
5/77 ± 9 vs 119 ± 12/78 ± 9 mmHg and AMC - 1.8 ± 0.1 vs 1.4 ± 0.1 
respectively). However, when participants were divided according 
to TS, good level of TS was associated with low level of BP. These 
results were not observed in adults group. Thus, the current study 
contributes to establish the good level of TS as a marker of good 
level of BP, especially in older group.

Key words:  Hyper tens ion;  Es t imated  t ra in ing  s ta tus ; 
Antihypertensive medicine consumption; Physical exercise; Aging
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INTRODUCTION
The aging process is usually accompanied by numerous deleterious 
effects associated with structural changes that affect functional abil-
ity which compromise the quality of life of this population[1]. Among 
these effects, it can be observed a reduced functional fitness (muscle 
strength, coordination, aerobic capacity, flexibility and balance) that 
have a direct association with reduced performance of daily activities 
and a greater vulnerability to get any disease, especially cardiovascu-
lar disease (CVD), due to the large number of CVD risk factors such 
as hypertension (HT)[2-4].
    Many studies have been reporting a great relationship between 
age and HT[5-8] and it is due to changes in the mechanism of blood 
pressure (BP) control with advancing age[6,9-11]. Moreover, a high 
consumption of antihypertensive medication has been observed espe-
cially in older population[12,13].
    On the other hand, physical exercise has been strongly recom-
mended to keep or improve functional fitness and to prevent or 
treat high level of BP[14-16]. Growing evidence characterize physical 
exercise as a marker of health[17] because it can attenuates functional 
fitness reduction and the high incidence of some disease associated 
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ABSTRACT
The purpose of this study was to analyze the effect of aging and 
the estimated training status (TS) on blood pressure (BP) and 
antihypertensive medicine consumption (AMC) which are supposed 
to be high in older people compared with adults. Participants (n = 
396) performed the following tests: Functional fitness battery test 
proposed by AAHPERD, BP measurement and a questionnaire 
about habits of physical exercise and medicine consumptions. In 
summary, older group presented high level of blood pressure and 
medicine consumptions compared with adults groups (BP - 125 ± 
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Estimated Training Status
Estimated training status (TS) was evaluated by a “Functional Fitness 
Battery Test” proposed by “American Alliance for Health, Physical 
Education, Recreation and Dance” (AAHPERD). All the tests were 
performed at least 24h after any exercise session. The AAHPERD 
battery includes the following tests: Coordination, Flexibility, Mus-
cular strength and endurance, Agility dynamic, and Cardiovascular 
endurance, as previously described[26,27]. The general functional fit-
ness index (GFFI) was calculated using the sum of the percentile 
score of each test as previously described[28-30]. Participants were 
divided according to the age (adult and older) and the GFFI results in 
three TS groups: TS1 – regular GFFI (000-199 points); TS2 – good 
GFFI (200-299 points); and TS3 – very good GFFI (300-500 points). 
All items included in the AAHPERD Battery Test have demonstrated 
good reliability and criterion validity for use in this age group. The 
test-retest reliability coefficients for each item in this battery test have 
been reported in the range of r = 0.80-0.99[26]. Furthermore, this bat-
tery test was chosen because it includes multitask functional fitness 
which is in accordance with the recommendation of American Col-
lege of Sport Medicine[31].

Statistical analysis
Descriptive analysis (mean and standard deviation) was performed 
for characterization of the population. The Komogorov-Smirnov and 
Sharpiro-Wilk test were used for normality check in data distribu-
tion. One-way ANOVA with Tukey’s post hoc test was used to assess 
statistically significant differences among groups. TS groups and age 
were considered as independent variable. Categorical variables were 
expressed as rates and compared by the chi-square test (Yates’s cor-
rection was applied in 2x2 contingence tables). Significant associa-
tions detected by chi-square test were further analyzed by the binary 
logistic regression, which generated values of odds ratio (OR) and 
95% confidence intervals (95% CIs). Associations between the out-
come (levels of SBP and DBP) and independent variables (major risk 
factors) were simultaneously adjusted by potential confounders. All 
statistical analyses were performed by the software SPSS 17.0 and 
statistical significance (p-value) was set at 0.05.

RESULTS
Table 1 shows anthropometric characteristics, functional fitness 
variables and BP values in adults (50-64 years-old) and older (65-80 
years-old) groups. 
    Even though weight, height and waist values were different be-
tween adults and older, the range between both groups was small. In 
addition, BMI and waist-to-hip ratio were not different between ages. 
These results indicate no influence of anthropometrics characteristics 
in the others variables. 
    The functional fitness score (GFFI) was higher in adults compared 
with older, even groups performing the same number and time per 
week of physical exercise. All functional fitness variables also pre-
sented better results in adults group compared with older groups. 
    Even though older participants used to take more medicine than 
adults, their SBP was higher compared with adults, as shown in Table 1. 
    The table 2 presents the frequency of adults and older according 
to classification of hypertension and medicine consumption. It can 
be observed in the adults groups that the majority of the participants 
were considered as normotensive. However, in the older group, the 
majority of the participants were classified as hypertensive, even 
though all of them were taking antihypertensive medicine. The chi-
square test appointed differences between groups, as presented in 
Table 2.

with aging process[18]. 
    Despite there are a lot of positive indicators about the relationship 
between active lifestyle and health (such as better control of dyslipid-
emia, improvement of diabetes, obesity, BP, among others), the sed-
entary behavior is prevalent in the population[14,19]. Moreover, among 
the elderly who practice physical exercise, the most of them prefer to 
practice the exercise independently, without supervision (no control 
of intensity, duration and frequency), which can represent no positive 
effect for health[19,20].
    There are a lot of studies which intend to establish the relationship 
between different practice of physical exercise and the effects in the 
human health, however, the majority of these studies establish this 
relationship through questionnaires which take into account the per-
ception of the individual and not the current status of fitness[21,22]. So, 
it seems reasonable to suggest the evaluation of a physical battery test 
to estimate the training status (TS) in the cross-sectional study regard-
less of the type and form in which the physical exercise is practiced. 
Moreover, there are limited evidences about the relationship between 
estimated TS, BP and medicine consumption in adults and older.
    With this background, the hypothesis of this study was that adult 
would present better levels of BP and low consumption of antihy-
pertensive medicine compared with older. However, older with good 
levels TS would demonstrate a better values of BP and low consump-
tion of antihypertensive medicine compared with older with low 
levels of TS. Therefore, the purpose of this study was to analyze the 
effect of estimated TS on blood pressure and antihypertensive medi-
cine consumption in adults and older.

METHODS
Screening
All procedures were previously approved by Institutional Review 
Board of University of São Paulo State / Brazil (n° 323.427) which is 
in accordance with Declaration of Helsinki and all the subjects pro-
vided written informed consent before the beginning the experiments.
    All subjects were divided according to the age in adults (50-64 
years-old) and older (65-80 years-old) and they should meet the fol-
lowing inclusion criteria: not being smoker or alcoholic (< 3 standard 
drinks per day); age over 50 years-old; non-diabetic; absence of car-
diovascular disease (peripheral or cerebrovascular disease, etc.); body 
mass index < 35 kg/m2; not having systolic blood pressure (SBP) > 
160 mmHg and diastolic blood pressure (DBP) > 100 mmHg; and, not 
having other known medical or orthopedic conditions which could af-
fect the ability to successfully participate in a physical exercise battery 
tests. Volunteers (n = 396) were randomly selected from groups which 
include associations of retirees and programs linked to universities 
and City Hall of two cities in Brazil (Bauru and Ribeirão Preto) repre-
senting the heterogeneous characteristics of the whole population. 

Clinical Assessment
All participants answered a structured questionnaire reporting some 
information such as number of physical activity that they usually 
perform, number of medicine consumption and adherence to the 
treatment. Resting BP was measured after 5 min of seated quiet rest 
between 07:00-08:00am on three separate days according to VI Bra-
zilian Hypertension Guidelines[23] and 2013 ESH/ESC Guidelines 
for the management of arterial hypertension[24], using an aneroid 
sphygmomanometer, adequate to the circumference of the arm and 
a stethoscope placed on the brachial artery. The subjects underwent 
physical examination to assess the body mass index (BMI) which 
was calculated by the ratio of weight to the square of height (kg/m2) 
and waist-rip ratio (WHR) as described by Pollock and Wilmore[25].
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    Moreover, it is possible to note the prevalence of medicine combi-
nation in advanced age. This result shows a high incidence of HT and 
medicine consumption, which is considered a characteristic of aging 
and highlights the need for studies that aim to prevent such develop-
ments.
    Depending on the individual’s lifestyle, adults and older may have 
different levels of TS. Thereby, to verify if TS has some interference 
in these overall results, adults and older were separated according to 
TS subgroups. As expected, TS3 group performed more physical ac-
tivity with longer time per week compared with TS2 and TS1 in both 
adults and older groups (table 3). Additionally, with the same clas-
sification used in table 2, the higher frequency (58%) was found for 
normotensive participants with better TS (TS3) in the adults groups. 
For older group, the higher frequency was found for hypertensive 
group without medication (62%) with worst TS (TS1).
    Regarding to BP (Figure 1), different levels of TS did not change 
SBP and DBP values, however good level of TS (TS3) represents low 
consumption of antihypertensive medication compared with TS1 in 
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Table 2 Frequency of adults and older according to classification of 
hypertension and medicine consumption. 

Adults (n = 204) Older (n = 192)

Normotensive 109 (53%) 79 (41%)

Hypertensive without medication 17 (8%) 13 (7%)

Hypertensive with medication 78 (38%) 100 (52%)

Chi-square Test - 7.683: P = 0.021

Category of Medication n = 78 n = 100

Diuretic 6 (8%) 7 (7%)

Adrenergic inhibitor 13 (17%) 7 (7%)

Calcium channel blocker 0 4 (4%)

ACE inhibitor 14 (18%) 20 (20%)

AT1 blocker 18 (23%) 14 (14%)

Combination of medicine 27 (35%) 48 (48%)
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Figure 1 Systolic blood pressure (panel A),  diastolic blood pressure (panel B) 
and number of antihypertensive consumption (panel C) in adults and older 
separated according to the estimated training status in TS1 – regular func-
tional fitness (white bars); TS2 – good functional fitness (cross hatched bars); 
and TS3 – very good functional fitness (black bars). a vs respective TS1, b vs 
respective TS2 and, # vs respective age group, p < 0.05.

the adults group. Different results were observed in the older group: 
low levels of TS (TS1) were associated with high values of SBP 
compared with TS2 and TS3. Moreover, older individuals included in 
TS1 group presented higher level of SBP compared with the respec-
tive age group. Figure 1 also suggests that older people should keep 
very good levels of TS (TS3) to maintain better DBP compared with 
those included in TS1, TS2 and respective age group. Although the 
TS3 had lower number of antihypertensive medicine consumption, 
the TS did not alter this variable in older groups.
    According to the number of antihypertensive consumption, it is 
noteworthy that adult individuals with highest TS are less drug de-
pendent, however, older participants tend to become drug-dependent 
for BP control.
    Analyzing the participants according to the levels of SBP and DBP 
and major risk factors (table 4), it was found a higher percentage of 
participants with optimal levels of SBP on female sex (52.4% female 
vs. 39.5% male; p-value = 0.050), lower age (60.8% < 65 years vs. 
38% ≥ 65 years; p-value = 0.001), less medication use (81.9% none, 

Table 1 Summary of the participants characteristics according to the age.
Adults 

(n = 204)
Older 

(n = 192) p

Age (years) 57.4 ± 4.6 71.0 ± 4.8 0

Anthropometrics Characteristics

Weight (kilograms) 73.0 ± 14 69.8 ± 13 0.026

Height (meters) 1.60 ± 0.08 1.58 ± 0.07 0.029

BMI (kilograms/meters2) 28.4 ± 4.9 27.7 ± 4.4 0.19

Waist (centimeters) 90.9 ± 13 93.2 ± 12 0.076

Hip (centimeters) 103.15 ± 11 102.95 ± 0.1 0.854

Waist to hip ratio 0.88 ± 0.1 0.90 ± 0.09 0.051

Training Status and Functional Fitness

GFFI 289.8 ± 102 212.43 ± 100 0

Coordination (seconds) 11.9 ± 3 13.8 ± 4 0

Flexibility (centimeters) 59.5 ± 11 53.2 ± 12 0

Strength (repetitions) 23.7 ± 6 20.7 ± 6 0

Agility (seconds) 21.7 ± 4 26.5 ± 6 0

Endurance (seconds) 496.4 ±80 542.9 ± 78 0

Number of physical exercise 1.49 ± 1.1 1.57 ± 1.0 0.425

Time of practice per week (minutes) 179.0 ± 11 182.8 ± 11 0.811

Blood pressure and Medications

SBP (mmHg) 119.8 ± 12 125.5 ± 13 0

DBP (mmHg) 78.4 ± 9 77.2 ± 9 0.191

Number of medications 1.4 ± 0.10 1.8 ± 0.11 0.005
GFFI: general functional fitness index; SBP: systolic blood pressure; DBP: 
diastolic blood pressure.



Zago AS et al . Aging and training status on blood pressure

684

Table 4 Unadjusted and adjusted analyses between values of systolic and diastolic blood pressure according to major risk factors.

Variables
Systolic Blood Pressure

χ2 p-value
Adjusted model Diastolic Blood Pressure

χ2 p-value
Adjusted model

< 120 mmHg   > 120 mmHg OR (95%CI) < 80 mmHg    > 80 mmHg OR (95%CI)

Sex

Female 167 (52.4) 152 (47.6)
0.05

1 216 (67.7) 103 (32.3)
0.008

1

Male 30 (39.5) 46 (60.5) 1.82 (1.05;3.15) 43 (56.6) 33 (43.4) 1.84 (1.07;3.14)

Age

< 65 years 124 (60.8) 80 (39.2)
0.001

1 132 (64.7) 72 (35.3)
0.751

1

> 65 years 73 (38) 119 (62) 2.00 (1.29;3.10) 128 (66.7) 64 (33.3) 1.44 (0.90;2.29)

Body Mass Index

< 25 Kg/m2 63 (54.8) 52 (45.2)
0.224

1 87 (75.7) 28 (24.3)
0.007

1

> 25 Kg/m2 134 (47.9) 146 (52.1) 1.20 (0.75;1.92) 172 (61.4) 108 (38.6) 1.73 (1.04;2.89)

Medication use

None 60 (81.9) 37 (38.1) 1 68 (70.1) 29 (29.9) 1

One 60 (49.6) 61 (50.4) 0.004 1.39 (0.79;2.44) 79 (65.3) 42 (34.7) 0.324 1.16 (0.64;2.10)

> Two 73 (43.2) 96 (56.8) 1.60 (0.93;2.76) 108 (63.9) 61 (36.1) 1.15 (0.65;2.03)

Training Status

TS1 108 (43.5) 140 (56.5) 1 150 (60.5) 98 (39.5) 1

TS2 62 (55.9) 49 (44.1) 0.001 0.73 (0.44;1.19) 81 (73) 30 (27) 0.005 0.54 (0.32;0.92)

TS3 27 (73) 10 (27) 0.43 (0.19;0.99) 29 (78.4) 8 (21.6) 0.40 (0.17;0.98)

49.6% one and 43.2% two or more; p-value = 0.004) and higher 
training status (73% TS3, 55.9% TS2, 43.5% TS1; p-value = 0.001). 
BMI categories were not significantly associated with optimal levels 
of SBP. 
    This analysis was repeated for DBP and it was found a higher 
percentage of participants with optimal levels of DBP on female sex 
(67.7% female vs. 56.6% male; p-value = 0.008), with BMI under 25 
Kg/m2 (75.7% BMI < 25 Kg/m2 vs. 61.4% BMI ≥ 25 Kg/m2; p-value 
= 0.007) and higher TS (78.4% TS3, 73% TS2, 60.5% TS1; p-value 
= 0.005). Age and medication use were not significantly associated 
with optimal levels of DBP.
    Finally, in the multivariate-adjusted model, not all the risk factors 
remained significantly associated to optimal levels of SBP and DBP. 
For SBP, males [OR = 1.82 (1.05;3.15)] and older participants [OR = 

2.00 (1.29;3.10)] had higher risk to be in the group with non-optimal 
levels of SBP compared with female sex and younger participants, 
respectively. On the other hand, participants on the highest TS had 
57% less likelihood to have SBP above 120mmHg compared with the 
lowest TS group [TS3: OR = 0.43 (0.19;0.99)]. For DBP, male sex [OR 
= 1.84 (1.07;3.14)] and participants with BMI ≥ 25Kg/m2 [OR = 
1.73 (1.04;2.89)] had higher risk to be in the group with non-optimal 
levels of DBP compared with female sex and participants with BMI 
< 25Kg/m2, respectively. Inversely, participants on the middle and 
highest TS had 46% and 60%, respectively, less likelihood to have 
DBP above 80mmHg compared with the lowest TS group [TS2: OR 
= 0.54 (0.32;0.92); TS3: 0.40 (0.17;0.98)] (table 4).

DISCUSSION
The main result of the current study was the protective effect of good 
levels of estimated TS on BP, especially in older population. Table 
1 showed the results considering age as an independent variable. 
Briefly, both adults and older groups performed the same number and 
time per week of physical exercise into their daily routines; however, 
the adults group presented higher level of TS. Although the intensity 
and volume of physical exercise were not considered in this study, 
but just the current estimated TS, it was observed an impairment in 
all results related to functional fitness. These results are in accordance 
with many others studies that pointed out the deleterious effects on 
physical capacity over the years, such as a decrease in endurance, 
muscle strength, flexibility and others[32-36].  
    Moreover, older group presented higher values of SBP, even taking 
more medicine and practicing the same number and times per week 
of physical exercise compared with adults group. This result suggests 
that there are many physiological changes that occur in the human 
body over the years which can compromise the mechanisms respon-
sible to BP control. Although the present study did not evaluate these 
factors, a lot of studies have pointed the humoral factors, nervous 
system and arterial stiffness as the main factor for the impaired BP 
control among older people[10,37,38].
    Regarding to humoral factors studies have shown that aging 
process is associated with decrease in nitric oxide (NO) concentra-
tion[10,11] and increase in renin-angiotensin system (RAS) activity 

Table 3 Number of physical exercise practiced and time per week of 
this practice in adults and older according to the level of training status, 
and the frequency of people classified according to blood pressure and 
medicine consumption. 

TS1 TS2 TS3

Adults Group

Number of physical exercise 1.0 ± 0.14 1.2 ± 0.13 1.8 ± 0.12ab

Time of practice per week (min) 117 ± 16 184 ± 25 208 ± 16a

N(%) N(%) N(%)

Normotensive (n = 109) 20 (18) 26 (24) 63 (58)

Hypertensive with medication (n = 78) 25 (32) 21 (27) 32 (41)

Hypertensive without medication (n = 17) 3 (18) 6 (35) 8 (47)

Chi-square test - 7.261; P = 0.123

Older Group

Number of physical exercise 1.2 ± 0.09 1.7 ± 0.12a 2.0 ± 0.17a

Time of practice per week (min) 144 ± 13 199 ± 21 261 ± 24a

N(%) N(%) N(%)

Normotensive (n = 79) 33 (42) 20 (25) 26 (33)

Hypertensive with medication (n = 100) 53 (53) 31 (31) 16 (16)

Hypertensive without medication (n = 13) 8 (62) 2 (15) 3 (23)

Chi-square test - 8.244; p = 0.083
TS1: very low functional fitness; TS2:  regular functional fitness; TS3: very 
good functional fitness; a vs respective TS1, b vs respective TS2, p < 0.05. 
n(%) - total number of participant in that classification and percentage.
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which compromise the peripheral resistanc[38-40]. As example, Lauer 
et al[10] demonstrated that older groups had lower concentrations of 
NO compared with young groups, suggesting a decrease in vascular 
capacity to adapt to any stimulus with physiological aging. Concomi-
tantly, Najjar, Scuteri and Lakatta[41] reported that the components 
of RAS pathway, especially angiotensin II by AT1 receptor, seem 
to be increased with aging, which will contribute to increase vaso-
constriction. Moreover, with advancing age, it has been observed an 
increase in sympathetic nerve activity (SNA) which is most of the 
times positively associated with hypertension, especially in women 
after menopause, mainly because of the role of sex hormones in the 
BP regulation[6,42]. It has also been reported in the literature a lack 
in the physical integrity of the vessel, a degradation in the elastic 
component (elastin) and accumulation of collagen fibers[43,44] along 
the aging process. All these factors may contribute to increase arte-
rial stiffness[24,37,44-46]. Nilsson[9] reported that the main hemodynamic 
consequences with arterial stiffening are: increased BP variability, 
decreased heart rate variability, impaired endothelial and baroreflex 
functions. Several other studies have also reported that arterial stiff-
ening has a direct relationship with endothelial dysfunction[43,46-48], 
decreased NO concentration [43,48,49], and increased vasoconstriction 
by RAS activity[9,46,48]. Overall, cardiovascular performance and con-
trol of BP does not depend only of the cardiac work, but also of the 
physical structures (elastic components) and functional structure (re-
lease of vasoactive substances and nerve system), which appear to be 
committed with the natural aging process[9]. So, all these topics may 
explain the differences in SBP found in the present study between 
adults and older groups.  
    Despite these changes with the aging process, active lifestyle has 
been considered essential tool for improvement in health and qual-
ity of life[35,36,50,51]. In fact, keeping good levels of TS may contribute 
to minimize the deleterious effects of aging. Thereby, in order to 
verify if good levels of TS can modulate the values of BP in adults 
and older, both groups were divided according to TS. The results 
revealed that besides the consumption of medication taken by adults 
in TS3 was lower compared with TS1, the BP was similar. On the 
other hand, in the older group, good levels of TS contribute to main-
tain good levels of BP, even taking different amounts of medication. 
In addition, the multivariate-adjusted model analysis suggested that 
good level of TS was associated with low risk to develop hyperten-
sion. These results suggest a beneficial effect of good level of TS in 
association with low level of SBP, DBP and antihypertensive medica-
tion consumption in older. 
    Following the same explanation reported previously, the humoral 
factors, nervous system and the arterial stiffness probably are still not 
sufficiently affected in the adults group, thereby, justifying the simi-
lar results in the BP among different TS groups. However, in older 
group, these mechanisms seem to be impaired, but a greater respon-
siveness was presented as a consequence of better TS. 
    It is important to highlight in the current study that estimated TS 
was obtained by a physical battery test instead of a questionnaire. 
Although these questionnaires have been used in the literature, some 
controversial results are found. Nakamura et al[21] found a good rela-
tionship between quality of life and level of physical activity evalu-
ated by questionnaire in male and female adults. However, Sebastião 
et al[22], exploring the issues associated with measuring physical ac-
tivity (using the International Physical Activity Questionnaire IPAQ) 
in adults living in a mid-sized Brazilian city, concluded that IPAQ-
long form appears to overestimate the levels of physical activity for 
both males and females, suggesting that this instrument has prob-
lems in measuring levels of physical activity in Brazilian adults. In 

complement, Czeczelewska et al[52] also found no differences in SBP 
and DBP in men and women with different level of physical activity 
evaluated by questionnaire. These controversial and different results 
maybe explained due to subjective answers of the participant using 
questionnaires, which represent the participant’s perception in that 
moment and not the participant’s actual physical condition.
    On the other hand, higher levels of physical activity, evaluated by 
pedometer, were significantly associated with lower use of medica-
tion in women engaged in a physical-activity program and public 
healthcare users. These findings suggest that involvement in physi-
cal activity can help to reduce medicine usage among older women 
who are functionally independent[53]. Although this study found some 
positive results, the pedometer evaluation involve just one variable. 
According to ACSM, a multicomponent task should be prioritized in 
older population.
    So, the TS, evaluated by physical functional battery, not only 
characterizes general physical capacity, but also acts as a marker of 
current and future health [17]. A lot of studies have been reported many 
health benefits associated with physical function[18], however it is 
important to highlight that the current study used a multicomponent 
evaluation to establish these association, as presented in table 4, high 
level of estimated TS represent low chance to be hypertensive. 

CONCLUSION
In summary, the present study revealed that older group present 
high levels of BP even though are taking a large amount of antihy-
pertensive medication. In addition, when participants were divided 
according to estimated TS, the adults group presented no differences 
of BP. Nevertheless, in the older group, although the consumption of 
medication was not different between TS groups, good level of TS 
was associated with low level of BP. So, the current study contributes 
to establish that good level of TS may be considered as a marker of 
good level of BP, especially in older.
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