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Introduction: Arterial hypertension is a global health problem and one of the
main risk factors for cardiovascular diseases (CVD), and therefore for morbidity
and mortality among adult men and women. Factors related to obstetric history,
family history, sociodemographic characteristics, and lifestyle habits are known
determinants of arterial hypertension.

Methods: Case-control study of women belonging to the 1978/79 birth cohort
conducted in the city of Ribeirdo Preto/SP. Sociodemographic data, presence of
comorbidities, maternal comorbidities, paternal comorbidities, comorbidities during
pregnancy, and biometric and biophysical markers associated with blood pressure
measured by 24-h ambulatory blood pressure monitoring (ABPM) were assessed in
women aged 38-39 years. We want to study which variables of the previous
sentence are related to the presence of hypertension measured by ABPM.

Results: Data from 281 women were analyzed. Our results showed that
ethnicity, a history of hypertension, and gestational hypertension reported by
the women were significantly associated with the presence of hypertension
measured by ABPM. Other factors such as marital status, educational level,
comorbidities of the woman, paternal or maternal comorbidities,
anthropometric measurements or serum levels of cardiovascular markers
were not associated with the presence of hypertension measured by ABPM.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.992595/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2022.992595&domain=pdf&date_stamp=2022-11-09
mailto:eduardo.veiga@fm.usp.br
https://doi.org/10.3389/fphar.2022.992595
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2022.992595
5769452
Realce


Brandéo et al.

10.3389/fphar.2022.992595

Conclusion: We conclude that ethnicity, self-reported hypertension, and
gestational hypertension are associated with arterial hypertension measured

by ABPM.
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Introduction

Birth cohort studies have been high priority on the research
agenda of developed countries for scientific and technological
advancement (Brandstetter et al., 2019). Arterial hypertension is a
chronic disease and a public health problem in Brazil and in the
world. In addition, it is one of the main risk factors for cardiovascular
diseases (CVD) and a leading cause of death worldwide (Brant et al,,
2022) (Ribeiro et al,, 2016) Arterial hypertension is characterized by
persistently raised blood pressure, i.e., systolic blood pressure (SBP) >
130 mmHg and/or diastolic blood pressure (DBP) > 80 mmHg,
measured with the correct technique on three different occasions
in the absence of antihypertensive medication (Whelton et al., 2018).

After pregnancy, women with hypertensive disorders of
pregnancy such as gestational hypertension and preeclampsia
are at increased risk of developing CVD (Honigberg and
2020).
syndrome that affects about 5%-8% of pregnancies and is a

Natarajan, Preeclampsia is a specific pregnancy
leading cause of maternal, fetal and neonatal mortality. The
condition is characterized by raised blood pressure after the
20th week of gestation (Rana et al.,, 2019).

Metabolic syndrome is defined by the health word
organization (WHO) as a cluster of conditions that include
arterial hypertension, abdominal obesity, dyslipidemia, and
altered glucose metabolism (Fahed et al., 2022). It is estimated
that about one quarter of the world’s population has metabolic
syndrome, corresponding to more than one billion people. In
Brazil, a prevalence of metabolic syndrome in the adult
population of 29.6% has been reported, which can reach more
than 40% in age groups over 60 years (Oliveira et al., 2020; de
Siqueira Valadares et al., 2022).

Studies of blood pressure measurements are uncommon in the
Brazilian population and most existing ones are restricted to certain
locations and using different information, a fact impairing
comparison of the data (Jardim et al, 2020). In addition, different
diagnostic criteria exist for estimating the population prevalence of
arterial hypertension, such as cut-off point and the use or not of
associated medications (Zhou et al., 2021)

Arterial hypertension is a chronic disease whose incidence is
increasing worldwide and that is reported to be one of the main
causes of CVD, with a consequent impact on mortality, morbidity,
and quality of life (Mills et al, 2020). Knowledge of the most
the
pathophysiology of this disease in women will permit to prevent

important and prevalent risk factors related to

this condition by proposing early interventions and more appropriate
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treatments (Carey et al., 2018). Our hypothesis was that with the
technique measured by ambulatory blood pressure monitoring the
study would be able to identify hypertension in the woman’s
gestational phase, in self-reported hypertension and other
variables in women aged close to 40 years.

Materials and methods
Study design

Analytical, retrospective, case-control study that included female
patients of the Ribeirdo Preto Cohort 1978/1979. The 1978/79 cohort,
as the group of participants is called, is the first National Cohort in
Brazil and has 6827 live births in the city of Ribeirdo Preto. In
addition to the assessment at birth, these individuals were also
assessed at school age, at military enlistment, at 23-25 years, and
in their 5th assessment (2016/2017), in adulthood (38-39 years), in
which 1775 were evaluated. Individuals being 929 women.
Reinforcing the data of the participants of this study were carried
out on women who were aged between 38 and 39 years. These
women were invited to attend spontaneously interviews and
examinations at the University of Sdo Paulo, at the Hospital das
Clinicas of the Faculty of Medicine of Ribeirdo Preto. Of the
929 patients who attended, 281 were accepted to have the
ambulatorial blood pressure monitoring (ABPM) placed. The
placement of the ABPM device was an option for the participants
and not a criterion of the study. Measurement blood pressure was
performed for 24h from ABPM placement. ABPM analysis
measures data on mean 24-h systolic and diastolic blood pressure,
and mean systolic and diastolic blood pressure during wakefulness
and sleep. After these data, the study s cardiology physicians lauded
the participants’ABPM and classified them as hypertensive or
normotensive (de Souza et al., 2022). The inclusion criteria were
female participants, not pregnant at the time of the interview and
who accepted the measurement by ABPM. And the exclusion
criterion was male and women who refused to be measured
by ABPM.

Evaluation of anthropometric
measurements

The evaluation of anthropometric measurements was made
through measurements of weight, height, calculation of Body
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Mass Index (BMI), waist circumference (WC), and neck
circumference (NC).

Arterial stiffness assessment

Pulse wave velocity (PWV) analysis is a simple, non-invasive,
and reliable diagnostic method for the assessment of arterial
stiffness. (47) The computerized system Sphygmocor” Software
Version 9.0, AtCor Medical Pty Ltd., was used to record and
analyze PWV. The measurement of PWV was performed with
the participant in the supine position after a 5-min rest and an
acclimatized room (22-24°C). An inelastic measuring tape
graduated in centimeters, was used to measure the distances
between the carotid wrist and the sternal notch and between the
sternum notch and the femoral wrist. External transducers were
placed directly on the skin in the right carotid artery and the right
femoral artery. Capture the recording of pulse waves for a
minimum time interval of 10s. The PWV measurement is
automatically calculated by the ratio of the carotid-femoral
distance and the time interval between the two pulses.

Blood and urine collection

The participants had blood collection performed at the
Gynecology Laboratory of the Hospital das Clinicas of the
Faculty of Medicine of the University of Sdo Paulo in the city
of Ribeirao Preto. Blood collection was not performed on an
empty stomach. From each subject, 20 ml of whole blood was
collected and stored in conical plastic tubes (BD-Becton
Dickinson, Plymouth, United Kingdom). The women did not
use any medication that could alter the results of laboratory tests.
Blood samples were processed within a maximum of 2 h after
collection. The serum was stored at —80°C for measurement of all
serum variables at the same time.

Serum concentrations of creatinine, total cholesterol, high-
density lipoprotein, low-density lipoprotein, triglycerides,
C-reactive protein, homocysteine, basal insulin, and glucose
were quantified in an automated biochemistry analyzer
(Weiner, Rosario, Argentina). The glomerular filtration rate
was estimated from creatinine and cystatin C using the CKD-
EPI 2009 equation. (15) Glycated hemoglobin (HbAlc) was
determined by HPLC (Bio-Rad D-10, Hercules, CA).

Questionnaire applied to women

The questionnaire asked about demographic variables such
as skin color, marital status, social benefit, and educational level
(Years of schooling). After the questionnaire, ABPM was
measured, and for each demographic variable mentioned
above, evaluated the presence of hypertension.
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In the questionnaire, the patient was asked about the
presence of comorbidities. Among the questions on the
questionnaire, the patient was asked if she was aware of the
presence of the following comorbidities: high blood glucose/
diabetes,
thrombosis, arrhythmia, angina, infarction, stroke, kidney

hypercholesterolemia,  hypertension,  obesity,
disease. After this questionnaire, the participants placed the
ABPM, and the presence of hypertension measured by the
ABPM was evaluated. With this, we obtained two groups
about to with concerning these variables of the presence of
comorbidities, the hypertensive related to these comorbidities
and the normotensive related to these comorbidities.

In the questionnaire, the women were asked about the
following paternal and maternal comorbidities: knowledge of
the father’s disease, paternal high blood glucose/diabetes,
hypercholesterolemia reported by the father, cardiovascular
disease described by the father, paternal hypertension,
paternal obesity, paternal thrombosis, paternal arrhythmia,
paternal angina, paternal infarction, paternal stroke, paternal
kidney disease, knowledge of the mother’s disease, maternal high
blood glucose/diabetes, hypercholesterolemia reported by the
mother, cardiovascular disease reported by the mother,
maternal hypertension, maternal obesity, maternal thrombosis,
maternal arrhythmia, maternal angina, maternal infarction,
maternal stroke, and maternal kidney disease. And for each
variable of paternal or maternal comorbidity, evaluated the
presence or absence of hypertension.

Another evaluation performed was the presence of
hypertension measured by MAPA in pregnant women with
the following questions for women if they were aware of the
following comorbidities

during pregnancy: self-reported

preeclampsia and gestational hypertension.

Blood pressure measurement by
ambulatory blood pressure monitoring

In this study, blood pressure was measured by ABPM. The
installation of the device (A&D Company Limited, Kitamoto-shi,
Saitama-ken, Japan) was offered to all women on the day of the
interview but the decision to use the device was voluntary.

The patient was classified as hypertensive based on ABPM if the
mean SBP >130 mmHg or mean DBP >80 mmHg (Whelton et al,
2018; Flynn et al,, 2022). The obstetric history on the presence of
hypertensive syndromes and current hypertension was obtained with
the questionnaire during the interview and not from the medical
record (Barbieri et al., 2006; Malta et al., 2018; Hurrell et al., 2022).

Statistical analysis

Continuous and semi-continuous variables were compared
using a Gauss curve. Data were found to be nonparametric by the

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.992595

Brandéo et al.

TABLE 1 Description of ABPM results (n = 281).

Median 25% 75%
ABPM mean 24-h SBP 113.0 108.0 120.0
ABPM mean 24-h DBP 72.0 68.0 79.0
ABPM mean awake SBP 117.0 111.0 122.0
ABPM mean awake DBP 76.0 72.0 84.0
ABPM mean sleep SBP 106.0 100.0 113.0
ABPM mean sleep DBP 65.0 60.0 71.0
Data expressed as median and percentiles. ABPM, ambulatory blood pressure
monitoring; SBP, systolic blood pressure; DBP, diastolic blood pressure.
ABPM Hypertension
100
p <0.001
— mm YES
80 = NO
60
xR
40
20
i o 1
White Black Mixed
ethnicity
FIGURE 1

ABPM Hypertension between ethnicities.

Kolmogorov-Smirnov and Shapiro-Wilk tests and were therefore
reported as median and percentiles (25-75). The geometric mean
was used when the sample showed a high frequency of modal
values (>20%). Two independent groups were compared by the
Mann-Whitney test with Bonferroni correction. Categorical data
were expressed as absolute (n) and relative (%) frequency. The
contingency matrices were analyzed by Pearson’s chi-squared
test and complex matrices with p < 0.05.

Results

Of the 929 patients of the cohort, only 281 underwent ABPM.
Twenty-four-hour SBP and DBP were recorded, as well as
sleeping and awake SBP and DBP, and are expressed as
median and percentiles (Table 1). The median SBP was
113 mmHg and the median DBP was 72 mmHg. Blood
pressures differed between the sleep and wake periods, with a
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median SBP and DBP of 117 and 76 mmHg during the wake
period, respectively, while SBP was 106 mmHg and DBP was
65 mmHg during the sleep period.

Figure 1 shows the demographic variable of the e. A
significant difference (p = 0.001) was only observed for
ethnicity, with a higher prevalence of hypertensive women
among white patients. In Table 2 there was no difference in
marital status, i.e., if the women were married or lived with a
partner, if they were separated or divorced, or if they were single
or widowed, concluding that marital status does not influence the
presence or absence of hypertension measured by ABPM.
Receiving social benefit or educational level also did not affect
the presence or absence of hypertension measured by ABPM.

Table 3 and Figure 2 shows that there was a statistically
significant difference between patients with self-reported
hypertension and with hypertension measured by ABPM
when asked about the presence of current hypertension. In
Table 3 no significant difference was observed between
women with hypertension and normotensive measured by
ABPM when asked about the presence of high blood glucose
or diabetes, or the presence of hypercholesterolemia. ABPM also
did not detect hypertension in women with obesity (Figure 2).
There was also no difference in the presence of other self-
arrhythmia,
angina, infarction, stroke, or chronic kidney disease between

reported comorbidities such as thrombosis,
hypertensive and normotensive women.

As can be seen in Table 4, there was no difference between
patients with hypertension and without hypertension measured
by ABPM when asked about the presence of paternal
comorbidities. The women were asked whether they had
knowledge of the father’s disease, whether their father had
high blood glucose or diabetes, and whether they had
knowledge of hypercholesterolemia or CVD reported by the
father. The women undergoing ABPM were also asked about
other paternal comorbidities such as hypertension, obesity,
thrombosis, arrhythmia, angina, infarction, stroke, and kidney
disease, and no association of the presence of hypertension with
these variables was found.

Table 5 shows the analysis of the presence of maternal
comorbidities reported by the participants according to the
presence of hypertension measured by ABPM. Knowledge of
maternal diseases such as high blood glucose, diabetes,
hypercholesterolemia reported by the mother, CVD reported
by the mother, hypertension, obesity, thrombosis, arrhythmia,
angina, infarction, stroke or kidney disease did not differ between
hypertensive and non-hypertensive women.

When we evaluated the presence of hypertensive disorders of
pregnancy, we found a significant difference in patients classified
as hypertensive by ABPM when asked about gestational
hypertension (p < 0.0001) and we found no presence of
hypertension measured by ABPM when the patient was asked
about having preeclampsia (Figure 3).
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TABLE 2 Evaluation of the presence of hypertension (ABPM) according to demographic variables.

ABPM hypertension

Marital status

Social benefit

Educational level (years of schooling)

Data expressed as absolute (n) and relative (%) frequency. Pearson’s chi-squared test.

With a partner
Separated/Divorced
Single

Widowed

No

Yes

12 or more

5t08

9to 11

<4

No

172
28
64

181
77
114
28
120

Yes

%

64.4%
10.5%
24.0%
1.1%

70.2%
29.8%
42.9%
10.5%
45.1%
1.5%

10.3389/fphar.2022.992595

%

71.4%
7.1%
21.4%
0.0%
64.3%
35.7%
28.6%
7.1%
64.3%
0.0%

TABLE 3 Evaluation of the presence of hypertension (ABPM) according to the patient’s self-reported comorbidities.

ABPM hypertension

High blood glucose/diabetes
Hypercholesterolemia
Hypertension

Obesity

Thrombosis

Arrhythmia

Angina

Infarction

Stroke

Kidney disease

Data expressed as absolute (n) and relative (%) frequency. Pearson’s chi-squared test.

Table 6 shows the evaluation of the presence of hypertension
measured by ABPM according to anthropometric parameters
(waist circumference, neck circumference, weight, height, BMI,
weight-to-height ratio and no significant difference was observed

Frontiers in Pharmacology

No

232
35
209
57
213
54
147
120
260

243
21
246
19
265
2
266
1
238
29

05

%

86.9%
13.1%
78.6%
21.4%
79.8%
20.2%
55.1%
44.9%
97.4%
2.6%

92.0%
8.0%

92.8%
7.2%

99.3%
0.7%

99.6%
0.4%

89.1%
10.9%

Yes

%

92.9%
7.1%
78.6%
21.4%
28.6%
71.4%
42.9%
57.1%
100.0%
0.0%
78.6%
21.4%
92.9%
7.1%
100.0%
0.0%
100.0%
0.0%
78.6%
21.4%

Pearson X*
Sig

0.932

0.641

0.559

Pearson X

Sig

0.515

1.000

<0.0001

0.372

0.540

0.080

0.997

0.745

0.819

0.225

between hypertensive and non-hypertensive women. As can be

seen in Table 7, there was no significant difference in markers of

CVD (serum triglycerides, cholesterol, LDL, HDL, creatinine,

glucose, C-reactive protein, homocysteine, basal insulin, and
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ABPM Hypertension

5 p < 0.0001
' mm YES
60- = NO
X 40
20+
0_
& )
06\0 voe’e\
?:bz o
&
L
&
QC)
@
&
FIGURE 2

ABPM Hypertension between self reported hypertension and
obese women.

10.3389/fphar.2022.992595

glycated hemoglobin) between hypertensive and non-
hypertensive women based on ABPM. Also in Table 7, there
was no difference in pulse wave velocity between hypertensive

and non-hypertensive women.

Discussion

The main findings of the present study were: that white
women had hypertension detected by the ABPM; women who
reported that they were aware of being hypertensive in the
interview when they were measured by the ABPM had their
hypertension demonstrated by blood pressure data; gestational
hypertension measured by the ABPM presented hypertensive.

Two approaches were used in this study to assess the
presence of arterial hypertension: one was through a
questionnaire, the women answered if they knew if they were
hypertensive and answered positively and the other was through
quantitative measures such as measured by ABPM confirming
hypertension. Hypertension was reported during the interview

TABLE 4 Evaluation of the presence of hypertension (ABPM) according to paternal comorbidities.

ABPM hypertension No
n
Knowledge of the father’s disease No 43

Yes 219

Paternal high blood glucose/diabetes No 151
Yes 62

Hypercholesterolemia reported by the father No 141
Yes 65

Cardiovascular disease reported by the father No 165
Yes 11

Paternal hypertension No 106

Yes 103

Paternal obesity No 155
Yes 60

Paternal thrombosis No 196
Yes 11

Paternal arrhythmia No 182
Yes 25

Paternal angina No 171
Yes 37

Paternal infarction No 177
Yes 37

Paternal stroke No 197
Yes 19

Paternal kidney disease No 186
Yes 24

Data expressed as absolute (n) and relative (%) frequency. Pearson’s chi-squared test.
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Yes Pearson X?
% n % Sig
16.4% 2 14.3% 0.834
83.6% 12 85.7%
70.9% 9 75.0% 0.760
29.1% 3 25.0%
68.4% 7 58.3% 0.466
31.6% 5 41.7%
93.8% 10 90.9% 0.709
6.3% 1 9.1%
50.7% 5 41.7% 0.542
49.3% 7 58.3%
72.1% 11 91.7% 0.137
27.9% 1 8.3%
94.7% 11 91.7% 0.655
5.3% 1 8.3%
87.9% 10 83.3% 0.638
12.1% 2 16.7%
82.2% 8 72.7% 0.428
17.8% 3 27.3%
82.7% 9 75.0% 0.496
17.3% 3 25.0%
91.2% 11 91.7% 0.956
8.8% 1 8.3%
88.6% 10 83.3% 0.583
11.4% 2 16.7%
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TABLE 5 Evaluation of the presence of hypertension (ABPM) according to maternal comorbidities.

ABPM hypertension No
n
Knowledge of the mother’s disease No 6
Yes 260
Maternal high blood glucose/diabetes No 173
Yes 85
Hypercholesterolemia reported by the mother No 136
Yes 116
Cardiovascular disease reported by the mother No 80
Yes 98
Maternal hypertension No 102
Yes 156
Maternal obesity No 148
Yes 111
Maternal thrombosis No 239
Yes 15
Maternal arrhythmia No 201
Yes 53
Maternal angina No 199
Yes 57
Maternal infarction No 229
Yes 28
Maternal stroke No 243
Yes 15
Maternal kidney disease No 229
Yes 25

Data expressed as absolute (n) and relative (%) frequency. Pearson’s chi-squared test.

by 19.1% of the women, and the prevalence of hypertensive
among women measure by ABPM was 4.98% In addition, 4.95%
of the participants reported preeclampsia during a pregnancy.

In our study, we demonstrated a statistically significant
difference in white skin color in which women were detected
as having hypertension by ABPM while other ethnicities such as
black and mixed women did not have this difference. The studies
by Mendes et al. (2018) and Paula et al. (2020) discuss the
differences between hypertensive and normotensive people when
the topic is ethnicity or race. Other demographic characteristics
such as marital status and educational level did not show a
statistical difference showing the presence or absence of
hypertension when measured by the ABPM.

Regarding cardiovascular comorbidities, our study found no
significant associations between hypertension measured by
ABPM and diabetes, obesity, infarction, stroke, chronic kidney
disease, or other comorbidities. Comparing these data with the
literature, it is known that hypertension is associated with several
risk factors for cardiovascular diseases (CVD), including lipid
disorders such as high levels of cholesterol and triglycerides,
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Yes Pearson X
% n % Sig
2.3% 0 0.0% 0.570
97.7% 14 100.0%
67.1% 8 57.1% 0.444
32.9% 6 42.9%
54.0% 10 71.4% 0.201
46.0% 4 28.6%
44.9% 8 72.7% 0.073
55.1% 3 27.3%
39.5% 4 28.6% 0.413
60.5% 10 71.4%
57.1% 10 71.4% 0.292
42.9% 4 28.6%
94.1% 14 100.0% 0.349
5.9% 0 0.0%
79.1% 13 92.9% 0.213
20.9% 1 7.1%
77.7% 11 84.6% 0.559
22.3% 2 15.4%
89.1% 13 92.9% 0.658
10.9% 1 7.1%
94.2% 12 85.7% 0.202
5.8% 2 14.3%
90.2% 14 100.0% 0218
9.8% 0 0.0%

obesity, and tobacco and alcohol consumption. It is also known
that the presence of more than one risk factor for CVD such as
heart attack, chronic kidney disease and stroke are increased in
patients with hypertension (Levine et al., 2018; Unger et al.,
2020). In our study, due to the small number of women, we did
not find this association. Regarding paternal and maternal
comorbidities, our study did not find hypertension to be
associated with these comorbidities It is also known that
paternal and maternal comorbidities influence the presence of
hypertension, another result different from the literature in our
study (Levine et al., 2018; Unger et al., 2020).

Our study also assessed the presence of hypertension
measured by ABPM according to with median measures of
anthropometric parameters, including abdominal
circumference, neck circumference, weight, height, BMI,
waist-to-height ratio. There was no significant difference in
these parameters, i.e., the anthropometric measurements,
always considering that the anthropometric parameters are
with median values, of the participants are not related to the

presence of hypertension. In the literature we find that we
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ABPM Hypertension
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FIGURE 3

ABPM Hypertension between gestational hypertension and
self reported hypertension

found that in the study by Cassani et al. (2009) only waist
circumference was associated with hypertension detected by
conventional blood pressure measurement, while other
associated with
hypertension, as observed in our study with median

anthropometric parameters were not
measurements. Schommer et al. (2014) also reported an
association of waist circumference with hypertension in 10-
to 18-year-old adolescents (Cassani et al., 2009; Schommer
et al.,, 2014).

When hypertensive patients based on ABPM were
evaluated in our study regarding the presence of
hypertensive disorders of pregnancy, there was a significant
difference when these patients were asked about the presence

of gestational hypertension, women who reported gestational

10.3389/fphar.2022.992595

hypertension were hypertensive based on ABPM. However,
there was no relationship between the presence of self-
reported preeclampsia and hypertension measured by
ABPM. Metoki et al. (2022)
hypertensive and overweight pregnant women. In a review
article, Bello et al. (2018) recommend the use of ABPM in
pregnant women as a tool to guide the diagnosis and

recommend ABPM in

management of hypertensive disorders of pregnancy (Bello
et al., 2018; Metoki et al., 2022).

We also observed no significant differences in serum
cardiovascular markers such as LDL, HDL, C-reactive protein,
triglycerides or cholesterol between women with hypertension
measured by ABPM and non-hypertensive women, also in this
case the evaluation of cardiovascular markers was with average
values (Babkowski et al., 2021). Kidambi et al. (2020) reported
that, in African Americans, 24-h ABPM is a limited predictor
of CVD.

The pulse wave velocity measure is a measure of arterial
stiffness and there was no relationship with the detections of the
presence of hypertension in women, probably due to the low
mean age of women.

Our study has several strengths such as the assessment of
many different variables—from demographic variables such as
participants’ comorbidities and paternal and maternal
comorbidities of the participants to anthropometric and
serum dosage variables-to determine the presence of
hypertension measured by the ABPM. This study also
serves to reinforce the use of the ABPM to measure
hypertension in women aged close to 40 years to encourage
future research and cohorts to investigate hypertension in this
age group in women. However, among the limitations of the
study are that the women who underwent evaluation by
ABPM were relatively few (n = 281), that is, the acceptance
of the placement of the ABPM voluntarily by women was low,
with only 281 accepting to do this specific evaluation. Of the
total of 929 women who participated in the cohort. Another
limitation is that these women were evaluated at a relatively
(38-39 years) for the

young age development  of

TABLE 6 Evaluation of the presence of hypertension (ABPM) according to anthropometric measurements.

ABPM hypertension No

Median 25% 75%
Waist circumference 87.0 79.0 98.0
Neck circumference 35.0 33.0 37.0
Weight 71.8 62.4 87.2
Height 162.0 158.0 166.0
BMI 27.6 24.0 33.2
Waist-height ratio 0.54 0.49 0.61

Data expressed as median and percentile (25%-75%). Mann-Whitney test.

Frontiers in Pharmacology

Yes Mann-whitney
Median 25% 75% Sig

93.0 85.0 107.0 0.113

35.8 34.0 38.0 0.094

77.1 65.5 97.3 0361

160.8 157.0 166.0 0.756

29.1 26.0 333 0.340

0.54 0.53 0.69 0.112

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.992595

Brandéo et al.

10.3389/fphar.2022.992595

TABLE 7 Evaluation of the presence of hypertension (ABPM) according to serum levels of cardiovascular disease markers.

ABPM hypertension No

Median 25% 75%
Triglycerides 108.0 76.0 153.0
Cholesterol 174.5 152.0 197.0
LDL 100.0 82.0 123.5
HDL 46.9 40.2 55.1
Creatinine 0.80 0.71 0.88
Glucose 88.0 79.0 97.0
C-reactive protein 0.31 0.12 0.66
Homocysteine 7.7 6.8 9.3
Basal insulin 272 14.7 53.0
Glycated hemoglobin 53 5.0 5.6
PWV @ 7.0 6.2 7.8

Yes Mann-whitney
Median 25% 75% Sig
150.5 98.0 197.0 0.100
195.5 161.0 212.0 0.221
103.5 85.0 133.0 0710
464 38.2 61.1 0.752
0.84 0.69 0.93 0.632
85.4 77.0 100.1 0.649
0.40 021 0.55 0.389
7.7 65 9.3 0.806
33.6 29.0 43.0 0519
53 5.1 5.4 0.935
7.9 6.6 8.5 0.130

(a) Pulse wave velocity; Data expressed as median and percentile (25%-75%). Mann-Whitney test.

cardiovascular diseases, it is consolidated in the literature that
cardiovascular diseases, including hypertension, appear more
frequently in older age groups, more specifically over 50 and
over 60 years.

Conclusion

We conclude that ethnicity, self-reported hypertension, and
the presence of hypertension during pregnancy are associated
with arterial hypertension measured by ABPM. We did not find
this association for the other parameters analyzed in part because
the women analyzed in the study were aged 39-39 years.
However, the identification of risk factors in women by
ABPM is important for preventing future CVD, reducing
morbidity and mortality and improving quality of life and
longevity.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by The Ethics Committee of the University Hospital of
the Ribeirdo Preto Medical School approved this study under
protocol 45485915.7.0000.5440. The patients/
participants provided their written informed consent to

number

participate in this study.

Frontiers in Pharmacology

09

Author contributions

TB-Project administration, data curation, formal analysis,
writing—original draft, writing—review and editing. EV-project
administration, data curation, formal analysis, writing—original
draft, writing—review and editing. RL-writing—original draft,
writing—review  and

editing.  ED-writing—original  draft,

writing—review  and  editing.  VS-writing—original  draft,
writing—review and editing. RC-project administration, data
curation, formal analysis, writing—original draft, writing—review

and editing.

Funding

Funding sources: FAPESP, Cnpq, CAPES, FAEPA.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.992595

Brandéo et al.

References

Barbieri, M. A., Bettiol, H., Silva, A. A. M., Cardoso, V. C., Simdes, V. M. E.,
Gutierrez, M. R. P., et al. (2006). Health in early adulthood: The contribution of the
1978/79 Ribeirdo Preto birth cohort. Braz. J. Med. Biol. Res. 39, 1041-1055. doi:10.
1590/S0100-879X2006000800007

Bello, N. A,, Miller, E., Cleary, K., Wapner, R., Shimbo, D., and Tita, A. T. (2018).
Out of office blood pressure measurement in pregnancy and the postpartum period.
Curr. Hypertens. Rep. 20, 101. doi:10.1007/s11906-018-0901-z

Brandstetter, S., Toncheva, A. A., Niggel, J., Wolff, C., Gran, S., Seelbach-Gobel,
B., et al. (2019). KUNO-kids birth cohort study: Rationale, design, and cohort
description. Mol. Cell. Pediatr. 6, 1. doi:10.1186/s40348-018-0088-z

Brant, L. C. C,, Nascimento, B. R., Veloso, G. A., Gomes, C. S., Polanczyk, C., de
Oliveira, G. M. M., et al. (2022). Burden of cardiovascular diseases attributable to
risk factors in Brazil: Data from the “global burden of disease 2019 study. Rev. Soc.
Bras. Med. Trop. 55, €0263. doi:10.1590/0037-8682-0263-2021

Camafort-Babkowski, M., Adeseye, A., Coca, A., Damasceno, A., de Simone, G.,
Dorobantu, M., et al. (2021). The global ambulatory blood pressure monitoring
(ABPM) in heart failure with preserved ejection fraction (HFpEF) registry.
Rationale, design and objectives. J. Hum. Hypertens. 35, 1029-1037. doi:10.1038/
541371-020-00446-8

Carey, R. M., Muntner, P., Bosworth, H. B., and Whelton, P. K. (2018). Prevention
and control of hypertension: JACC health promotion series. J. Am. Coll. Cardiol. 72,
1278-1293. doi:10.1016/j.jacc.2018.07.008

Cassani, R. S. L., Nobre, F., Pazin-Filho, A., and Schmidt, A. (2009). Relationship
between blood pressure and anthropometry in a cohort of brazilian men: A cross-
sectional study. Am. J. Hypertens. 22, 980-984. doi:10.1038/ajh.2009.104

de Siqueira Valadares, L. T., de Souza, L. S. B., Salgado Junior, V. A., de Freitas
Bonomo, L., de Macedo, L. R., and Silva, M. (2022). Prevalence of metabolic
syndrome in Brazilian adults in the last 10 years: A systematic review and meta-
analysis. BMC Public Health 22, 327. doi:10.1186/s12889-022-12753-5

de Souza, M. P., Lopes, P. C,, Bazo, G., Rocha, P. R. H., Lorencini, D. A., Bettiol,
H., et al. (2022). Hypertension defined by the 2017 ACC/AHA guideline is more
accurate than 2018 ESC/ESH for detecting early vascular aging in young adults.
Med. (United States) 101, E28841. doi:10.1097/MD.0000000000028841

Fahed, G., Aoun, L., Zerdan, M. B, Allam, S., Zerdan, M. B., Bouferraa, Y., et al.
(2022). Metabolic syndrome: Updates on pathophysiology and management in
2021. Int. ]. Mol. Sci. 23, 786. doi:10.3390/ijms23020786

Flynn, J. T., Urbina, E. M., Brady, T. M., Baker-Smith, C., Daniels, S. R,, Hayman,
L. L, et al. (2022). Ambulatory blood pressure monitoring in children and
adolescents: 2022 update: A scientific statement from the American heart
association. Hypertension 79, el14-el124. doi:10.1161/HYP.0000000000000215

Honigberg, M. C., and Natarajan, P. (2020). Women’s cardiovascular health after
hypertensive pregnancy: The long view from labor and delivery becomes clearer.
J. Am. Coll. Cardiol. 75, 2335-2337. doi:10.1016/j.jacc.2020.01.064

Hurrell, A., Webster, L., Chappell, L. C., and Shennan, A. H. (2022). The
assessment of blood pressure in pregnant women: Pitfalls and novel approaches.
Am. ]. Obstet. Gynecol. 226, S804-S818. doi:10.1016/j.2j0g.2020.10.026

Jardim, T. V., Rosner, B., Bloch, K. V., Kuschnir, M. C. C., Szklo, M., and Jardim,
P. C. V. (2020). Blood pressure reference values for Brazilian adolescents: Data from
the study of cardiovascular risk in adolescents (ERICA study). J. Pediatr. 96,
168-176. doi:10.1016/j.jped.2018.09.003

Jiang, Z., Sun, T., He, Y., Gou, W., Zuo, L., Shi, Y, et al. (2020). Dietary fruit and
vegetable intake, gut microbiota, and type 2 diabetes: Results from two large human
cohort studies. BMC Med. 18, 371. doi:10.1186/512916-020-01842-0

Kidambi, S., Wang, T., Chelius, T., Nunuk, I, Agarwal, P., Laud, P., et al. (2020).
Twenty-four-hour versus clinic blood pressure levels as predictors of long-term

cardiovascular and renal disease outcomes among African Americans. Sci. Rep. 10,
11685. doi:10.1038/541598-020-68466-5

Frontiers in Pharmacology

10

10.3389/fphar.2022.992595

Levine, G. N., Al-Khatib, S. M., Beckman, J. A., Birtcher, K. K., Bozkurt, B.,
Brindis, R. G., et al. (2018). 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and
management of high blood pressure in adults: A report of the American college of
cardiology/American heart association task force on clinical practice guidelines.
Hypertension 71, 13-115. doi:10.1161/HYP.0000000000000065

Malta, D. C., Gongalves, R. P. F., Machado, I. E., Freitas, M. I. de F., Azeredo, C.,
and Szwarcwald, C. L. (2018). Prevalence of arterial hypertension according to
different diagnostic criteria, National Health Survey. Rev. Bras. Epidemiol. 21,
€180021. doi:10.1590/1980-549720180021.supl.1

Marques, A. P, Szwarcwald, C. L., de Souza-Junior, P. R. B., Malta, D. C,,
and Montilla, D. E. R. (2019). Prevalence of arterial hypertension in Brazilian
adults and its associated factors and activity limitations: A cross-sectional
study. Sao Paulo Med. ]. 137, 312-321. doi:10.1590/1516-3180.2018.
0251220719

Mendes, P. M., Nobre, A. A, Griep, R. H., Guimaraes, ]. M. N,, Juvanhol, L. L.,
Barreto, S. M., et al. (2018). Association between perceived racial discrimination and
hypertension: Findings from the ELSA-Brasil study. Cad. Saude Publica 34,
€00050317. doi:10.1590/0102-311X00050317

Metoki, H., Iwama, N., Hamada, H., Satoh, M., Murakami, T., Ishikuro, M., et al.
(2022). Hypertensive disorders of pregnancy: Definition, management, and out-of-
office blood pressure measurement. Hypertens. Res. 45, 1298-1309. doi:10.1038/
541440-022-00965-6

Mills, K. T., Stefanescu, A., and He, J. (2020). The global epidemiology of
hypertension. Nat. Rev. Nephrol. 16, 223-237. doi:10.1038/s41581-019-0244-2

Oliveira, L. V. A., dos Santos, B. N. S., Machado, I. E., Malta, D. C., Velasquez-
Melendez, G., and Felisbino-Mendes, M. S. (2020). Prevalence of the metabolic
syndrome and its components in the Brazilian adult population. Cien. Saude Colet.
25, 4269-4280. doi:10.1590/1413-812320202511.31202020

Paula, D. P., Lopes, L. J., Mill, J. G., Fonseca, M. J. M., and Griep, R. H. (2020).
Identifying patterns of diurnal blood pressure variation among ELSA-Brasil
participants. J. Clin. Hypertens. 22, 2315-2324. doi:10.1111/jch.14066

Rana, S., Lemoine, E., Granger, J., and Karumanchi, S. A. (2019). Preeclampsia:
Pathophysiology, challenges, and perspectives. Circ. Res. 124, 1094-1112. doi:10.
1161/CIRCRESAHA.118.313276

Ribeiro, A. L. P., Duncan, B. B,, Brant, L. C. C,, Lotufo, P. A., Mill, J. G., and
Barreto, S. M. (2016). Cardiovascular health in Brazil trends and perspectives.
Circulation 133, 422-433. doi:10.1161/CIRCULATIONAHA.114.008727

Schommer, V. A., Barbiero, S. M., Cesa, C. C., Oliveira, R., Silva, A. D., and
Pellanda, L. C. (2014). Excess weight, anthropometric variables and blood pressure
in schoolchildren aged 10 to 18 years. Arq. Bras. Cardiol. 102, 312-318. doi:10.5935/
abc.20140038

Unger, T., Borghi, C., Charchar, F., Khan, N. A,, Poulter, N. R,, Prabhakaran, D.,
etal. (2020). 2020 international society of hypertension global hypertension practice
guidelines. Hypertension 75, 1334-1357. doi:10.1161/HYPERTENSIONAHA.120.
15026

Whelton, P. K., Carey, R. M., Aronow, W. S, Carey, D. E., Jr, Collins, K. J.,
Himmelfarb, C. D., et al. (2018). 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA  guideline for the prevention, detection,
evaluation, and management of high blood pressure in adults: A report of the
American college of cardiology/American heart association task force on clinical
practice guidelines. J. Am. Coll. Cardiol. 71, e127-e248. doi:10.1016/j.jacc.2017.
11.006

Zhou, B., Carrillo-Larco, R. M., Danaei, G., Riley, L. M., Paciorek, C.J., Stevens, G.
A., et al. (2021). Worldwide trends in hypertension prevalence and progress in
treatment and control from 1990 to 2019: A pooled analysis of 1201 population-
representative studies with 104 million participants. Lancet 398, 957-980. doi:10.
1016/S0140-6736(21)01330-1

frontiersin.org


https://doi.org/10.1590/S0100-879X2006000800007
https://doi.org/10.1590/S0100-879X2006000800007
https://doi.org/10.1007/s11906-018-0901-z
https://doi.org/10.1186/s40348-018-0088-z
https://doi.org/10.1590/0037-8682-0263-2021
https://doi.org/10.1038/s41371-020-00446-8
https://doi.org/10.1038/s41371-020-00446-8
https://doi.org/10.1016/j.jacc.2018.07.008
https://doi.org/10.1038/ajh.2009.104
https://doi.org/10.1186/s12889-022-12753-5
https://doi.org/10.1097/MD.0000000000028841
https://doi.org/10.3390/ijms23020786
https://doi.org/10.1161/HYP.0000000000000215
https://doi.org/10.1016/j.jacc.2020.01.064
https://doi.org/10.1016/j.ajog.2020.10.026
https://doi.org/10.1016/j.jped.2018.09.003
https://doi.org/10.1186/s12916-020-01842-0
https://doi.org/10.1038/s41598-020-68466-5
https://doi.org/10.1161/HYP.0000000000000065
https://doi.org/10.1590/1980-549720180021.supl.1
https://doi.org/10.1590/1516-3180.2018.0251220719
https://doi.org/10.1590/1516-3180.2018.0251220719
https://doi.org/10.1590/0102-311X00050317
https://doi.org/10.1038/s41440-022-00965-6
https://doi.org/10.1038/s41440-022-00965-6
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.1590/1413-812320202511.31202020
https://doi.org/10.1111/jch.14066
https://doi.org/10.1161/CIRCRESAHA.118.313276
https://doi.org/10.1161/CIRCRESAHA.118.313276
https://doi.org/10.1161/CIRCULATIONAHA.114.008727
https://doi.org/10.5935/abc.20140038
https://doi.org/10.5935/abc.20140038
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.1016/S0140-6736(21)01330-1
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.992595

	Assessment by ABPM verified the presence of hypertension in patients with self-reported hypertension, pregnant women, as we ...
	Introduction
	Materials and methods
	Study design
	Evaluation of anthropometric measurements
	Arterial stiffness assessment
	Blood and urine collection
	Questionnaire applied to women
	Blood pressure measurement by ambulatory blood pressure monitoring
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


