
le r�sk factor for CVD �n the general populat�on (5). There �s
a d�sproport�onate prevalence of hypertens�on among f�re-
f�ghters (30%) compared to the general populat�on and ot-
her emergency responders �nclud�ng pol�ce (21%-23%) and
emergency med�cal techn�c�ans (9%) (6). Furthermore, f�re-
f�ghter mortal�ty �s 12 t�mes more l�kely among those that
have hypertens�on pos�ng a greater r�sk of mortal�ty than
the other major CVD r�sk factors of d�abetes (10.2 t�mes),
smok�ng (8.6 t�mes), and dysl�p�dem�a (4.4 t�mes) (7). Even
�n the absence of hypertens�on, f�ref�ghters are 64 t�mes
more l�kely to su�er from a heart attack when they are �n-
volved �n phys�cally demand�ng emergency tasks than at
rest (7). L�festyle strateg�es, such as regular aerob�c exerc�se
are e�ect�ve �n prevent�ng, treat�ng and controll�ng hyper-
tens�on (8), and thereby, reduc�ng the r�sk of CVD and rela-
ted events. Regular exerc�se part�c�pat�on reduces systol�c
BP (SBP) 5-8 mmHg among �nd�v�duals w�th hypertens�on
(9) m�t�gat�ng the r�sk of hav�ng an acute card�ac event by
20-30% (8–10).

Several recent l�nes of ev�dence suggest the BP reduct�ons
that result from long-term aerob�c exerc�se tra�n�ng are rela-
ted to the short-term BP reduct�ons follow�ng an acute exer-
c�se sess�on, termed postexerc�se hypotens�on (PEH), that-
pers�sts for 24 hr a�er a bout of exerc�se (11–17). Although
there �s no consensus on the mechan�sms of PEH, �t has
been reported that PEH occurs due to pers�stent reduct�ons
�n system�c vascular res�stance (SVR) w�thout concom�tant
�ncreases �n card�ac output (CO) among �nd�v�duals who are
healthy other than the�r hypertens�on (18). Suppress�on of
sympathet�c nerve act�v�ty result�ng from barore�ex reset-

t�ng follow�ng exerc�se contr�butes to the reduct�ons �n SVR
that �s thought to produce PEH (19,20). These act�ons �nd�-
cate that there �s a role of autonom�c nervous system act�-
v�ty �n PEH that rema�ns to be better eluc�dated (21–23).
Surpr�s�ngly, PEH and assoc�ated autonom�c nervous sys-
tem responses as measured by frequency and t�me doma�ns
of heart rate var�ab�l�ty (HRV) have not been exam�ned un-
der ambulatory cond�t�ons among career f�ref�ghters.

HRV �s the beat-to-beat �uctuat�ons �n the t�me between se-
quent�al heartbeats. The t�me doma�n measures demonstra-
te the var�ance between sequent�al R-R �ntervals and are
used to quant�fy the amount of var�ab�l�ty dur�ng the recor-
d�ng (24). Frequency doma�n measures are calculated from
the power or var�ance spectral dens�ty analys�s of the R-R
�nterval t�me ser�es (24). Th�s analys�s prov�des �nformat�on
on how the power (�.e., var�ance of a rhythm) �s d�str�buted
as a un�t of frequency �n the hertz (Hz) (24). The a�m of th�s
study �s to �nvest�gate the relat�onsh�p between PEH and
doma�ns of HRV follow�ng a bout of sudden v�gorous phys�-
cal exert�on among career f�ref�ghters. We hypothes�ze f�re-
f�ghters would exper�ence PEH a�er a GEST that would be
part�ally expla�ned by alterat�ons �n the doma�ns of HRV.

MATERIAL and METHODS

Subjects. Subjects were requ�red to stop tak�ng any med�-
cat�ons (e.g., oral stero�ds, asp�r�n, and herbal) that could
poss�bly �n�uence BP and HRV at least 4 wk pr�or to test�ng.
Subjects w�th musculoskeletal �mpa�rments were not enrol-
led �f these cond�t�ons restr�cted the�r ab�l�ty to complete
the GEST. The subjects’ we�ght was mon�tored throughout
study durat�on to ensure we�ght stab�l�ty def�ned as ga�n�ng
or los�ng <2.25 kg of basel�ne body we�ght by the Nat�onal
We�ght Control Reg�stry (25). All subjects completed an �n-
formed consent approved by the Inst�tut�onal Rev�ew Bo-
ards of the Hartford Hosp�tal and Un�vers�ty of Connect�cut
(Protocol#: H14-183HH and Approval Date: 3/16/2015).

Exper�ments

Subjects completed the GEST and CONTROL at the same
t�me of day separated by a m�n�mum of 48 hr to avo�d the
confound�ng e�ects of acute exerc�se and d�urnal var�at�on
on BP and HRV (26,27). The part�c�pants were �nstructed to
consume a standard breakfast 2 to 3 hr before the exper�-
ments and refra�n from ca�e�nated beverages for 6 hr befo-
re the exper�ments. At the beg�nn�ng of GEST and CONT‑
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ROL, basel�ne HRV was recorded w�th a V800TM HR mon�-
tor for 5 m�n �n sup�ne pos�t�on �n the beg�nn�ng of 25 m�n
per�od, whereas basel�ne SBP and DBP were obta�ned every
other m�nute w�th the automated mon�tor for 25 m�n at rest.
Dur�ng the 45-m�n postexerc�se recovery per�od follow�ng
the GEST and CONTROL, the same 5 m�n of HRV measure-
ment �n sup�ne pos�t�on was performed �n the f�rst 5 m�n of
45 m�n per�od, whereas SBP and DBP were measured every
2 m�n for 45 m�n w�th the same automated mon�tor. The
subjects le� the laboratory wear�ng ABP and HR mon�tors
a�er the exper�ments unt�l the follow�ng morn�ng and re-
turned them to the research ass�stant. An average ABP and
HR mon�tor attachment t�me was 8:30±0:28 am.

The Peak Card�opulmonary Graded Exerc�se Stress Test

A�er basel�ne HRV and BP measurements were taken, the
study phys�c�an or h�s ass�stant rev�ewed subjects’ BP sta-
tus, med�cal h�story, med�cat�ons and fam�ly h�story. Later,
a resp�ratory apparatus was placed on each subject (Parvo-
Med�csTrueOne® 2400 Metabol�c Measurement System,
ParvoMed�cs Inc., Sandy, UT) to measure peak oxygen con-
sumpt�on (VO2peak) through breath‐by‐breath analys�s of
exp�red gases. Follow�ng a 2–5 m�n seated stab�l�zat�on pe-
r�od, part�c�pants performed the GEST to exhaust�on that
cons�sted of a graded card�opulmonary exerc�se test w�th
the Balke protocol (28) on a treadm�ll. Dur�ng the GEST, HR
was recorded cont�nuously w�th a 12‐lead electrocard�og-
raph (Marquette Case 8000, Jup�ter, FL), and BP was obta-
�ned every 3 m�n by auscultat�on. The study phys�c�an was
present dur�ng the GEST to mon�tor the subjects and rev�-
ewed the ECG for s�gns of �schem�a a�er the test. Follow�ng
the GEST, subjects were at rest for 45 m�n of post-exerc�se
recovery. At the beg�nn�ng of post-exerc�se recovery HRV
was measured for 5 m�n �n sup�ne pos�t�on and BP was me-
asured �n the seated pos�t�on every other m�nute for 45 m�n.
Then, subjects were attached to the automated ABP and HR
mon�tors and le� the laboratory w�th mon�tors unt�l the
next morn�ng.

Non-Exerc�se Control

A�er basel�ne HRV and BP measurements were taken, sub-
jects performed 30 m�n of seated rest dur�ng wh�ch HR was
recorded cont�nuously w�th a 12‐lead electrocard�ograph,
and BP was obta�ned every 3 m�n by auscultat�on. CONT-
ROL subjects were at rest for another 45 m�n w�th HRV me-
asured for 5 m�n �n sup�ne pos�t�on at the beg�nn�ng and BP
was measured every 2 m�n for 45 m�n �n the seated pos�t�on.
Subjects then le� the laboratory wear�ng the ABP and HR
mon�tors unt�l the next morn�ng.

Blood Pressure. Rest�ng BP was measured accord�ng to the
Amer�can Heart Assoc�at�on (AHA) standards us�ng an

automated BpTRUTM mon�tor (BPM 200 BpTRUTM Med�cal
Dev�ces; Coqu�tlam, Canada) (29).

Subjects were then attached to an ABP mon�tor (Oscar2
automat�c non�nvas�ve ABP mon�tor, Suntech Med�cal Inst-
ruments Inc., Rale�gh, NC) w�th a cal�brat�on check done by
a mercury sphygmomanometer. The ABP mon�tor was prog-
rammed to record BP at regular �ntervals three t�mes per
wak�ng hour and two t�mes per sleep�ng hour. Subjects
were asked to proceed w�th normal act�v�t�es, not to exerc�-
se, and to keep the�r arm st�ll and extended at the�r s�de
when each ABP measurement was be�ng taken. Study part�-
c�pants were g�ven a standard journal to record act�v�t�es
performed dur�ng each measurement, any unusual phys�-
cal or emot�onal events, and sleep and wake t�mes. The
next morn�ng, they detached the mon�tor and phys�cally
returned �t along w�th the journal that day to the study �n-
vest�gators at the local f�re department or Hartford Hosp�tal
based upon the�r conven�ence. The research ass�stant exa-
m�ned the journal and ABP reports a�er each v�s�t for any
unusual phys�cal or emot�onal events that may have �mpac-
ted read�ngs. We removed ABP read�ngs of SBP >220 or <80
mmHg or DBP >130 or <40 mmHg accord�ng to the manufac-
turer’s exclus�on cr�ter�a. ABP reports were val�d �f we rece-
�ved at least 80% of the potent�al BP read�ngs. The ABP
data was averaged over hourly �ntervals for the awake, sle-
ep, and 19 hr.

Heart Rate Var�ab�l�ty. The HRV assessments were perfor-
med for 5 m�n �n sup�ne pos�t�on before and a�er GEST and
CONTROL �n a qu�et, low-l�ght, and temperature-controlled
room a�er a 5 m�n rest per�od us�ng the Polar® V800TM HR
mon�tor and Polar® H7 chest strap. The Polar® H7 chest st-
rap was placed below the chest muscles w�th conduct�ve
gel and appl�ed as descr�bed by the manufacturer. The Po-
lar® V800TM HR mon�tor was removed a�er the complet�on
of the rest�ng HRV assessment. A�er the GEST and CONT-
ROL pr�or to leav�ng the laboratory, subjects were f�tted
w�th the same Polar® V800TM HR mon�tor and Polar® H7
chest strap for the assessment of ambulatory HRV over 19
hr. The next morn�ng, they detached the HRV mon�tor and
phys�cally returned �t that day to the study �nvest�gators at
a local f�re department or Hartford Hosp�tal based upon
the�r conven�ence. The ambulatory HRV data was averaged
over hourly �ntervals for the awake, sleep, and 19 hr.

Both the rest�ng and ambulatory HRV record�ngs were
made at a sampl�ng frequency of 1,000 Hz. The Polar® H7
chest strap s�multaneously transm�tted the HR and R-R �n-
tervals to the Polar® V800TM HR mon�tor where the data
were stored. Subsequently, R-R �ntervals were downloaded
through the Polar Flow So�ware (Vers�on 2.3; Polar Electro
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Table 1. Subject Descriptive Characteristics for the Total Sample and by Subject (Mean±SD)

Subject
#

Age 
(yr)

Height 
(cm)

Weight
(kg)

WC
(cm)

BMI

(kg/m2)

HR 
(bpm)

SBP 
(mmHg)

DBP 
(mmHg)

Rate
Pressure
Product*

VO2max 

(ml•kg/min-

1)

TC 
(mg/dL)

LDL-C 
(mg/dL)

HDL-C 
(mg/dL)

TG 
(mg/dL)

Glucose 
(mg/dL)

Insulin 
(uIU/mL)

Fibrinogen 
(mg/dL)

CRP 
(mg/dL)

Medication 
Use

1 42 171 72 76 24.5 63 117 86 7.4 50.4 215 143 58 71 112 2.3 233 0.5 None
2 33 174 76 85 25.2 58 123 80 7.1 51.7 206 133 59 68 79 2.8 241 0.7 None
3 50 170 96 99 33.1 84 138 94 11.6 34.3 207 132 48 136 152 13 306 4.7 None
4 36 191 100 99 31.4 81 135 88 10.9 37.5 223 144 56 113 100 4.3 233 0.3 None

5 42 182 86 86 26.1 72 119 80 8.6 42.2 167 99 56 61 94 4.9 337 0.02 Chlorthalidone
(25mg)

BMI: Body Mass Index; CRP: C-React�ve Prote�n; DBP: D�astol�c Blood Pressure; SBP: Systol�c Blood Pressure; TC: Total Cholesterol; TG, Tr�glycer�des; VO2max: max�mum oxygen

consumpt�on; WC: We�ght C�rcumference. *Rate Pressure Product �s calculated as (HR X SBP) 10-3.

Oy, Kempele, F�nland) to a computer and exported �n ASCII
format. Kub�os HRV Prem�um 3.1 (The B�omed�cal S�gnals
Analys�s and Med�cal Imag�ng Group, Un�vers�ty of Kuop�o,
F�nland) analyzed the selected segments to obta�n the t�me
and frequency doma�n measures.

The t�me doma�n measures �ncluded standard dev�at�on of
normal R-R �ntervals (SDNN), root mean square of success�-
ve d��erences �n normal R-R �ntervals (RMSSD), and per-
centage of success�ve normal R-R �ntervals greater than 50
ms (pNN50%). Autoregress�ve model was used to quant�fy
power spectrum dens�ty �nto absolute low frequency (LF
ms2: 0.04–0.15 Hz) and absolute h�gh frequency (HF ms2:
0.15–0.40 Hz) doma�ns. In add�t�on, normal�zed LF (LF nu),
normal�zed HF (HF nu), and LF/HF rat�o were calculated.
Art�facts �nclud�ng ectop�c beats, m�ss�ng beats, arrhythm�-
as and no�se were corrected w�th �nterpolated values us�ng
the threshold-based correct�on method of the so�ware pac-
kage. Our recent paper (30) showed that threshold-based
correct�on method �s a better art�fact correct�on method
than the automat�c correct�on method of the Kub�os Prem�-
um when the Polar HR mon�tor �s used for rest�ng HRV me-
asurement. The average percentage of corrected art�facts by
the threshold-based correct�on method was 1.6%±0.8.

Body Composition

Body mass �ndex (BMI) kg/m2 was calculated from body
we�ght and he�ght obta�ned w�th a cal�brated balance beam
we�ght scale and stad�ometer (Seca 700 Balance Beam Sca-
le, Cal�forn�a, USA). Wa�st c�rcumference (WC) was measu-
red w�th a non-�ex�ble Gul�ck tape measure at the narro-
west part of the torso (31).

Blood Sampling and Analysis

Subjects reported to Department of Prevent�ve Card�ology at
Hartford Hosp�tal a�er a 10 hr overn�ght fast�ng to obta�n a

card�ometabol�c prof�le and basel�ne b�omarkers assoc�ated
w�th card�ovascular d�sease on the GEST v�s�t. Pr�or to and
�mmed�ately a�er the GEST, a tra�ned phlebotom�st collec-
ted f�ve tubes of venous blood (52 cc or 3.5 tablespoons)
from the antecub�tal ve�n of each subject for the determ�na-
t�on of fast�ng l�p�d-l�poprote�ns, glucose, �nsul�n, and h�gh
sens�t�v�ty C-react�ve prote�n (hs-CRP) (Quest D�agnost�cs,
LLC). Serum samples were arch�ved �n a locked -81º freezer
at Hartford Hosp�tal. All samples were sent to Quest D�ag-
nost�cs® to be analyzed �n batch. Br�e�y, serum total cho-
lesterol, tr�glycer�des, h�gh-dens�ty l�poprote�n cholesterol
(HDL-C) and low-dens�ty l�poprote�n cholesterol (LDL-C)
were determ�ned by color�metr�c enzymat�c assays. Serum
glucose and �nsul�n were determ�ned by enzymat�c/spect-
rophotometr�c methods and rad�o�mmunoassay, respect�-
vely. Serum hs-CRP was determ�ned by �mmunoturb�d�-
metry. Results were reported accord�ng to Cl�n�cal Labora-
tory Improvement Amendments (CLIA) standards.

Statistical Analysis

Descr�pt�ve stat�st�cs were calculated on all study var�ables
and data were reported as mean ± SD. Repeated measures
analys�s of covar�ance (RMANCOVA) compared BP and HRV
between GEST and CONTROL at hourly �ntervals under am-
bulatory cond�t�ons over 19hr. The ABP and HRV changes �n
response versus control were calculated as follows: [(GEST
BP or HRV at each hourly �nterval - GEST BP or HRV basel�-
ne) - (CONTROL BP or HRV at each hourly �nterval - CONT-
ROL BP or HRV basel�ne)]. S�mple l�near regress�on was
used to test the relat�onsh�p between the magn�tude of the
ABP change and HRV change from basel�ne over awake,
sleep, and 19 hr a�er versus before the GEST versus CONT-
ROL. All stat�st�cal analyses were made w�th the Stat�st�cal
Package for Soc�al Sc�ences Vers�on 20.0 for W�ndows (SSS,
Inc, Ch�cago, IL) w�th p<0.05 establ�shed as the level of sta-
t�st�cal s�gn�f�cance.
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RESULTS

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

(bpm)
Post HR
(bpm)

Peak SBP
(mmHg)

Post SBP
(mmHg)

Peak DBP
(mmHg)

Post DBP
(mmHg)

Peak Rate Pressure
Product

Post Rate pressure
Product*

Peak PP
(mmHg)

Post PP
(mmHg)

1 173 81 192 117 88 67 33.2 9.5 104 50
2 184 83 204 123 70 79 37.5 10.2 134 53
3 171 114 208 138 74 83 35.6 15.7 134 45
4 181 92 182 135 80 77 32.9 12.4 102 54
5 187 112 146 119 78 112 27.3 13.3 68 41

HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure. *Rate Pressure Product is calculated as (HR X SBP) 10-3.

Subjects. Table 1 d�splays the �nd�v�dual and mean±SD
descr�pt�ve character�st�cs of the subjects. Overall, the sub-
jects (n=5) were m�ddle-aged and overwe�ght and had hy-
pertens�on and dysl�p�dem�a. The�r fast�ng blood glucose,
�nsul�n and f�br�nogen levels were normal, hs-CRP levels
were des�rable, and they had good card�oresp�ratory f�tness
levels for men of the�r age (ref). One subject was tak�ng an-
t�hypertens�ve med�cat�ons for h�gh BP.

Peak and Recovery Heart Rate, Blood Pressure, and
Pulse Pressure. None of our subjects (n=5) exh�b�ted a hy-
pertens�ve response to the GEST as the�r SBP and DBP were
<210 mmHg and 110 mmHg, respect�vely. The peak HR, SBP,
DBP, RPP (rate pressure product) and PP (pulse pressure)
values of the subjects returned to the�r basel�ne levels w�t-
h�n an hour follow�ng the GEST pr�or to the attachment of
the ABP mon�tor (Table 2).

Ambulatory Blood Pressure. A�er versus before the GEST
versus CONTROL, systol�c ABP (ASBP) (126.4±9.5 mmHg)
s�gn�f�cantly �ncreased from basel�ne over awake an avera-
ge of 21.7±3.4mmHg (p=0.003). ASBP also s�gn�f�cantly �nc-
reased over 19 hr an average of 15.8±2.2 mmHg (p=0.002).
Moreover, ASBP exh�b�ted a stat�st�cally trend�ng �ncrease
over-sleep an average of 7.9±2.9mmHg (p=0.055) (F�gure 1).
A�er versus before the GEST versus CONTROL, d�astol�c
ABP (ADBP) (85.6±5.9 mmHg) also showed a stat�st�cally
trend�ng �ncrease from basel�ne over awake an average of
8.8±3.9 mmHg (p=0.091). Add�t�onally, ADBP d�splayed a
stat�st�cally trend�ng �ncrease over-sleep an average of
8.2±4.3mmHg (p=0.134). F�nally, ADBP showed a stat�st�-
cally trend�ng �ncrease over 19 hr an average of
8.6±3.5mmHg (p=0.072) (F�gure 2).

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 Var�ab�l�ty. A�er versus before
the GEST versus CONTROL, the LF/HF rat�o s�gn�f�cantly
�ncreased from basel�ne over awake an average of 1.9±0.5 U
(p=0.015). Furthermore, the LF/HF rat�o exh�b�ted a stat�st�-
cally trend�ng �ncrease over 19 hr an average of 0.8±0.5 U
(p=0.155) (F�gure 3). All other t�me and frequency HRV do-
ma�ns were not d��erent from basel�ne over awake, sleep or
19 hr a�er versus before the GEST versus CONTROL (all p
values >0.05) (Table 3).

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
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Table 3. The Changes in HRV After Versus Before the GEST and CONTROL Over the Awake, Sleep, and 19hr (Mean + SEM)
Variable Time GEST CONTROL GEST vs CONTROL

SDNN

Baseline 35.4±11.8 52.9±17.3 -17.4±4.8
Awake -2.2±1.2 -3.1±1.4 0.9±2.0
Sleep 4.1±3.5 4.1±2.2 -0.1±2.4
19 hr 0.4±1.7 -0.1±1.4 0.4±1.5

RMSSD

Baseline 26.5±5.4 44.2±23.1 -17.6±5.7
Awake -5.1±1.2 -2.3±1.5 -2.8±2.6
Sleep 10.4±2.4 5.3±2.8 5.1±2.2
19 hr 1.4±2.2 0.9±1.7 0.5±1.9

pNN50%

Baseline 7.3±7.3 17.6±13.8 -10.2±3.2
Awake -1.9±0.6 -3.6±0.8 1.7±1.3
Sleep 7.8± 1.6 3.9±1.8 3.8±1.4
19 hr 2.1±1.3 -0.4±1.2 2.6±0.9

LF (ms2)

Baseline 945.3±215.3 1999.8±626.6 -10.5±480.0
Awake -23.9±55.1 -33.1±99.0 9.2±137.7
Sleep 498.7±333.5 511.0±212.1 -12.3±204.3
19 hr 196.1±151.2 195.9±120.5 0.2±113.7

HF (ms2)

Baseline 282.3±93.9 642.9±547.5 -360.5±165.2
Awake -60.9±17.2 -67.6±47.5 6.6±53.8
Sleep 227.9±66.5 141.7±70.6 86.1±39.6
19 hr 60.7±44.1 20.5±46.2 40.1±35.7

LF (nu)

Baseline 77.3±3.8 76.6±8.1 0.6±0.7
Awake 6.5±2.0 3.5±3.0 3.0±1.7
Sleep -1.5±2.2 -0.5±1.6 -1.1±3.1
19 hr 3.1±1.1 1.8±1.8 1.3±1.8

HF (nu)

Baseline 22.6±3.7 23.2±8.0 -0.6±0.7
Awake -6.5±2.0 -3.5±3.0 -3.0±1.7
Sleep 1.4± 2.2 0.5±1.6 0.9±3.2
19 hr -3.2±1.1 -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.

 

 

Relat�onsh�p between Ambulatory Blood Pressure and
Heart Rate Var�ab�l�ty. As the LF/HF rat�o over 19 hr �ncre-
ased, ASBP exh�b�ted a stat�st�cally trend�ng decrease follo-
w�ng the GEST versus CONTROL (r=-0.77; p=0.068). Th�s ac-
counts for 59.3% of the var�ab�l�ty �n the ASBP response
over 19 hr. In add�t�on, as the LF/HF rat�o over 19 hr �ncre-
ased, ADBP s�gn�f�cantly decreased over awake a�er versus
before the GEST versus CONTROL (r=-0.92; p=0.014). Th�s
expla�ns 84.5% of the var�ab�l�ty �n ADBP response over
awake. No other HRV doma�ns were correlated w�th the
ASBP and ADBP responses over awake, sleep and 19 hr (all
p values >0.05) (Table 3).

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 exam�ned the �n�uence of a bout of max�mal phys�cal exert�on
on the ABP and HRV responses over 19 hr on non-workdays
among a small sample of m�ddle-aged male career f�ref�ghters
w�th elevated BP. ASBP �ncreased from basel�ne by 15.7 mmHg fol-
low�ng the GEST compared to CONTROL. In add�t�on, the LF/HF
rat�o tended to �ncrease from basel�ne by 0.8 U expla�n�ng 59.3%
of the var�ab�l�ty �n the ASBP response and 85.4% of the var�ab�-
l�ty �n ADBP response over awake.

Contrary to our hypothes�s that the f�ref�ghters would exh�b�t PEH
as our (17,18,32,33) and others’ (13,14,16,20)laboratory groups have
observed �n s�m�lar populat�ons of overwe�ght men w�th hyperten-
s�on and dysl�p�dem�a, we found that the f�ref�ghters exh�b�ted
postexerc�se hypertens�on follow�ng an acute bout of sudden v�go-
rous exert�on. Th�s unexpected f�nd�ng suggests that f�ref�ghters
may have an adverse BP response to sudden v�gorous exert�on
that may contr�bute to the greater number of card�ac events obser-
ved among f�ref�ghters. Of note, none of our subjects exh�b�ted a
hypertens�ve response to the GEST desp�te of all hav�ng hyperten-
s�on. The peak SBP and DBP responses of all the subjects to the
GEST were < 210 mmHg and <110 mmHg, respect�vely (Table 2).
Further, the SBP and DBP values returned to basel�ne values w�t-
h�n an hour follow�ng the GEST. Therefore, we conclude that the
potent�al d��erences �n the peak BP response to the GEST d�d not
�mpact the postexerc�se hypertens�ve response observed �n our
study.

Horn et al. (34) stud�ed the BP response follow�ng 18 m�n of f�re-
f�ght�ng dr�lls (e.g., sta�r cl�mb�ng, s�mulated forc�ble entry, a s�-
mulated search, and s�mulated hose advance) cons�st�ng of n�ne
2-m�nute per�ods of alternat�ng rest and work cycles among f�re-
f�ghters w�th elevated to Stage 1 hypertens�on accord�ng to the Jo-
�nt Nat�onal Comm�ttee Seven cr�ter�a (9). In contrast to our f�n‑
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d�ngs, these authors found SBP and DBP decreased by 9 mmHg
and 3 mmHg, respect�vely, dur�ng 120 m�n of recovery a�er the f�-
ref�ght�ng dr�lls. Reasons for the d�screpancy between our f�n-
d�ngs and those of Horn et al. (34) are not clear but may be attr�-
buted to d��erences �n our exper�mental des�gns that �nclude the
f�ref�ghters �n our study be�ng stud�ed under ambulatory cond�t�-
ons on non-work days, d��erent types of v�gorous phys�cal exert�-
on that were attempts to s�mulate the extreme cond�t�ons of f�re-
f�ght�ng, and appl�cat�on of cool�ng rehab�l�tat�on pr�or to reco-
very �n the�r study.

Autonom�c modulat�on of heart �s of notable role �n the pathoge-
nes�s of arrhythm�c death (36). In our study, we observed that the
LF/HF rat�o �ncreased from basel�ne by 0.8 U over 19 hr, sugges-
t�ng sympathet�c predom�nance due to e�ther �ncreased sympathe-
t�c or decreased parasympathet�c modulat�on of the heart. S�m�-
larly, Al-Za�t� et al. (36) �nvest�gated the cl�n�cal r�sk factors of SCD
among f�ref�ghters w�th elevated BP that performed 20 m�n of phy-
s�cal exert�on separated by 10 m�n breaks that �ncluded f�re supp-
ress�on and roof chopp�ng act�v�t�es. They found over 40% of f�re-
f�ghters had a SDNN <50 ms dur�ng 20 m�n of recovery follow�ng
these f�ref�ght�ng tasks, aga�n suggest�ng sympathet�c predom�-
nance. Our f�nd�ngs and those of Al-Za�t� et al. (36) �nd�cate that
subopt�mal vagal control may part�ally expla�n the postexerc�se
hypertens�ve response and perhaps h�gher prevalence of card�ac
events among f�ref�ghters. Add�t�onally,we observed an �nverse re-
lat�onsh�p between the LF/HF rat�o and ABP response to the GEST
compared to CONTROL among th�s small sample of f�ref�ghters,
further support�ng th�s prem�se.

The small sample s�ze �n our study l�m�ts the extrapolat�on of our
f�nd�ngs to the general f�ref�ghter populat�on. Nonetheless, they
are provocat�ve and warrant further �nvest�gat�on �n a large, more
d�verse populat�on of f�ref�ghters due to the�r potent�al to prov�de
�ns�ght �nto reasons why f�ref�ghters �ncur a d�sproport�onate
number of card�ac events both on and o� the job. Add�t�onally, we
are aware that the phys�cal exert�on (GEST) �n our study may not
have s�mulated actual card�ovascular stra�n assoc�ated w�th f�re-
f�ght�ng. Strengths of our study �nclude the random ass�gnment of
the subjects to the exper�mental cond�t�ons and controlled adm�-
n�strat�on of the procedures that accounted for the c�rcad�an
rhythm of BP and HRV under ambulatory cond�t�ons.

CONCLUSION

Contrary to our hypothes�s, we found �n a small sample of f�ref�gh-
ters exh�b�ted postexerc�se hypertens�on as opposed to PEH follo-
w�ng a bout of v�gorous exert�on compared to CONTROL over 19
hr. Further, our HRV results suggests predom�nant sympathet�c
�n�uence on the heart result�ng from parasympathet�c w�thdrawal
or h�gher sympathet�c act�v�ty that also accounted for 59% to 84%
of the ABP response to v�gorous phys�cal exert�on. These f�nd�ngs
prov�de potent�al pathophys�olog�cal explanat�ons for the d�spro-
port�onate card�ac events among f�ref�ghters both on and o� the
job dur�ng l�ne-of-duty that mer�t conf�rmat�on among a larger,
more d�verse sample of f�ref�ghters.
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