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Early physical activity promotes lower prevalence
of chronic diseases in adulthood

Rômulo A Fernandes and Angelina Zanesco

Epidemiological studies have shown high rates of occurrence of arterial hypertension and type 2 diabetes mellitus among adults,

and early preventive actions are extremely relevant for public policy strategies. The purpose of this study was to analyze the

relationship between the prevalence of arterial hypertension and type 2 diabetes in adulthood and physical activity (currently

and in childhood/adolescence). A retrospective study was carried out from March to November of 2009. Data were collected

through interviews, and both diseases were assessed through self-report and confirmed by previous medical diagnosis. Current

physical activity and that performed in childhood (7–10 years old) and adolescence (11–17 years old) were analyzed. Of the

1436 adults analyzed in this survey, B61% were women (n¼881). Respondents’ ages ranged from 18 to 94.8 years, and

20.2% of the total participants were X65 years old. Our results show that men (18%) were more physically active than women

(9.4%), whereas younger respondents and those with more formal education exhibited greater physical activity levels

(Po0.001). Obese subjects presented lower physical activity levels (P¼0.027). Physical activity in youth was associated with

lower rates of occurrence of arterial hypertension (odds ratio (OR)¼0.42 (95% confidence interval (CI)¼0.29–0.62)) and type 2

diabetes mellitus (OR¼0.29 (95% CI¼0.15–0.56)) in adulthood, but current physical activity was not related to these

outcomes. Our study reveals a positive relationship between early physical activity in both childhood and adolescence and lower

rates of occurrence of endocrine and cardiovascular diseases in adulthood.
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INTRODUCTION

Epidemiological studies have shown high rates of occurrence of
obesity, arterial hypertension and type 2 diabetes mellitus among
the adult population.1,2 Thus, effective protection against risk factors
for endocrine and cardiovascular diseases is an important issue for
public health policies.3 Evidence indicates that physically active
individuals have more longevity with less morbidity and mortality.
Indeed, physical exercise may prevent or reduce the deleterious effects
of pathological conditions, such as arterial hypertension, type 2
diabetes mellitus and metabolic syndrome.4 Furthermore, it has
been reported that cellular abnormalities associated with the develop-
ment of these unhealthy outcomes in adulthood are initiated in early
life.5 Accordingly, it has been shown that a higher level of physical
activity is associated with lower blood pressure at rest in children.6

However, the relative influences of the levels of physical activity
practiced currently and during youth on unhealthy outcomes in
adulthood are unclear.
Thus, the purpose of our retrospective study was to analyze the

relationship between the prevalence of arterial hypertension and type
2 diabetes mellitus in adulthood and physical activity currently and
during youth.

METHODS

Participants
This study was approved by the Review Board of the Institute of Bioscience of

the Sao Paulo State University, and all participants provided written informed

consent.

Our survey was carried out from March to November of 2009 in four cities:

Rio Claro (191 886 inhabitants and a human development index of 0.825),

Presidente Prudente (207 725 inhabitants and a human development index of

0.846), Bauru (359 429 inhabitants and a human development index of 0.825)

and São Paulo (11 037 593 inhabitants and a human development index of

0.841) in the state of Sao Paulo (the most industrialized Brazilian state). Before

beginning the study, two necessary sample sizes were estimated in consideration

of the mean outcomes, and the higher one was adopted (arterial hypertension

(n¼749) with prevalence of 36%7 and type 2 diabetes mellitus (n¼687) with

prevalence of 29%;1 both estimated with a standard error of 4.5% and a

significance of 5%). Both sample sizes granted a type I error rate of 5% and a

power of 80%. Thus, considering a sample size of 749 and 10% loss, it was

planned to interview a final sample of at least 824 participants. A multistage

random process was carried out in the urban areas of each city, and three

inclusion criteria were adopted: (i) age X18 years, (ii) no chronic orthopedic

complication (that is osteoporosis or osteomyelitis) and (iii) living in the

current home for at least 2 years. After fieldwork, the final sample of

interviewed adults totaled 1436 participants.
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Self-reported data
Data were collected by interviews, and both diseases, arterial hypertension and

type 2 diabetes mellitus, were assessed by self-report and confirmed by previous

medical diagnosis. Body weight (kg) and height (m) were self-reported, and

body mass index (BMI) was calculated as body weight divided by height

squared and expressed in kgm�2. Schooling was categorized as 1–4 years, 5–8

years, 9–11 years or X12 years. Smoking status (currently smoking or have

either never smoked or smoked in the past) was also assessed. During the

fieldwork, 23 subjects did not indicate their body weight; therefore, the analysis

of nutritional status was carried out with 1413 subjects.

Current physical activity and physical activity during youth
Current physical activity levels were assessed by the Baecke questionnaire

(section 2: sport activities in leisure time),8 on the basis of which each

participant was defined as (i) inactive (no physical activity in leisure time);

(ii) insufficiently physically active (subjects perform less than 180min per week

of physical activities of moderate to vigorous intensity or had performed

180min per week of physical activities of moderate to vigorous intensity for less

than 9 months); or (iii) physically active (subjects perform any physical activity

of moderate to vigorous intensity for X180min per week and had done so for

more than 9 months preceding the interview). In this assessment, we included

both physical activities performed in leisure time (for example, walking and

running) and fitness club activities (for example, running on a treadmill,

aerobics or resistance training).

For assessment of physical activity in youth, childhood was defined as the

period from 7 to 10 years of age and adolescence as the period from 11 to 17

years of age. Physical activity levels in both periods were assessed by two

questions: ‘Outside the school, did you engage in any organized/supervised

sporting activities for at least 1 year during the time you were 7–10 years old?’

and ‘Outside of school, did you engage in any organized/supervised sport

activities for at least 1 year during the time you were 11–17 years old?’ Other

physical activities, such as dance training, were also included. Thus, for all

statistical analyses, a variable was created with three possible values: (i) None: if

the participant responded ‘no’ to both questions; (ii) Either childhood or

adolescence: if the participant responded ‘yes’ to just one question; and

(iii) Both: if the participant responded ‘yes’ to both questions.

Validity and reproducibility of the self-reported data
Validity and reproducibility of the main outcomes were assessed previously. For

reproducibility, 2 weeks after the first home interview, participants were reinter-

viewed by a different interviewer. The relationship between the BMI values

reported in the two measurements was high (intraclass correlation¼0.99;

P¼0.001). In addition, the kappa statistic (k) was high for all categorical variables:

arterial hypertension (k¼1.00; P¼0.001), type 2 diabetes mellitus (k¼1.00;

P¼0.001), nutritional status (obesity presence: k¼0.86; P¼0.001), physical activity

in childhood (k¼1.00; P¼0.001), physical activity in adolescence (k¼1.00;

P¼0.001) and current physical activity (X180min per week: k¼1.00; P¼0.001).

For assessment of the validity of reported values, during the second home

interview, a subsample of participants were invited to participate in a direct

measurement of fasting glucose, resting blood pressure and anthropometry. Of

a total of 30 invitees, only 18 agreed to participate (15 men and 3 women;

because of the low number of females, female participants were excluded from

this analysis). The correlation between reported and measured BMI values was

high (intraclass correlation¼0.89 (0.72; 0.96); P¼0.001). No subjects in this

subgroup reported having type 2 diabetes mellitus; mean fasting glucose was

91.4mgdl�1 (ranging from 81 to 130mgdl�1), and only one subject presented

fasting glucose X100mgdl�1. Approximately 93.4 % of the respondents

reported correct health status.

Arterial hypertension was defined according to the guidelines of the Inter-

American Society of Hypertension (starting at stage 1 with systolic blood

pressure values X140mmHg and/or diastolic blood pressure values

X90mmHg at rest). In this subsample, only one subject had previously self-

reported arterial hypertension and, in the indirect measurement in the

laboratory, presented systolic and diastolic blood pressure of 130 and

90mmHg, respectively, confirming the previous diagnosis. Excluding this

hypertensive subject, mean diastolic blood pressure of the sample was

72.8mmHg (ranging from 50 to 82mmHg), and mean systolic blood pressure

was 124.1mmHg (ranging from 107 to 142mmHg). Two subjects who had

not previously self-reported arterial hypertension presented systolic blood

pressure X140mmHg in indirect measurement. Approximately 86.7% cor-

rectly self-reported their health status.

Statistical analysis
Numerical data were compared using the Student’s t-test for independent

samples. Categorical data were expressed as rates and compared by w2-tests with
Yates’ correction in 2�2 tables and for linear trends. Binary logistic regressions

were applied when w2-test results were statistically significant. For assessment of

the relationship between unhealthy outcomes in adulthood and physical

activity (currently and during youth), a multivariate model for logistic

regression was structured, in which potential confounders captured by the

interviews (age, nutritional status, schooling, gender and smoking history) were

inserted. Kappa statistics and intraclass correlations were used as indicators of

agreement (categorical variables) and linear relationship (numerical), respec-

tively. Significance (P) was indicated when Po0.05, and the statistical software

SPSS (version 13.0) was used in all analyses.

RESULTS

Of the 1436 adults analyzed in this survey, 61% were women (n¼881)
and 39% were men (n¼555). In the overall sample, respondents’ ages
ranged from 18 to 94.8 years, with 20.2% of the total participants
being X65 years old (n¼290). The mean age for women was
48.3±18.5 years and that for men was 45.8±191 years (P¼0.012).
Formal education of the sample studied was categorized as 1–4 years
(24%), 5–8 years (15.5%), 9–11 years (38.6%) or X12 years (21.9%).
For participants with X12 years of formal education, the percentage
of men was significantly greater than that of women (25 vs. 20% of the
overall sample, P¼0.001).
Our results show that men were more physically active than women

and younger participants with more formal education engaged in
more physical activity. Obese and overweight subjects reported lower
physical activity levels. The data are summarized in Table 1.

Table 1 Regular physical activity stratified according to gender,

formal education and body mass index (BMI) in adults

Current physical activity

Inactive o180min per wk X180min per wk

Variables N (%) N (%) N (%) P

Gender 0.001*

Male 324 (58.4) 131 (23.6) 100 (18)

Female 602 (68.3) 196 (22.2) 83 (9.4)

Age 0.001*

18–29.9 Years old 194 (54) 101 (28.1) 64 (17.8)

30–49.9 Years old 285 (70) 81 (19.9) 41 (10.1)

50–64.9 Years old 236 (62.1) 91 (23.9) 53 (13.9)

X65 Years old 211 (72.8) 54 (18.6) 25 (8.6)

Schooling 0.001*

1–4 Years 273 (79.1) 43 (12.5) 29 (8.4)

5–8 Years 166 (74.8) 41 (18.5) 15 (6.8)

9–11 Years 328 (59.2) 148 (26.7) 78 (14.1)

X12 Years 159 (50.5) 95 (30.2) 61 (19.4)

BMI** 0.027*

o25kg m�2 435 (63) 171 (24.6) 87 (12.5)

25–29.9kgm�2 292 (61) 107 (22.8) 74 (15.8)

X30kg m�2 180 (73.8) 46 (18.9) 18 (7.4)

Abbreviation: BMI¼body mass index.
*¼w�2-test for linear trend; **¼n: 1413
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Arterial hypertension was self-reported by approximately 25.7%
(95% CI¼22.6–27.8%) of the studied population (n¼369), and the
percentages of men and women reporting arterial hypertension were

statistically different (w2-test; Figure 1d). Regarding type 2 diabetes
mellitus, 8.9% (95% CI¼7.1–10.4%) of the sample reported this
endocrine metabolic disorder (n¼128) and the percentages were

Figure 1 Prevalence (%) of arterial hypertension and type 2 diabetes mellitus stratified by age (a), BMI (b), schooling (c) and gender (d).

Figure 2 Prevalence (%) of physical activity in youth according to age (a), gender (b), schooling (c) and BMI (d).
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similar between men and women. On the basis of the calculated BMI,
approximately 33.9% (n¼479) of individuals in the sample were
overweight and 17.3% (n¼244) were obese. To evaluate the influence
of aging, BMI and schooling on the prevalence of arterial hypertension
and type 2 diabetes mellitus, we analyzed the occurrence of both
pathological conditions according to each parameter. Our data show
that the prevalence of arterial hypertension and type 2 diabetes
mellitus increases with advancing age (Figure 1a) and increasing
BMI (Figure 1b). In contrast, the prevalence of both disorders
decreases in subjects with the most formal education (Figure 1c).
Analyzing the physical activity practiced in youth, our data show

that elderly subjects were less regularly engaged in sporting activities
during childhood and adolescence compared with younger people in
our studied population (Figure 2a). As expected, men were markedly
more engaged in physical activity as youths compared with women
(Figure 2b), and the highest level of formal education was positively
associated with physical activity in both childhood and adolescence
(Figure 2c). Obese and overweight participants had been less regularly
engaged in sporting activities during childhood and adolescence
compared with subjects with BMI o25kgm�2 (Figure 2d).
More engagement in physical activity during early life was asso-

ciated with lower rates of both analyzed outcomes in adulthood
(Figure 3a). Similarly, current physical activity meeting the guidelines
for a health-promoting effect (4180min per week of moderate to
vigorous physical activity) was significantly associated with lower
occurrence of arterial hypertension but was not associated with type
2 diabetes mellitus (Figure 3b).
Subjects who were physically active at the time of the study were

more engaged in physical activities during childhood or adolescence
(OR¼1.64; 95% CI¼1.03–2.60; P¼0.035) or both (OR¼2.35; 95%
CI¼1.67–3.32; P¼0.001).
We also assessed the relationship between physical activity (cur-

rently and during youth) and occurrence of arterial hypertension and
type 2 diabetes mellitus in adulthood. After adjustment for confoun-
ders (age, body weight status, schooling, gender and smoking), current
physical activity was not significantly associated with both outcomes
(Figure 4a for type 2 diabetes mellitus and panel b for arterial
hypertension). However, physical activity during youth was associated
with a lower occurrence of both arterial hypertension (panel d) and
type 2 diabetes mellitus (panel c). These associations were more robust
(smaller range in 95% CI) for arterial hypertension (OR¼0.42; 95%
CI¼0.29–0.62) and type 2 diabetes mellitus (OR¼0.29; 95% CI¼0.15–
0.56) when the adult was regularly engaged in physical activity in both
childhood and adolescence.

DISCUSSION

This retrospective survey investigated the occurrence of endocrine and
cardiovascular diseases in adults stratified according to physical
activity during childhood and adolescence in a middle-income coun-
try. We found that physical activity during youth is a stronger
predictor of these diseases in adulthood than is current physical
activity.
Arterial hypertension is a highly prevalent chronic disease and the

most common reversible risk factor for cardiovascular disease.
Approximately 50% of coronary heart disease and 75% of stroke are
due to higher than ideal blood pressure levels.9 The number of
hypertensive persons worldwide in 2000 was estimated at 972 million,
and by the year 2025, it is estimated that 1.56 billion persons will have
hypertension.10 However, safe, effective and inexpensive options are
available for the management of hypertension, such as changes in
lifestyle.11 In fact, physical exercise of adequate intensity, duration and

frequency improves cardiorespiratory fitness in healthy subjects, in
addition to managing chronic diseases.12,13

The prevalence of arterial hypertension and type 2 diabetes mellitus
is estimated to be 29 and 9.3%, respectively, in the American adult
population.1,2 In our study, approximately 25.7 and 8.9% of adults
reported arterial hypertension and type 2 diabetes mellitus, respec-
tively, confirming the presence of elevated rates of both disorders in a
Brazilian population obtained by self-report (that is, with a likelihood
of underestimation). In agreement with our data, a recent survey
indicated that the prevalence of arterial hypertension in a rural
Chinese population increased from 20.4% in 1991 to 30.6% in
2007.14 These data reinforce the importance of preventive actions to
control prevalence, as well as the risk factors associated with both
pathological conditions, such as advancing age, dyslipidemia and
rapid growth in the rates of overweight and obesity.
Regarding body weight status, our findings clearly show that

current physical activity levels were lower in obese adults compared
with those of normal body weight. In addition, a cross-sectional
relationship was found between current physical activity level and the
prevalence of arterial hypertension. One previous study has encour-
aged health-care professionals to recommend physical activity to ill
subjects, and therefore our results could be affected by this reverse
causality.15 It should be emphasized that in the assessment of current
physical activity in our analysis, a previous period of engagement of at
least 9 months in the reported activities was required to avoid bias.
On the other hand, BMI was the most powerful confounder in the

Figure 3 Prevalence (%) of arterial hypertension and type 2 diabetes

mellitus stratified by early physical activity (a) and current physical activity

level (b). PAL¼physical activity level.
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multivariate model, and when it was inserted into the analysis of
current physical activity, the analyses did not yield a significant
association of current physical activity with both outcomes.
Obesity has a relevant role in the genesis of arterial hypertension

and type 2 diabetes mellitus, although the exact nature of this relation
remains unclear. Several potential mechanisms have been linked to
obesity, including greater sympathetic activity, endothelial dysfunction
and increased plasma levels of angiotensin II, leptin, cortisol and
insulin.16 In our study, obesity was associated with arterial hyperten-
sion and type 2 diabetes mellitus, supporting the findings of previous
studies.7,16 It is well documented that physical activity promotes
improvement of vascular function, as well as increased insulin
sensibility, showing the beneficial effects of physical activity on the
prevention of cardiovascular and endocrine metabolic diseases.4,17,18

Recently, a study reported that a decline in fitness from childhood to
adulthood was associated with insulin resistance in adulthood, sug-
gesting that this outcome should be derived from a decline in physical
activity, but this association was not analyzed directly as childhood
physical activity was not assessed.19 In our study, we clearly show that
physical activity performed during youth is positively associated with
lower prevalence of arterial hypertension and type 2 diabetes mellitus
in adulthood, indicating the importance of physical activity in the
young population. The positive effect of early physical activity on
these outcomes is likely due to the well-documented continuous
endocrine metabolic stimulation, as well as because of hemodynamic
changes in the organism in response to physical activity, which present
characteristics of tracking.
One previous study failed to show a relationship between arterial

hypertension in adulthood and early physical activity.20 Methodo-
logical differences may explain the discrepancy between that study and
the present study. In our study, childhood and adolescence are

considered both separately and in combination (with the variable
combining both periods presenting the more restricted 95% CI for its
OR), whereas in the other study, early physical activity was considered
only during adolescence. Thus, our findings show that considering
both childhood and adolescence makes the association more consis-
tent than those made in an isolated manner. Moreover, our definition
of childhood and adolescent physical activity required at least 12
months of practice, whereas the Reichert et al.20 study used a 6-month
period.
Our study has strengths, such as the multistage random process

used and the high level of reproducibility/validity, which grant internal
validity. On the other hand, its limitations are related to the self-report
of diseases, which can lead to underestimation of the analyzed out-
comes. It is noteworthy that our data were similar to those obtained by
previous studies, indicating that this underestimation, if it happened,
was similar in all subgroups and did not affect the overall findings.
The lack of control for BMI during childhood, which is an important
potential confounder, should also be considered.
In conclusion, our study revealed a negative association between

early physical activity—in both childhood and adolescence—and the
occurrence of endocrine and cardiovascular diseases in adulthood.
Our data reinforce the importance of preventing obesity and physical
inactivity in childhood and adolescence as a primary focus of public
policies.
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Figure 4 Adjusted ORs and 95% CIs for relationships between current and early physical activity levels and occurrence of arterial hypertension

(b, d, respectively) and type 2 diabetes mellitus (a, c, respectively). *¼OR adjusted by gender, age, BMI, smoking history and schooling.
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