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3NeuroVȦSQ˙- Integrative Physiology

Laboratory, Faculty of Physical Education,

University of Brasília, Brasília, Brazil

4Faculty of Kinesiology and Recreation

Management, University ofManitoba,

Winnipeg, Canada

5Institute of Cardiovascular Sciences, St.

Boniface General Hospital Albrechtsen

Research Centre,Winnipeg, Canada

Correspondence

Eduardo Caldas Costa, PhD, Federal University

of Rio Grande doNorte, Department of

Physical Education, University Campus, BR

101, LagoaNova, Natal, RN, Brazil 59.078-970.

Email: eduardo.caldas@ufrn.br;

ecc.ufrn@gmail.com

Funding information

Fondation de l’Hôpital Saint-Boniface;

Conselho Nacional de Desenvolvimento

Científico e Tecnológico, Grant/Award

Numbers: 306744/2019–8, 307293/2019–0,

427729/2018-1; Coordenação de

Aperfeiçoamento de Pessoal de Nível Superior

Abstract

Although it hasbeen suggested that increasedarterial stiffness is linked toexaggerated

blood pressure (BP) from brief moderate exercise, it is not clear whether this occurs in

older adultswith andwithout hypertension. This study investigateswhether the imme-

diate post-exercise systolic BP following brief moderate exercise is associated with

arterial stiffness in older females with different BP status. This cross-sectional study

included 191 older females aged 60–80 years without known cardiovascular disease

(CVD). Arterial stiffness was determined by aortic pulse wave velocity (aPWV). Sys-

tolic BP was measured before and immediately following a 3-min moderate walking

test (stage 1 Bruce protocol). Specific quartile-based thresholds were used to define

an exaggerated immediate post-exercise systolic BP for hypertensive and normoten-

sive older females (quartile 4 as an exaggerated response). Traditional CVD risk fac-

tors were assessed (covariates). Older females from the highest quartile of immediate

post-exercise absolute systolic BP showed higher aPWV compared to their peers from

the lowest quartile (β = .22 m/s, p = .018). The quartile-based threshold to define the

exaggeratedpost-exercise systolicBPwashigher in hypertensive than in normotensive

older females (174 vs. 172 mmHg). In summary, exaggerated immediate post-exercise

systolic BP following a brief moderate exercise is associated with higher arterial stiff-

ness in older females with different BP status.
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1 INTRODUCTION

Exaggerated systolic blood pressure (BP) during brief light-moderate

exercise (i.e., ≤5 metabolic equivalents [METs]) is associated with

masked1 and future hypertension,2 impaired vascular health3 and

baroreflex sensitivity,4 increased left ventricular mass,5 cardiovascu-

lar events andmortality.6 Thus, it has been suggested that exaggerated

systolic BPduring brief light-moderate exercisemay be clinically useful

to identify individualswith cardiac and/or vascular alterations linked to

cardiovascular disease (CVD).7 We recently demonstrated that exag-

gerated systolic BP immediately following a 3-min moderate exercise

test was able to discriminate reduced arterial compliance,8 which is a

surrogate marker of arterial stiffness,9 in normotensive middle-aged

andolder females. These findings suggest that immediatepost-exercise

systolic BP following a brief light-moderate test may also be clinically

useful for identifying individuals at increased CVD risk. Nevertheless,

it is currently unknown whether these findings could be extrapolated

to patients with hypertension.

Impaired vascular structure and function, including increased

arterial stiffness, has been suggested to be mechanistically linked to

exaggerated systolic BP during brief light-moderate exercise.3,6,10

However, it is not clear whether exaggerated immediate post-exercise

systolic BP is linked to arterial stiffness in both hypertensive and nor-

motensive older adults. Given that aging per semodifies the functional

and structural characteristics of the vasculature,11 studies investigat-

ing whether an exaggerated immediate post-exercise systolic BP is

linked to arterial stiffness exclusively in this population are needed.

In addition, although it is expected that the magnitude of exercise BP

is higher in hypertensive than in normotensive individuals, no infor-

mation is available comparing the immediate post-exercise systolic

BP following a brief moderate exercise between hypertensive and

normotensive older adults. This is particularly useful to clarify the need

(or not) of specific thresholds of exaggerated immediate post-exercise

systolic BP for hypertensive and normotensive older adults. From a

clinical perspective, the identification of specific thresholds for hyper-

tensive and normotensive older adults could help to better identify

individuals for a more comprehensive CVD risk screening. Therefore,

this study investigated the association of immediate post-exercise

systolic BP following a 3-min moderate walking test and arterial

stiffness in older females with different BP status. We hypothesized

that the immediate post-exercise systolic BP would be associated with

arterial stiffness in older females with different BP status.

2 METHODS

2.1 Study design

This cross-sectional study was conducted at the Federal University of

Rio Grande do Norte between June 2018 and December 2019. It is

reported in accordance with the STROBE statement.12 This study was

approved by the Research Ethics Board of the Onofre Lopes Univer-

sity Hospital (protocol 2.603.422/2018) and conducted in accordance

F IGURE 1 Study flowchart. BP, blood pressure

to theDeclaration ofHelsinki. All participantswere informed about the

study procedures and gave written informed consent.

2.2 Participants

Community-dwelling older females aged 60–80 years were included

in this study. They were recruited by advertisements on radio, TV, e-

flyers in social media sites, health care units, and older adult commu-

nity centers. The inclusion criteriawere: (i) no history of knownCVDor

major cardiovascular events (e.g., acute myocardial infarction, stroke,

coronary artery disease, arrhythmias, or peripheral vascular disease);

(ii) no muscle, joint or bone injury which limits the ability to perform

exercise; (iii) no acute diabetes- or hypertension-related decompensa-

tion (i.e., glycemia ≥ 300 mg/dl; BP ≥ 160/105 mmHg). Figure 1 shows

the flowchart of this study.

2.3 Arterial stiffness

A Brazilian version of the Mobil-O-Graph 24 h PWA Monitor (IEM,

Stolberg, Germany), the Dyna–Mapa AOP (Cardios, São Paulo, Brazil),

was used to measure aortic pulse wave velocity (aPWV). The aPWV

obtained from this noninvasive device has been validated by compar-

ing it with the aPWV obtained from the gold standard, invasive intra-

aortic catheter method,13,14 and from the noninvasive applanation

tonometry.15–17 aPWVwas assessed before the 3-minmoderatewalk-

ing test in the left arm with the participant in a supine position after

10min resting in a quiet and temperature-controlled room (24–26◦C).

Four consecutive measurements were obtained with 1-min interval

between each one in following the manufacturer’s instructions. The

mean value of aPWV (m/s) obtained from the last threemeasurements

was considered for data analysis.
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2.4 3-min moderate walking test and immediate
post-exercise blood pressure

The participants performed a 3-min walking test on a treadmill (RT

150 G3, Movement, Pompéia, Brazil) at an intensity equivalent to

stage 1 Bruce protocol (speed: 2.7 km/h; grade: 10%; 5 METs). Before

and immediately following the 3-min moderate walking test, BP was

measured using a validated oscillometric device (HEM-780-E, Omron,

Kyoto, Japan)18 with theparticipants seatedona chair positioned∼1m

from the treadmill. Before the test, the BP was measured in tripli-

cate with 1-min interval between each measure after 5 min resting.

The average value of the last two measures was considered for data

analysis.19 Immediate post-exercise BPmeasure was takenwithin∼30

s following the 3-minmoderate walking test.

2.5 Covariates

The following additional information was obtained from the partic-

ipants from a face-to-face interview: age, race, education, smoking

history, medication use for hypertension, diabetes, and dyslipidemia.

Bodyweight (kg) and height (m) were measured, and body mass index

(BMI) was calculated as weight (kg) divided by the square of height in

meters (kg/m2). Body fat percentagewasmeasuredusing adual-energy

X-ray absorptiometry (GE Healthcare Lunar Prodigy Advance, USA).

Blood sampleswere collected following a 12-h overnight fasting period

by venipuncture in order to assess total cholesterol, HDL-cholesterol,

LDL-cholesterol, triglycerides, and fasting glucose. LDL-cholesterol

was determined using the Friedewald formula: (total cholesterol –

[HDL+ triglycerides/5]). All biochemical assayswere determined using

commercial kits (Diagnostic Labtest-SA, São Paulo, Brazil) by the col-

orimetric method (Labtest, Labmax Plenno, Minas Gerais, Brazil). The

Framingham risk score for CVDwas calculated using the following cri-

teria: age, sex, smoking, BMI, systolic BP, medication use for hyperten-

sion and diabetes.20 Based on Framingham risk score, the participants

were classified as low (<10%), moderate (≥10% and <20%) and high

(≥20%) risk for CVD.20 Frailty phenotype was determined according

to Fried criteria21: low physical activity, weakness (low grip strength),

slowness (slow walking speed), self-reported exhaustion, and uninten-

tional weight loss. The participants were classified as robust (0 Fried

criteria), prefrail (1-2 Fried criteria), and frail (3+ Fried criteria).

2.6 Statistical analysis

A generalized linear or gammamodel was used to compare the contin-

uous data between the immediate post-exercise BP quartiles. Fisher’s

exact test was used to compare the categorical data between the

immediate post-exercise BP quartiles. Continuous and categorical

data were expressed as mean ± standard deviation (SD) and absolute

and relative frequency, respectively. The generalized linear model

was applied to examine the coefficient estimate (β) and its 95% Wald

confidence intervals (CI) for aPWV using the following predictors

(models): (a) per-unit increase every 1, 5, 10, 15, or 20 mmHg in

immediate post-exercise absolute systolic BP; (b) per-unit increase

every 1, 5, 10, 15, or 20 mmHg in absolute change in immediate post-

exercise systolic BP; (c) quartiles of immediate post-exercise absolute

systolic BP (Quartile 1 as reference); (d) quartiles of absolute change

in immediate post-exercise systolic BP (Quartile 1 as reference). The

models were adjusted for all the following potential confounders: age,

race, body fat percentage, resting systolic BP, HDL-cholesterol, total

cholesterol, diabetes lowering medication, antihypertensive medica-

tion, smoking status, and Fried frailty phenotype. Of note, the quartile

4 of the immediate post-exercise BPwas considered as an exaggerated

BP response. The linear or gamma distribution model for each model

was defined by the normality of the residuals in the normal Q-Q plot

and/or by the lower value of Akaike Information Criterion (AIC). The

Omnibus test was performed to assess the goodness of fit for the

models. The significance level was set at p< .05. Statistical procedures

were performed using IBM SPSS Statistics for Win/v.27.0 (IBM Corp.,

Armonk, NY).

3 RESULTS

3.1 Sample characteristics

Table 1 shows the characteristics of the participants. A total of 191

older females were included in this study (57.1% hypertensive; 42.9%

normotensive; Figure 1). A total of 18.3% of the cohort had postsec-

ondary education and 57.6% lived with their partner. Most partici-

pants were overweight/obese (63.8%) and had moderate/high CVD

risk based on Framingham risk score (67.0%).

3.2 Association of immediate post-exercise
absolute BP with arterial stiffness

Figure 2 and Table 2 show the coefficient estimates for aPWV accord-

ing to quartiles of immediate post-exercise absolute systolic BP. Older

females from the quartiles 4 showed higher aPWV values (β= .22 m/s,

p= .018) compared to their peers fromquartile 1 (reference group). No

differences in aPWVvalueswere observed fromquartiles 2 and 3 com-

pared to those from quartile 1 (p > .05). Table 2 also shows the coef-

ficient estimates for aPWV according to per-unit increase in immedi-

ate post-exercise absolute systolic BP. Therewas a trend toward a pos-

itive association of per-unit increase in immediate post-exercise abso-

lute systolic BP with aPWV (β = .00 m/s for 1 mmHg; β = .01 m/s for

5mmHg; β= .03m/s for 10mmHg; β= .04m/s for 15mmHg; β= .05m/s

for 20 mmHg; p = .089). In addition, it was tested the moderating

effect of hypertension on the association of immediate post-exercise

absolute systolic BP (quartiles and per-unit increase) with aPWV.

No moderating effect of hypertension was observed in these models

(p> .05).
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TABLE 1 Characteristics of the older females (n= 191)

Mean± SD or n (%)

Age, years 65.8± 5.3

Living with partner, n (%) 110 (57.6)

Post-secondary education, n (%) 35 (18.3)

Pardo/Black, n (%) 119 (62.3)

White, n (%) 72 (37.7)

Ex-smokers/smokers, n (%) 73 (38.2)

Pre-frail/frail, n (%) 118 (61.8)

Six-minute walk test, m 484± 67

Body fat, % 43.6± 5.1

Bodymass index, kg/m2 28.9± 4.6

Fasting glucose, mg/dl 109.4± 29.3

Triglycerides, mg/dl 150.9± 76.7

HDL-cholesterol, mg/dl 47.9± 12.6

LDL-cholesterol, mg/dl 133.2± 44.0

Total cholesterol, mg/dl 207.9± 45.2

Diabetes medication, n (%) 47 (24.6)

Lipid-loweringmedication, n (%) 62 (32.5)

Antihypertensivemedication, n (%) 109 (57.1)

Monotherapy 48 (44.0)

Combination therapy 61 (56.0)

Calcium channel blockers 10 (9.2)

Diuretics 47 (43.1)

Angiotensin II receptor blockers 85 (78.0)

ACE inhibitors 9 (8.3)

Beta-blockers 31 (28.4)

Resting SBP, mmHg 125.1± 14.2

Resting DBP, mmHg 70.1± 8.5

Resting PP, mmHg 55.0± 10.6

Immediate post-exercise SBP, mmHg 159.2± 22.2

Change in immediate post-exercise SBP, mmHg 34.3± 17.7

Aortic pulse wave velocity, m/s 9.4± 1.0

Framingham risk score, n (%)

Low risk (< 10%) 63 (33.0)

Moderate risk (≥10% and<20%) 93 (48.7)

High risk (≥20%) 35 (18.3)

Note: Data are shown asmean± SDor absolute (n) and relative (%) frequen-
cies.

Abbreviations: ACE, angiotensin-converting-enzyme; BP, blood pressure;

DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; PP, pulse pressure; SBP, systolic blood pressure.

3.3 Association of absolute change in immediate
post-exercise BP with arterial stiffness

Figure 2 and Table 3 show the coefficient estimates for aPWV accord-

ing to quartiles of absolute change in immediate post-exercise sys-

F IGURE 2 Coefficient estimates (β) and its 95%Wald confidence
interval (CI) for aortic pulse wave velocity (aPWV) according to
quartiles of immediate post-exercise absolute systolic blood pressure
(panel A) and to quartiles of absolute change in immediate
post-exercise systolic blood pressure (panel B) of older females
(n= 191). Analysis adjusted for age, race, smoking status, resting
systolic blood pressure, body fat percentage, HDL-cholesterol, total
cholesterol, diabetes medication, antihypertensivemedication, and
Fried frailty phenotype. Goodness of fit of themodel: p< 0.001 in the
Omnibus test

tolic BP. Older females from quartiles 3 (β = .16 m/s, p = .031) and 4

(β = .16 m/s, p = .033) showed higher aPWV values compared to their

peers from quartile 1 (reference group). No differences in aPWV val-

ues were observed from the quartile 2 compared to those from quar-

tile 1 (p > .05). Table 3 also show the coefficient estimates for aPWV

according to per-unit increase in absolute change in immediate post-

exercise systolic BP. There was a trend toward a positive association

of per-unit increase in absolute change in immediate post-exercise sys-

tolic BP with aPWV (β = .00 m/s for 1 mmHg; β = .01 m/s for 5 mmHg;

β = .03 m/s for 10 mmHg; β = .04 m/s for 15 mmHg; β = .06 m/s for

20 mmHg; p = .077). In addition, it was tested the moderating effect

of hypertension on the association of absolute change in immediate

post-exercise systolic BP (quartiles and per-unit increase) with aPWV.

No moderating effect of hypertension was observed in these models

(p> .05).
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TABLE 2 Coefficient estimates for pulse wave velocity according to quartiles of immediate post-exercise absolute systolic blood pressure of
older females (n= 191)

aPWV,m/s

βa 95%Wald CI p

Post-exercise SBP (per-mmHg increase)

1mmHg .00 .00, .01 .089

5mmHg .01 .00, .03 .089

10mmHg .03 .00, .06 .089

15mmHg .04 -.01, .09 .089

20mmHg .05 -.01, .11 .089

Post-exercise SBP (per quartile)

Q1HT≤ 146mmHg; NT≤ 142mmHg Ref.

Q2HT 147–162mmHg; NT 143–153mmHg .03 –.12, .18 .711

Q3HT 163–173mmHg; NT 154–171mmHg .10 –.06, .25 .242

Q4HT≥ 174mmHg; NT≥ 172 .22 .04, .40 .018

Note: Data are shown as coefficient estimates (β), and 95%Wald confidence interval (CI).

Bold values indicate significance at p< .05.

Abbreviations: aPWV, aortic pulse wave velocity; Q, quartile; SBP, systolic blood pressure.
aAnalysis adjusted for age, race, smoking status, resting systolic blood pressure, body fat percentage,HDL-cholesterol, total cholesterol, diabetesmedication,

antihypertensivemedication, and Fried frailty phenotype. Goodness of fit of themodel: p< .001 in Omnibus test.

TABLE 3 Coefficient estimates for pulse wave velocity according to quartiles of absolute change in immediate post-exercise systolic blood
pressure of older females (n= 191)

aPWV,m/s

βa 95%Wald CI p

Δ post-exercise SBP (per-mmHg increase)

1mmHg .00 .00, .01 .077

5mmHg .01 .00, .03 .077

10mmHg .03 .00, .06 .077

15mmHg .04 .00, .09 .077

20mmHg .06 -.01, .12 .077

Δ post-exercise SBP (per quartile)

Q1HT≤ 24mmHg; NT≤ 23mmHg .00 Reference

Q2HT 25–34mmHg; NT 24–31mmHg .05 –.10, .20 .512

Q3HT 35–47mmHg; NT 32–42mmHg .16 .01, .31 .031

Q4HT≥ 48mmHg; NT≥ 43mmHg .16 .01, .31 .033

Note: Data are shown as coefficient estimates (β), and 95%Wald confidence interval (CI).

Bold values indicate significance at p< .05.

Abbreviations: aPWV, aortic pulse wave velocity; HY, hypertensive; NT, normotensive; Q, quartile.; SBP, systolic blood pressure.
aAnalysis adjusted for age, race, smoking status, resting systolic blood pressure, body fat percentage,HDL-cholesterol, total cholesterol, diabetesmedication,

antihypertensivemedication, and Fried frailty phenotype. Goodness of fit of themodel: p< .001 in Omnibus test.

3.4 Sample characteristics according to quartiles
of immediate post-exercise systolic BP

Table 4 shows the differences among the participants from quar-

tiles 1–4 regarding the immediate post-exercise absolute systolic BP.

Those with higher immediate post-exercise systolic BP presented

with a higher resting systolic and diastolic BP, and pulse pressure,

and had a higher prevalence of postsecondary education compared

to the participants of lower immediate post-exercise BP (p < .05).

Table 5 shows the differences among the participants from quar-

tiles 1–4 regarding the absolute change in immediate post-exercise

systolic BP. Those with higher immediate post-exercise BP (quar-

tile 4) had a lower prevalence of postsecondary education com-

pared to the participants in the other quartiles (p < .05). No dif-

ferences were observed in the other variables among the quartiles

(p> .05).
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TABLE 4 Characteristics of the older females according to quartiles of immediate post-exercise absolute systolic blood pressure (n= 191)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p

N(%) 48 (25.1) 50 (26.2) 48 (25.1) 45 (23.6)

Age, years 65.5± 5.1 66.1± 4.8 65.6± 6.3 65.8± 4.8 .951

Living with partner, n (%) 25 (52.1) 33 (66.0) 26 (54.2) 26 (57.8) .519

Post-secondary education, n (%) 33 (68.8) 42 (84.0) 38 (79.2) 43 (95.6)a,c .009

Pardo/Black, n (%) 27 (56.3) 32 (64.0) 28 (58.3) 32 (71.1) .454

White, n (%) 21 (43.8) 18 (36.0) 20 (41.7) 13 (28.9)

Ex-smokers/smokers, n (%) 20 (41.7) 17 (34.0) 19 (39.6) 17 (37.8) .886

Pre-frail/Frail, n (%) 29 (60.4) 29 (58.0) 32 (66.7) 28 (62.2) .845

Six-minute walk test, m 485± 69 483± 63 485± 74 483± 62 .997

Body fat, % 43.6± 5.1 43.8± 4.5 42.8± 6.1 44.4± 4.5 .505

Bodymass index, kg/m2 28.6± 5.2 29.5± 4.5 28.4± 5.2 29.0± 3.5 .678

Fasting glucose, mg/dl 108.0± 27.6 107.9± 23.7 107.3± 33.7 115.0± 31.7 .533

Triglycerides, mg/dl 140.8± 56.7 158.7± 76.1 147.3± 68.1 156.6± 101.8 .525

HDL-cholesterol, mg/dl 46.9± 10.5 47.1± 14.5 49.0± 13.7 48.8± 11.1 .762

LDL-cholesterol, mg/dl 131.8± 45.6 125.2± 44.6 137.6± 37.4 139.1± 48.0 .365

Total cholesterol, mg/dl 204.0± 46.1 200.6± 45.6 212.6± 38.6 215.3± 50.0 .315

Diabetes medication, n (%) 11 (22.9) 11 (22.0) 13 (27.1) 12 (26.7) .930

Lipid-loweringmedication, n (%) 11 (22.9) 20 (40.0) 17 (35.4) 14 (31.1) .322

Antihypertensivemedication, n (%) 27 (56.3) 29 (58.0) 28 (58.3) 25 (55.6) .991

Resting SBP, mmHg 114± 12 123± 11a 128± 12a 136± 12a,b,c <.001

Resting DBP, mmHg 65± 7 70± 7a 71± 8a 75± 9a,b <.001

Resting PP, mmHg 49± 10 53± 10 57± 10a 61± 9a,b <.001

Immediate post-exercise SBP, mmHg 132± 12 153± 6a 165± 5a,b 189± 12a,b,c <.001

Change in immediate post-exercise SBP, mmHg 18± 13 30± 12a 38± 11a,b 53± 15a,b,c <.001

Pulse wave velocity, m/s 9.1± 1.1 9.4± .9 9.5± 1.2 9.8± .9a .004

Framingham risk score, n (%)

Low risk (<10%) 21 (43.8) 16 (32.0) 17 (35.4) 9 (20.0) .080

Moderate risk (≥10% and<20%) 24 (50.0) 25 (50.0) 19 (39.6) 25 (55.6)

High risk (≥20%) 3 (6.3) 9 (18.0) 12 (25.0) 11 (24.4)

Note: Data are shown asmean± SD or absolute (n) and relative (%) frequencies.
Bold values indicate significance at p< .05.

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PP, pulse pressure; Quartile 2:

immediate post-exercise absolute systolic BP 147–162 mmHg for hypertensive and 143–153 mmHg for normotensive; Quartile 3 immediate post-exercise

absolute systolic BP 163–173 mmHg for hypertensive and 154–171 mmHg for normotensive; Quartile 4: immediate post-exercise absolute systolic BP ≥

174 mmHg for hypertensive and ≥172 mmHg for normotensive.; SBP, systolic blood pressure. Quartile 1: immediate post-exercise absolute systolic BP ≤

146mmHg for hypertensive and≤ 142mmHg for normotensive.
aDifferent from quartile 1 (p< .05).
bDifferent from quartile 2 (p< .05).
cDifferent from quartile 3 (p< .05).

4 DISCUSSION

This study investigated the association between immediate post-

exercise systolic BP following the 3-min moderate walking test and

arterial stiffness in older females with different BP status. The main

finding confirms that the exaggerated immediate post-exercise sys-

tolic BP was associated with higher aPWV in both hypertensive and

normotensive older females. Thus, our results support the idea that

exaggerated immediate post-exercise systolic BP is mechanistically

linked to arterial stiffness in older females with different BP status,

independent of other established CVD risk factors.

A reduction of the elastic component (elastin) and an increase in

the inelastic component (collagen) mainly in the large conduit arteries

are associated with increased arterial stiffness. In addition, increased

sympathetic activity22 and endothelial dysfunction mainly in muscular

arteries are also associated with increased arterial stiffness.9,23 Older
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TABLE 5 Characteristics of the older females according to quartiles of absolute change in immediate post-exercise systolic blood pressure
(n= 191)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p

N(%) 53 (27.7) 45 (23.6) 47 (24.6) 46 (24.1)

Age, years 66.3± 5.8 65.0± 5.2 64.6± 5.2 67.1± 4.5 .071

Living with partner, n (%) 28 (52.8) 28 (62.2) 24 (51.1) 30 (65.2) .424

Post-secondary education, n (%) 10 (18.9) 11 (24.4) 12 (25.5) 2 (4.3)a,b,c .032

Pardo/Black, n (%) 32 (60.4) 25 (55.6) 29 (61.7) 33 (71.7) .444

White, n (%) 21 (39.6) 20 (44.4) 18 (38.3) 13 (28.3)

Ex-smokers/smokers, n (%) 20 (37.7) 16 (35.6) 19 (40.4) 18 (39.1) .969

Pre-frail/Frail, n (%) 33 (62.3) 28 (62.2) 29 (61.7) 28 (60.9) 1.000

Six-minute walk test, m 485± 65 488± 69 491± 70 470± 64 .423

Body fat, % 43.1± 4.5 43.2± 5.3 43.3± 6.3 45.0± 3.9 .248

Bodymass index, kg/m2 28.6± 5.1 28.5± 4.2 28.7± 5.0 29.7± 4.1 .554

Fasting glucose, mg/dl 107.9± 26.4 110.0± 25.7 106.9± 33.2 113.2± 31.9 .617

Triglycerides, mg/dl 155.1± 78.0 145.8± 53.9 139.0± 75.0 163.0± 94.4 .341

HDL-cholesterol, mg/dl 46.8± 11.5 47.2± 14.4 50.1± 13.9 47.7± 10.3 .579

LDL-cholesterol, mg/dl 126.6± 38.7 138.6± 50.4 133.4± 43.1 135.5± 44.4 .547

Total cholesterol, mg/dl 199.8± 38.7 211.8± 50.9 208.6± 44.9 212.8± 46.9 .451

Diabetes medication, n (%) 12 (22.6) 12 (26.7) 9 (19.1) 14 (30.4) .612

Lipid-loweringmedication, n (%) 13 (24.5) 18 (40.0) 15 (31.9) 16 (34.8) .431

Antihypertensivemedication, n (%) 30 (56.6) 25 (55.6) 27 (57.4) 27 (58.7) .994

Resting SBP, mmHg 127± 15 125± 15 123± 13 124± 14 .611

Resting DBP, mmHg 70± 8 71± 8 69± 8 70± 9 .635

Resting PP, mmHg 57± 12 54± 11 55± 10 54± 10 .485

Immediate post-exercise SBP, mmHg 141± 18 153± 15a 162± 14a,b 182± 18a,b,c <.001

Change in immediate post-exercise SBP, mmHg 14± 9 28± 3a 39± 4a,b 58± 9a,b,c <.001

Aortic pulse wave velocity, m/s 9.5± 1.2 9.3± 1.0 9.3± 1.0 9.7± .9 .107

Framingham risk score, n (%)

Low risk (<10%) 16 (30.2) 18 (40.0) 15 (31.9) 14 (30.4) .756

Moderate risk (≥10% and<20%) 27 (50.9) 19 (42.2) 21 (44.7) 26 (56.5)

High risk (≥20%) 10 (18.9) 8 (17.8) 11 (23.4) 6 (13.0)

Note: Data are shown asmean± SD or absolute (n) and relative (%) frequencies.
Bold values indicate significance at p< .05.

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PP, pulse pressure; Quartile

2: absolute change in immediate post-exercise systolic BP 25–34 mmHg for hypertensive and 24–31 mmHg for normotensive; Quartile 3 absolute change

in immediate post-exercise systolic BP 35–47 mmHg for hypertensive and 32–42 mmHg for normotensive; Quartile 4: absolute change in immediate post-

exercise systolic BP ≥ 48mmHg for hypertensive and ≥ 43mmHg for normotensive.; SBP, systolic blood pressure. Quartile 1: absolute change in immediate

post-exercise systolic BP≤ 24mmHg for hypertensive and≤ 23 for normotensive.
aDifferent from quartile 1 (p< .05).
bDifferent from quartile 2 (p< .05).
cDifferent from quartile 3 (p< .05).

adults are more susceptible to the above-mentioned structural and

functional impairments in their vascular system.9 In our study, both

hypertensive and normotensive older females in the highest quartile of

the immediate post-exercise systolic BP showed the highest aPWVval-

ues. Thus, an exaggerated systolic BP even following a 3-minmoderate

exercise is likely partially explained by stiffer large conduit arteries (i.e.,

aorta) as a result of structural remodeling. In addition, we do not rule

out that impaired vascular function (i.e., flow-mediated dilation) may

explain the exaggerated immediate post-exercise systolic BP which

occurred in the older femaleswith the highest aPWVvalues. Data from

the Framingham Heart Study (53% females; 59 ± 9 years; 24% with

hypertension) support our findings, showing that exercise BP at stage

2 of the Bruce protocol was associated with increased carotid-femoral

PWV and impaired flow-mediated dilation, independent of other

established CVD risk factors.3 Independent of the resting BP values,

our findings suggest that older femaleswith increased arterial stiffness



COSTA ET AL. 711

may have exaggerated BP during daily physical activities performed at

a moderate intensity. As arterial stiffness and BP have a bidirectional

relationship,24,25 exaggerated, repetitive BP load on the vasculature,

even during brief moderate physical activities, may create a vicious

cycle contributing to further increase arterial stiffness in older females

who already have stiffer arteries.

From a clinical perspective, older females with an exaggerated

immediate post-exercise systolic BP should be considered for more

comprehensive CVD risk screening, including a vascular health assess-

ment. There is no well-established threshold to define what defines

an exaggerated systolic BP for submaximal exercise intensities. Our

findings indicate that the threshold to define an exaggerated imme-

diate post-exercise systolic BP was 2 mmHg higher in hypertensive

than in normotensive older females. Hypertensive older females with

immediate post-exercise systolic BP ≥ 174 mmHg and normotensive

older females with immediate post-exercise systolic BP ≥ 172 mmHg

showed .22 m/s higher aPWV values compared to their hypertensive

(≤146 mmHg) and normotensive (≤142 mmHg) peers with the low-

est immediate post-exercise systolic BP, respectively. We have previ-

ously reported that normotensive females aged 55+ years with exag-

gerated post-exercise systolic BP following a 3-min moderate step-

test (≥65 mmHg; highest quartile) showed increased odds ratios for

reduced large (2.67, 1.03–6.94) and small (2.27, 1.22–4.21) arterial

compliance compared to those with immediate post-exercise sys-

tolic BP ≤ 140 mmHg (lowest quartile). In addition, every 10 mmHg

increase in immediate post-exercise systolic BP was associated with

an odds ratio of 1.17 (1.04–1.31) and 1.25 (1.06–1.47) for reduced

small and large arterial compliance, respectively.8 Interestingly, the

quartile-based threshold to define an exaggerated immediate post-

exercise systolic BPwas 7mmHg lower in our previous study involving

middle-agedandolderCanadiannormotensive females aged55+years

(≥165mmHg) compared to the present study involving older Brazilian

females aged 60–80 years (≥172 mmHg). In normotensive individuals,

a systolic BP to submaximal intensities (5–7METs) varying from150 to

180mmHg is associated withmasked and future hypertension.7 A sys-

tolic BP threshold for submaximal intensities in hypertensive individ-

uals associated with CVD risk factors, including arterial stiffness, and

adverse events is unknown. Therefore, future studies should address

this question.

As stated by Schultz and colleagues,7 there is a need to develop

normative data in order to define a specific threshold to character-

ize what constitutes an exaggerated BP for exercise at submaximal

intensities, which may optimize the clinical use of BP response to

brief light-moderate exercise tests or BP response to early stages of

maximal exercise tests. It should be highlighted that a previous meta-

analysis of longitudinal studies including 46,314 individuals observed

a better prognostic role of exercise BP at moderate exercise intensity

than at maximal exercise intensity to predict adverse CVD events and

mortality.6 We and others8 argue that the assessment of BP response

to brief light-moderate exercise test has advantages compared to a

maximal exercise test, such as: (i) it reflects the cardiovascular stress

imposed by most daily activities6; (ii) it is more palatable for unfit and

older adults8; (iii) it is safe and time-efficient for initial screening at

unsupervised settings8; (iv) it has greater accuracy due to less artifact

noise.26 In addition, post-exerciseBPmeasurement allowsamore stan-

dardized procedure and the use of both auscultatory and oscillomet-

ric methods. Therefore, immediate post-exercise BP following a 3-min

moderate exercise test, such as step-test8 or treadmill walking test,

seems to be a feasible approach to identify individuals with exagger-

atedBP response todaily physical activitieswhomayhavean increased

CVD risk.

This study has limitations. As a cross-sectional study, it is not pos-

sible to establish causality for the observed associations between

immediate post-exercise systolic BP and arterial stiffness. The study

included older females aged 60–80 years. Thus, our findings should be

interpretedwith caution and are not transferable to older females aged

80+ years or to older males. The external load (treadmill speed and

grade) was designed to elicit a moderate intensity (5 METs) response,

similar to daily physical activities. However, as we did not assess the

heart-rate response (internal load) at the end of the 3-min walking

test, it is not possible to confirm if all older females reached a mod-

erate intensity effort. Even though the BP measure was taken within

∼30 s following the 3-min walking test, this may not have captured the

peak exercise systolic BP. On the other hand, this procedure may have

increased the accuracy of BPmeasurement.

5 CONCLUSIONS

Exaggerated immediate post-exercise systolic BP following a 3-min

moderate walking test is associated with higher arterial stiffness in

older females with different BP status. From a clinical perspective, the

thresholds of immediate post-exercise systolic BP for brief moderate

exercise associated with higher arterial stiffness are ≥174 mmHg (Δ ≥

48 mmHg) and ≥172 mmHg (Δ 43 ≥ mmHg) for hypertensive and nor-

motensive older females, respectively.
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