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Blood pressure variability in the elderly. Association between
postprandial and sleeping periods
Variabilidade da Pressão Arterial no Idoso. Associação entre os
períodos pós prandial e sono
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Abstract

Resumo

Fernando Abrão Garcia 1

Introduction: The variability of arterial
blood pressure (BP) is considered an
important cardiovascular risk factor.
Objective: To verify the possible
associations between the postprandial and
the sleeping blood pressure variability.
Methods: This study evaluated systolic,
diastolic, mean, pulse pressures and
heart variability in 69 elderly patients in
preprandial, postprandial and sleeping
periods. One 24 hours ambulatory
blood pressure monitoring was used
for measurements and the results were
showed in the time-rate index. Results:
We observed a decrease in the systolic
blood pressure values from preprandial to
postprandial and to the sleeping periods
(124.7 ± 14.6, 113.2 ± 15.3 and 108.5
± 13.9mmHg, respectively; p = 0.003).
Associations between BP variability of
the postprandial and sleeping periods
were obtained for systolic, diastolic and
mean arterial pressure. Conclusion: The
correlation between postprandial and
sleeping BP variability has rarely been
demonstrated in the literature. These
correlations between BP changes after
eating and during sleep might suggest that
both events could coexist in other clinical
situations.

Introdução: A variabilidade da Pressão
Arterial Sistêmica (PAS) é considerada
um importante fator de risco cardio
vascular. Objetivo: Verificar as possíveis
associações entre as variabilidades
pressóricas nos períodos pós prandial e
durante o sono. Métodos: A variabilidade
das pressões sistólica, diastólica, média,
de pulso e frequência cardíaca foram
avaliadas em 69 pacientes idosos nos
períodos pós prandial e durante o sono. A
Monitorização Ambulatorial da Pressão
Arterial de 24 horas foi usada para o cálculo
da variabilidade pressórica e os resultados
apresentados no índice frequência tempo.
Resultados: Observamosuma redução
nos níveis sistólicos pos prandiais em
relação ao período pre prandial e durante
o sono (124.7 ± 14.6, 113.2 ± 15.3 e
108.5 ± 13.9mmHg, respectivamente; p
= 0.003). A associação das variabilidade
das pressões sistólicas, diastólicas e
média foram confirmadas (p < 0.005)
entre osperíodos avaliados. Conclusão:
A correlação entre as variabilidades da
pressão arterial apos as refeições e o
sono tem sido pouco demonstrada na
literatura. Estas relações podem sugerir
que ambos os eventos podem coexistir em
outras situações clínicas.
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Introduction

especially among elderly patients.4 The
greater BPV in elderly people could be
caused by impaired arterial baroreflex
control, which in turn could be related to
arterial stiffness.5
Postprandial hypotension has a
significant prevalence among the elderly6,7
but is poorly investigated in clinical
practice, and its pathophysiological aspects
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Blood pressure (BP) varies continuously
over a 24-hour period due to neurohumoral,
behavioral and environmental factors.1,2
This variation increases with aging, and it
is more prevalent in hypertensive patients
than in normotensive individuals.3 Blood
pressure variability (BPV) is associated
with increased mortality and morbidity,
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are still not entirely clear.6-10 Studies separately have
shown that postprandial and sleeping blood pressure
changes may be correlated with cardiovascular events
in the elderly.4,8-13 The variability of postprandial
blood pressure relates to the variability of sleeping
blood pressure. This present study aims to verify
the possible association between postprandial and
sleeping BPV in the elderly.

Methods
Patients
This observational and cross-sectional study was
conducted in a private cardiology center in Uberlândia,
Minas Gerais, Brazil from January 2012 to November
2013. One twenty-four-hour ambulatory blood
pressure monitoring (ABPM) was performed on 455
patients and was conducted within well-established
guidelines.14-16 One hundred seven patients ≥ 60 years
old were subjected to the following exclusion criteria:
diabetes mellitus (n = 11), Parkinson’s disease (n = 1),
poor-quality ABPM (n = 16) and non-completion of
informed consent (n = 10). Sixty-nine patients were
included in the study. The clinical and anthropometric
data were collected. The study was performed at
the Federal University of Uberlândia, Minas Gerais,
Brasil and was approved by its Ethics Committee for
Research Involving Human-Beings.

Ambulatory blood pressure monitoring
The ABPM was performed using Mobil-O-Graph®
NG (Stolberg, Germany)17 installed on the nondominant upper limb; if there was a difference in
systolic BP greater than ten mmHg between limbs, the
device was then placed on the arm with the highest
pressure value. Immediately after its installation, two
consecutive measurements were performed to verify
its correct functioning. Blood pressure measurements
were determined every 20 minutes for 24 hours.18 The
patients received an explanation of how to complete
two diaries correctly: in the first; they were asked to
describe the symptoms presented during ABPM, the
sleep quality evaluation and any medications used
over the 24-hour period; the second diary was for
recording all food eaten over the 24-hour period.

Protocol design
The study was separated into three periods: preprandial (PreP), postprandial (PostP) and sleeping (S).

The PreP period was considered to be the two hour
period before lunch, the PostP period to be the two
hour period immediately after the end of the meal and
the S period was considered to be the time interval
between bedtime and waking, as noted by the patient.
Arbitrarily, PreP and PostP were subdivided into six
intervals of 20 minutes, and S was divided into six
80-minute intervals. The antihypertensive drugs being
used were not previously removed for study.
The mean values for systolic, diastolic and pulse
pressures (SBP, DBP, and PP; respectively) and the
mean arterial blood pressure (MAP) were expressed
in mmHg. Heart rate (HR) values were expressed in
bpm. For the systemic blood pressure measurements
were used appropriate cuffs to the size and arm
circumference. For diagnosis of postural hypotension,
the determination of PAS was performed with the
patient in a sitting and standing positions. This
procedure was carried in the doctor’s office before
placing the ABPM device.

ABPM during lunch
ABPM measurements were excluded during lunch
to avoid postural and upper-limb movement
interferences. The time from the beginning and the
end of the lunch were recorded in minutes in the food
diaries, as well as the amounts and kinds of ingested
food.

ABPM data analysis
By from ABPM results, BPV was defined as the
within-patient standard deviation for all SBP, DBP,
MAP and PP recording during two hours before and
after lunching and eight hours for sleeping period.
The time rate of all the blood pressure variations was
defined as the first derivative of SBP, DBP, MAP and
PP against time. Given N recordings od systemic blood
pressures during the studied periods we can compute
N-1 values for the rate of BP variation at N-1 different
time indices.19 HRV was defined as the within-subject
SD of mean HR during each measurement period.
The BPV indexes were calculated for all pressures:
systolic (SBPi), diastolic (DBPi), pulse (PPi) mean
(MAPi) and heart rate (HRi)]. The BPV indexes were
expressed in mmHg/min. The average values for the
BPVi and HRVi were calculated for the each period.
The blood pressure variability index was calculated
using the formula:19
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R = r = / N - 1 ri
i-1
N-1
where:
s: sum
r: the blood pressure variation rate over time
N: the number of measurements.
R:The time-rate index is defined as the first
derivative of the blood pressure at the time (i),
reports on blood pressure oscillations in consecutive
measurements.

Ingested calories
All the information regarding the amount of ingested
macronutrients, such as proteins (g), lipids (g),
carbohydrates (g) and total kilocalories was obtained
from the diaries. To calculate the number of calories
ingested at lunch was used the Dietpro software
5.5i (nutritional assessment and dietary prescription
software 2000-2011, Federal University of Viçosa,
Minas Gerais, Brazil).

Statistical analysis
The sample size was calculated considering a
power of 80% to detect a difference of 70% for the
alterations of the sleeping blood pressure and 30%
for the postprandial blood pressure variations, p <
0.05 and CI 95%, resulting in a minimum sample size
of 65 patients. Quantitative variables are described
as means, medians, minima, maxima and standard
deviations (SD). Frequencies and percentages were
given for qualitative variables.
Single or multiple linear regression models were used
to evaluate the associations between the continuous
variables, and the Pearson coefficient was used to assess
the associations between the quantitative variables. The
Student’s t- test was used to compare the two groups of
quantitative independent variables. Analysis of variance
for a repeated measure models (ANOVA) was used. In
cases of rejection of the mean equality hypothesis over
the three periods, the Least Significant Difference (LSD)
test was used to compare pairs. Comparative analyses
of the PostP variation rate and the S variation rate were
performed for all variables. SPSS Statistics software
version 20.0 (IBM Corp. Armonk, NY, USA) was used
for the statistical analyses and p values of < 0.05 were
considered significant.
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Results
The clinical characteristics of the patients are
in Table 1. Fifty-nine of sixty-nine patients had
diagnoses of hypertension. They had been treated
with antihypertensive drugs but did not have postural
hypotension. The comparison between the means of
SBP, DBP, PP, MAP and HR in the PreP, the PostP and
the S periods are presented in Table 2. The highest
SBP (maxSBP) value during the PreP period was
also compared with the lowest SBP (minSBP) value
in the PostP period, and the averages were 137.6 ±
16.3 vs. 102.7 ± 15.3 mmHg, respectively; p < .001.
Comparisons between the blood pressure variability
rates in the PreP, the PostP and the S periods are
presented in Table 3. The blood pressure variability
correlations between the PostP and the S periods were:
for SBPVi, (r = 0.27, p = 0.124; CI: -0.000-0.109);
DBPVi (r = 0.35, p = .005; CI: 0.017 -0.112), MAPVi
(r = 0.27, p = .034; CI: 0.042-0.150); and PPVi (r =
0.20, p = .128 CI: 0.017-0.112). Figure 1 shows the
SBPVi, MAPVi and DBPVi correlations.

Multivariate analysis
Gender (male) was significantly associated with DBP,
MAP and PP PostP (p < .001, p = .002 and p = .025;
respectively). Age was significantly associated with PP
PostP (p = 0.01), and race (non black) was significantly associated with MAP PostP (p = .005).

Correlations
postprandial

between

food

intake

and

BPV and HRV

There was no correlation between calories intake and
levels of BPV and HRV in the PreP and the PostP
periods (p > 0.05).

Discussion
Many authors described the reductions in arterial
blood pressure levels in the elderly after eating.6,20,21
In our study, the average of all SBPs measured from
the preP to the postP periods decreased more than
10 mmHg; p < 0.001, however, if we compare the
maximum values of SBP in the PreP period and the
minimum values of SBP in the PostP period, the
observed reduction was greater than 20 mmHg. It is
important to note that the decreases in SBP did not
happen subtly and that the patients did not have the
arterial hypotension symptoms related in their diaries
such as falls, dizziness or fainting.
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Table 1	Clinical characteristics of patients
Variable

N = 69

Age (years)

69.7 ± 7.6

Body Mass Index (Kg/m2)

26.4 ± 4.4

Gender (M/F)%

39.1/60.9

Quality of sleep (%)
Good

33.3

Regular

53.6

Bad

13.1

maxSBP prep (mmHg)

137.6 ± 16.3

minSBP postP (mmHg)

102.7 ± 15.3

Risk factors and comorbidities (%).

85.5

Hypertension

53.6

Snoring

50.7

Dyslipidemia

21.7

Arthrosis

17.4

Thyroid disease

5.8

Smoking

44.9

Others

50.7

Antihypertensive medications (%).

47.8

Angiotensin receptor blocker

27.5

Thiazide diuretic

26.1

Beta-blocker

23.2

Calcium channel blocker

4.3

Inhibitor of angiotensin converting
enzyme
Others
maxSBP = maximum Systolic Blood Pressure in preprandial period;
minSBP = minimum Systolic Blood Pressure in postprandial period.

Besides this, postprandial hypotension has been
linked to cardiovascular events. For example, Zanasi
et al.8 also found a high prevalence of postprandial
hypotension in the elderly, and it was a predictor
of cardiovascular mortality; Tabara et al.4 showed
that a decline in postprandial BP could be a new risk
marker for the occurrence of cerebral asymptomatic
lacunar infarcts. On the other hand, the reduction in
HR in sleep period to the postprandial period can be
attributed to a greater reduction in nervous system
activity during the sleep period.
Our data also revealed that the SBPVi, the DBPVi
and the MAPVi did not change from the PreP to PostP
period (p > 0.05) (Table 3) a similar oscillation pattern
in the PreP and the PostP periods in elderly patients.
Although it was unlikely, the PPVi manifested a
reduction in the PostP period when compared with
that of the PreP period, perhaps because the PP
oscillation intensity was more directly linked to
the thickening of the arterial vessel wall and was,
therefore, less intense in response to modifications
of blood pressure after meals.8 Some authors related,
within a broader context, that not only a significant
absolute reduction in the blood pressures levels after
meals but also postprandial pressure oscillation could
reflect an increased cardiovascular risk.4
We observed a decreased of 20% in the SBP levels
during S period in relation to the PreP period, and a
10% reduction in relation to the PostP period. Our

Table 2	Blood pressure and heart rate values in preprandial, postprandial and sleep periods
Variable

N

Mean

Median

Minimum

Maximum

SD

SBP PRE
SPB POS

69

124.7

124.0

93.5

155.8

14.6

69

113.2*

111.8

76.8

150.3

15.3

SPB Sleep

69

108.5**

106.8

85.5

150.8

13.9

DPB PRE

69

72.8

73.3

46.8

97.3

12.8

DPB POS

69

66.5*

66.5

43.6

95.3

11.2

DPB Sleep

69

61.3**

60.3

41.7

95.2

10.8

MAP PRE

69

94.4

95.0

65.5

122.2

12.4

MAP POS

69

86.2*

86.0

58.0

118.7

11.9

MAP Sleep

69

81.2**

79.2

61.7

118.3

11.6

PP PRE

69

51.9

52.2

27.8

90.7

11.7

PP POS

69

46.7

44.0

29.7

73.0

10.8

PP Sleep

69

47.2**

45.3

33.7

70.8

8.3

HR PRE

69

73.8

74.0

43.8

109.0

13.1

HR POS

69

74.5

74.8

45.7

101.8

13.2

HR Sleep

69

62.3**

60.8

42.3

81.7

9.2

p value

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

*: post vs. pre; ** post vs. S; SBP: systolic blood pressure; DPB: diastolic blood pressure; MAP: mean arterial pressure; PP: pulse pressure; HR:
heart rate; SD: Standard deviation; PRE: preprandial; POS: postprandial. BP: mmHg and HR bpm.
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Table 3	Blood pressure variation index and heart rate in preprandial, postprandial and sleep periods
Variable

n

Mean

Median

Minimum

Maximum

SD

SBP PRE

69

0.51

0.43

0.09

1.94

0.30

SPB POS

69

0.43*

0.37

0.06

1.27

0.27

SPB Sleep

69

0.10**

0.09

0.02

0.31

0.05

DPB PRE

69

0.40

0.35

0.06

1.35

0.27

DPB POS

69

0.36*

0.30

0.07

1.39

0.25

DPB Sleep

69

0.09**

0.08

0.01

0.25

0.05

MAP PRE

69

0.37

0.30

0.11

1.48

0.24

MAP POS

69

0.34*

0.29

0.08

1.19

0.21

MAP Sleep

69

0.08**

0.08

0.02

0.27

0.05

PP PRE

69

0.58

0.50

0.07

1.44

0.32

PP POS

69

0.43

0.34

0.12

1.50

0.28

PP Sleep

69

0.07**

0.06

0.02

0.14

0.03

HR PRE

69

0.29

0.26

0.04

1.21

0.19

HR POS

69

0.26

0.20

0.06

0.81

0.16

HR Sleep

69

0.04*

0.03

0.01

0.11

0.02

p value

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

*: post vs. pre; ** post vs. S; SBP: systolic blood pressure; DPB: diastolic blood pressure; MAP: mean arterial pressure; PP: pulse pressure; HR:
heart rate; SD: Standard deviation; PRE: preprandial; POS: postprandial. BP: mmH/min and HR: bpm.min.min.
Figure 1. Correlation between sleep and postprandial variation indexes
for systemic arterial blood pressure. SBP: Systolic Blood Pressure; Δ
MAP: Mean Arterial Pressure, Δ DBP: Diastolic Blood Pressure.

results are consistent with the data published by Brien
et al.22 in a meta-analysis involving hypertensive
patients. Those authors also found the same
percentage reductions in SBP levels during the sleep
period and the diurnal period.
At the same time, a positive and significant BPVi
correlation between the PostP and the S periods was
found for almost all pressures, especially as regards the
MAPVi (Figure 1). This correlation was not found for
PPVi showing that PP oscillation has different behaviors
after eating and sleeping and that PPVi and PP are not
linked each other. The male gender was associated
with the SBP, DBP and MAP variations in PosP and the
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exception was the PP that was associated with female
gender and age of patients. It is known that PP increases
progressively with aging and it is an indicator of the
stiffness of the great arterial vessels. The correlation
between the postmenopausal women and arterial
stiffness is described in the medical literature, and Go
et al.23 have shown that elderly postmenopausal women
have higher blood pressure levels than males in the same
age. The rigidity of the elderly vessels could induce the
PPVi to respond differently to different physiologic
stimuli. The multivariate analyses indicated that the PP
was associated with age (p < 0.01).
The associations obtained in our study were
previously detected by Kohara et al.24 in the elderly
patients. These authors found reductions in SBP not
only after meals but also at night; however, these
authors had not studied blood pressure variability
and had not correlated postprandial levels of blood
pressure with night levels of blood pressure.
On the other hand, Fagard et al.25 reported in a
meta-analysis that the absence of sleeping pressuredipping was an independent predictor of mortality
and cardiovascular events in elderly hypertensive
patients. Because of the correlations found in our
study, it is possible to say that in pressure-dipping or
non-dipping patients, the arterial blood pressure after
eating could be following the same behavior.
The present data may help to answer questions
posed recently,13 in which the authors asked whether
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postprandial hypotension was related to sleeping
BP behavior. The results demonstrated the presence
of this association, for the first time, using BPVi by
ABPM for 24 hours (Figure 1). The BPV was also
evaluated using different methods.5,19,26-28 However,
the vast majority of studies referred to BP changes
in the postprandial and the sleeping periods, and
although these changes were analyzed separately, no
associations were defined.8,24,29
The correlation between postprandial and sleeping BP
variability has rarely been demonstrated in the literature.
These correlations between changes after eating and
changes in sleep might suggest that both events could exist
together and be predictors of cardiovascular mortality.
Our data demonstrate the presence of this association.
However, other studies should be conducted
to confirm the existence of this association as a
cardiovascular event marker. The postprandial
hypotension as well as the arterial hypotension during
sleep, in so-called hyper dippers patients, could
increase the RCV, showing that the postprandial
hypotension and the hypotension during the sleep
are not contradictory in determining the CVR.10 The
reduction of blood pressure levels after eating is a
variable that can be modified with the ingestion of
different kinds of meals.30 The use of antihypertensive
drugs as well as the ABPM data collected in doctor’s
office database and not specific to this research can be
considered limitations of this study.
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