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Abstract

Recent studies have revealed 2 peaks in the onset of cardiovascular events, 1 in the
morning and another in the evening. We evaluated whether blood pressure (BP)
also rises in the morning/evening and identified the determinants of evening BP rise
using 24-hour ambulatory BP monitoring for 7 consecutive days. We identified 2 BP
peaks, 1 in the morning (0-3 hours after waking) and 1 in the evening (9-12 hours
after waking). Subjects were subclassified according to the extent of evening BP rise:
those in the top quartile (26.45 mm Hg, n = 34; ER group) vs all others. After adjust-
ment for age, sex, and 24-hour systolic BP, evening BP rise was associated with the
use of antihypertensive medications [odds ratio (OR), 3.57; 95% confidence interval
(Cl), 1.46-8.74; P = .01] and estimated glomerular filtration rate (OR, 0.96; 95% ClI,
0.93-0.99; P = .04), confirming its association with antihypertensive medication use

and renal dysfunction.

1 | INTRODUCTION

Previous studies have reported a high incidence of acute cardiovas-
cular events in the morning.® The reasons for the high incidence of
acute cardiovascular events during the morning have been widely
discussed.”*® An abrupt and dramatic surge in blood pressure (BP)
on waking has been suggested as an important trigger of cardiovas-
cular events.”® We previously reported that the occurrence of acute
myocardial infarction showed 2 peaks, 1 in the morning and another
in the evening.!! Some epidemiological studies also have revealed
an increase in acute cardiovascular in the evening,2’5"5'“’14 but little
attention has been paid to BP variation in the evening.

Twenty-four-hour ambulatory BP monitoring (ABPM) is useful in
evaluating circadian BP variations,'® but some limitations have been
demonstrated.’®*® Previous studies indicated that ABPM for just
24 hours might be insufficient for a proper diagnosis of hyperten-
sion.)” The pressor effect due to wearing an ABPM device for the
first time increases BP for the first 6 to 8 hours of monitoring. This
“ABPM effect” may mask the second BP rise in the evening. We hy-
pothesized that 24- hour ABPM over several days could enable the
detection of detailed circadian BP variations using a time averaging
method.

In addition, the brachial-ankle pulse wave velocity (baPWV)
measurements were also performed. The baPWYV is a marker related
to the severity of atherosclerosis.*’

In this study, we examined whether BP might also increase in
the evening and whether the evening rise in BP might be associated
with risk factors for cardiovascular disease using 24-hour ABPM for

7 consecutive days.

2 | METHODS

2.1 | Subjects

A total of 140 subjects were initially recruited for this study. All sub-
jects were residents of a rural Japanese town who had participated
in free health screening, counseling, and educational services of-
fered by the town office. We obtained their medical history, includ-
ing use of medications, and the latest laboratory data. Subjects with
definite neurological diseases, such as Parkinson disease and stroke,
and those who were too severely ill to stand without help, were ex-
cluded from the study.

Subjects were also asked about their lifestyle, such as smoking

status, habitual alcohol drinking, and daily siesta habits. Smokers
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were defined as active smokers at the time of the study. Habitual
drinkers were defined as moderate or heavy drinkers. This study was
approved by the Medical Ethics Committee of the Tokyo Women's
Medical University as Clinical Study #2912, titled “Health assess-
ment of community-dwelling elderly in Japan”. All subjects provided
written informed consent.

2.2 | Twenty-four-hour ABPM for seven
consecutive days

Noninvasive ABPM was performed using an oscillometric moni-
tor (TM-2431, A & D Co.) to record systolic BP (SBP), diastolic BP
(DBP), and heart rate. The recorder was programmed to take read-
ings at 30-minute intervals between 07:00 and 22:00 and at 60-min
intervals between 22:00 and 07:00 for 7 consecutive days. At the
town office, all subjects were fitted with a recorder and asked to
revisit the office 7 days later. Subjects were taught how to attach
and remove the recorder and were instructed to remove the re-
corder while taking a bath. Each time a reading was taken; subjects
were instructed to remain motionless and to then record their activ-
ity in a diary. Stored data were retrieved on a personal computer
using commercially available software for the oscillometric monitor
(TM-2430-15, A & D Co.). Data collected from 24-hour ABPM over 7
consecutive days were divided into 7 intervals. The first interval was
from the time of recorder fitting until the time of waking up the next
morning. The second to the seventh intervals were from the time of
getting out of bed until the time of waking up the next morning on
the consecutive days. To exclude the novelty effect of ABPM, BP
values for the first 2 hours after recorder fitting were not included
in the analysis. We calculated the average BP per unit of the time
for 7 days by the time averaging method (Figure 1). “Awake BP" was
defined as the mean of BP results obtained while the subject was

awake. “Asleep BP” was defined as the mean of BP results obtained

while the subject was asleep. If daily BP readings showed an error
of >25%, that day was excluded from analysis. Editing criteria of the
recordings were SBP levels between 70 and 250 mm Hg, DBP levels
between 30 and 130 mm Hg, and pulse pressure between 20 and
160 mm Hg.2°

2.3 | Pulse wave velocity

The brachial-ankle Pulse wave velocity (baPWV) was meas-
ured using a volume-plethysmographic apparatus (Form PWV/
ABI; Nippon Colin Co., Ltd.). This device can record the baPWV,
BP, electrocardiograms, and heart sounds simultaneously. The
methodology for baPWV measurement has been previously de-
scribed. In brief, subjects were examined while resting in the
supine position. Cuffs were wrapped around both upper arms and
ankles. The baPWYV values were calculated by measuring the time
for the pulse wave to travel between the brachial and posterior
tibial arteries.

2.4 | Laboratory measurements

The serum levels of total cholesterol, high-density lipoprotein cho-
lesterol, triglycerides, creatinine, and fasting plasma glucose were
measured enzymatically using blood samples obtained from the sub-
jects. The eGFR was calculated using the modification of diet in renal

disease equation?!:

eGFR=175xCRN"""** xage=02%% (x0.742 for women).

2.5 | Statistical analysis

Data were expressed as the mean = SD or percentage. Between-

group differences for continuous variables were assessed using
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unpaired t tests. Categorical data were tested using the chi-squared
test. Two-way analysis of variance was used to test for differences in
the results for each period, and Tukey's test was performed for mul-
tiple comparisons of the means for each period. Stepwise multivari-
ate logistic regression analyses were performed to calculate odds
ratio with 95% CI.

Differences with a P-value of <.05 were considered to be statis-
tically significant. All statistical analyses were performed using com-
mercially available statistical software (Ekuseru-Toukei 2015; Social

Survey Research Information Co. Ltd.).

3 | RESULTS

Seven subjects were excluded due to incomplete ABPM data. One
hundred and thirty-three subjects were eligible for this study. The
mean age of subjects was 57 + 10 years, and the proportion of men
was 45.4%. The average body mass index was 24.5 + 2.6 kg/m?. Of
the subjects, 37 (28.6%) were smokers, 79 (60.3%) were habitual
drinkers, and 42 (31.8%) were receiving antihypertensive medica-
tions. Most subjects were prescribed long-acting antihypertensive
drugs once a day after breakfast or twice a day after breakfast and
dinner. No subjects were prescribed only one short-acting antihy-
pertensive drug.

The waking time of this study population was 4:00 Am-8:00 Am
Figure 2 shows the circadian variation in the average SBP and DBP

every 1 hour after waking in the total study population. There were
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FIGURE 2 Circadian variations in SBP and DBP in the total
study population. DBP; diastolic blood pressure; SBP; systolic blood
pressure

2 peaks in BP. The first BP peak was observed in the early morning
(between 0 and 3 hours after waking), and the second BP peak was
observed in the early evening (between 9 and 12 hours after wak-
ing). Average BPs during the first 3 hours after waking were sig-
nificantly higher than those during the 3 hours just before waking
(SBP: 133.0 + 16.8 mm Hg vs 115.8 + 18.3 mm Hg, P < .01, and DBP:
82.0 £ 9.9 mm Hg vs 71.4 + 10.0 mm Hg, P < .01), and average BPs
between 9 and 12 hours after waking were significantly higher than
those between 6 and 9 hours after waking (SBP: 137.0 + 16.9 mm Hg
vs 133.8 + 16.6 mm Hg, P < .01, and DBP: 84.1 + 10.1 mm Hg vs
82.0 + 10.1 mm Hg, P < .01).

Prewaking morning BP surge was defined as the average
SBP during the first 3 hours after waking minus the average SBP
during the 3 hours just before waking. Subjects were subclassi-
fied according to the extent of the prewaking morning BP surge.
The cutoff value for identifying the top quartile of prewaking
morning BP surge was 22.3 mm Hg. Subjects were divided into 2
groups as follows: the top quartile of prewaking morning BP surge
(222.3 mm Hg, n = 34; the MS group) vs all others (<22.3 mm Hg,
n =99, the non-MS group). The prevalence of habitual smoking and
alcohol drinking were significantly higher in the MS group than in
the non-MS group (both P <.01) (Table 1). The prevalence of habit-
ual smoking and alcohol drinking was independent determinants
of a prewaking morning BP surge (P = .01 and P = .04, respectively)
(Table 2).

Evening BP rise was defined as the average SBP between 9 and
12 hours after waking minus the average SBP between 6- and 9-
hour after waking. Subjects were also subclassified according to the
extent of the evening BP rise. The cutoff value for identifying the
top quartile of evening BP rise was 6.45 mm Hg. Subjects were di-
vided into two groups as follows. The top quartile of evening BP rise
(26.45 mm Hg, n = 34, the ER group) vs all others (<6.45 mm Hg,
n = 99, the non-ER group). Antihypertensive medications were used
more frequently in the ER group than in the non-ER group (P = .01).
The prevalence of habitual alcohol drinking was significantly lower
in the ER group than in the non-ER group (P = .01). The estimated
glomerular filtration rate (eGFR) was significantly lower in the ER
group than in the non-ER group (P = .01). The PWV measurements
in the ER group tended to be higher in the ER group than in the non-
ER group (P = .07) (Table 3). Antihypertensive medications use and
eGFR were independent determinants of the evening BP rise (P = .01
and P = .04, respectively) (Table 4).

4 | DISCUSSION

A major finding of our study was that 2 peaks in BP were observed
in the early morning (between 0 and 3 hours after waking) and in the
early evening (between 9 and 12 hours after waking up). Previous
studies showed that the time of onset of acute cardiovascular
events was related to the time of waking, instead of clock time. 2223
Therefore, we conducted our analyses based on the subject's wake-

up time as the start of each day.
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TABLE 1 Comparison of baseline clinical characteristics
between non-MS group and MS group

Non-MS group MS group P-
(N =99) (N = 34) value
Male, % 40 61 .07
Age, yr 57 +11 56 + 10 .56
Body mass index, 24.5+2.6 23.7+2.3 A1
kg/m?
Smoking habit, % 22 50 <.01
Alcohol habit, % 53 82 <.01
Hypertension, % 37 53 12
Diabetes mellitus, % 5 3 .68
Heart disease, % 6 12 .39
Antihypertensive 28 42 .20
drugs, %
No. of antihyperten- 1.5+0.7 1.8+1.0 31
sive drugs
CCB, % 85 86 1.00
ACEI/ARB, % 42 50 .89
B-Blocker, % 4 14 .66
Diuretics, % 4 14 .66
Siesta habit, % 42 40 .88
LDL cholesterol, 121.4+25.7 117.4 + 36.1 .52
mg/dL
HDL cholesterol, 56.7 +13.7 60.7 +14.1 17
mg/dL
Triglyceride, mg/dL 132.3 +69.6 132.6 +90.0 .98
Fasting blood sugar, 101.5+26.0 979 +£10.7 47
mg/dL
eGFR, mL/ 61.6 +15.1 64.5+14.5 .37
min/1.73m?
baPWV, mm/sec 1546.4 +347.0 1435.4+238.2 A2
24 h-
Systolic BP, mm Hg ~ 126.7 £ 16.3 126.9 +13.8 .93
Diastolic BP, 774 +8.3 79.2+9.7 .31
mm Hg
Heart rate, bpm 68.9 £ 6.5 70.4 £9.0.4 .32
Awake-
Systolic BP, mmHg  131.8 £15.3 134.6 +13.1 .34
Diastolic BP, 80.1+8.5 84.2+9.7 .02
mm Hg
Heart rate, bpm 72.2+6.8 72.8+10.1 72
Asleep-
Systolic BP, nm Hg ~ 116.1 + 17.3 108.6 £ 12.6 .02
Diastolic BP, 69.6+9.6 67.8+8.1 .32
mm Hg
Heart rate, bpm 63.3+15.3 63.1+104 94

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin Il receptor blocker; baPWYV, brachial-ankle pulse wave
velocity; BP, blood pressure; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; MS, morning surge.

TABLE 2 Determinants of a preawaking morning BP surge by
multiple logistic regression analysis

Odds ratio (95% Confidence

Interval) P-value
Smoking habit, % 3.22(1.33-7.78) .01
Alcohol habit, % 2.65(1.01 - 7.00) .04

4.1 | Morning BP surge

The relationship between the prewaking morning BP surge and risk
of cardiovascular events has been controversial. Verdecchia et al?*
reported that a blunted prewaking morning BP surge was an inde-
pendent risk factor for cardiovascular events. On the other hand, Li
et al® reported that an excessive prewaking morning BP surge was
an independent risk factor for cardiovascular events. It is assumed
that several factors such as ethnic differences, the differences in the
composition of study populations, and the confounding influence
of nocturnal BP fall are associated with this discrepancy.?>?” In our
study, smoking and drinking habits were independent determinants
of the preawaking morning surge. These results are consistent with

those reported in previous studies.?®2?

4.2 | Evening BPrise

The evening BP rise was observed between 9 and 12 hours after
waking up. Peters et al'? observed a second peak in acute myo-
cardial infarction between 11 and 12 hours after waking up, in the
Cardiac Arrhythmia Suppression Trial. Muller et al?> demonstrated
the existence of a second increase in the incidence of sudden
cardiac death between 18:00 and 19:00. Other epidemiological
studies have also shown that a second peak in the incidence of car-
diovascular disease was observed in the evening.>* The even-
ing BP rise might be a trigger for cardiovascular events, but few
studies have focused on BP variations in the evening. We demon-
strated a second BP rise in the evening with the use of a 24- hour
ABPM for 7 consecutive days.

The causal factors of the evening BP rise remain unclear; how-
ever, some hypotheses have been suggested. It has been suggested
that the second BP rise may occur in parallel with an acceleration
of physical activity. The level of physical activity in the early eve-
ning might be accelerated by going home and preparation of dinner.
Stergious et al®® demonstrated that a BP rise after daytime napping
might be an important triggering factor for a cardiovascular event.
However, no relationship between the evening rise in BP and the
habit of daytime napping was found in this study.

Shea et al*?

showed that the endogenous circadian rise in BP,
unlike that of platelet agreeability, neurohormonal factors, and fibri-
nolytic activity, occurred in the evening. The evening BP rise might
reflect the endogenous circadian BP rhythms.

We demonstrated that taking antihypertensive medications was
an important determinant of the evening BP rise. Most of the sub-

jects treated with hypertensive medications in this study were taking
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TABLE 3 Comparison of baseline clinical characteristics

between non-ER group and ER group

Male, %
Age, yr

Body mass index,
kg/m?

Smoking habit, %
Alcohol habit, %
Hypertension, %

Diabetes mellitus,
%

Heart disease, %

Antihypertensive
drugs, %

No. of antihyper-
tensive drugs

CCB, %
ACEI/ARB, %
B-Blocker, %
Diuretics, %
Siesta habit, %

LDL cholesterol,
mg/dL

HDL cholesterol,
mg/dL

Triglyceride, mg/
dL

Fasting blood
sugar, mg/dL

eGFR, mL/
min/1.73 m?

baPWV, mm/sec
24 h

Systolic BP,
mm Hg

Diastolic BP,
mm Hg

Heart rate, bpm
Awake-

Systolic BP,
mm Hg

Diastolic BP,
mm Hg

Heart rate, bpm
Asleep-

Systolic BP,
mm Hg

Diastolic BP,
mm Hg

Heart rate, bpm

Non-ER group
(N=99)

49
56 +11
24225

32
67
36
5

7
26

1.5+0.7

84

52

12

8

40

117.8 £ 29.8

58.8+14.8

137.0 £ 101.2

100.3 +25.3

64.3 +£14.6

1489.1 + 332.2

1259 +16.4

774 +8.8

69.2+74

131.7+£15.5

80.6+9.2

719+78

112.9 +16.2

68.4+91

62.3+7.8

ER group
(N =34)

35
60+8
24.6+£2.6

21
41
55
4

10
50

1.8+ 1.0

88
35
0

46
126.8 +21.0

54.7 +10.5

137.5+56.3

101.9 £ 15.9

56.4 +14.5

1603.2 + 306.2

129.2+13.1

79.2+84

68.8+6.6

134.8+12.3

82.6+8.4

731%72

117.9 + 16.0

71.5+£9.7

61.4+6.6

P-value

.23
12
49

.31
.01
.10
1.00

.80
.01

.31

1.00
45
.38
1.00

.97

74

.01

.07

.28

.28

77

.25

44

013

.07

.52

Abbreviation: ER, evening rise. Other abbreviations as in Table 1.
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TABLE 4 Determinants of an evening BP rise identified by
multiple logistic regression analysis

Odds ratio (95%

confidence interval) P-value
Antihypertensive drugs, % 3.57 (1.46 - 8.74) .01
eGFR, mL/min/1.73m? 0.96(0.93 - 0.99) .04

Abbreviations as in Table 1.

antihypertensive medications in the morning. The efficacy of their
antihypertensive medications might therefore have been attenuated
in the evening. The eGFR level of subjects was also an important
determinant of the evening BP rise. It is well known that abnormal
BP circadian rhythms are very common in chronic kidney disease pa-
tients.3?3* Chronic kidney disease is closely associated with a non-
dipping BP pattern,g’s'36 but high 24-hour BP variability and a morning
BP surge are also associated with chronic kidney disease.®”%8

Previous studies have demonstrated that this may be caused by
decreased renal excretion of water and sodium,’ predominance of
nocturnal sympathetic nerve activity,40 progression of arterial stiff-
ness,* and disturbances in the circadian rhythm of the intrarenal
renin-angiotensin system.*? These factors could contribute to a BP
rise in the evening.

4.3 | Limitations

This study had some potential limitations. First, this study was a cross-
sectional study and the number of subjects was relatively small. It was
difficult to elucidate whether the evening BP rise was the cause or a
consequence of renal dysfunction in this study. We hope to clarify this
in alarger prospective study. Second, we could not perform a quantita-
tive evaluation of physical activity. A quantitative evaluation of physi-
cal activity may provide important information about the evening BP
rise. Third, the magnitude of the evening BP rise was small compared
with that of the morning BP surge. However, the average BPs between
9 and 12 hours after waking were significantly higher than for other
periods (Figure 2), and therefore, the second increase in cardiovascular

events might have been observed in the evening.

5 | CONCLUSIONS

In conclusion, our study demonstrated there were 2 peaks in BP, 1 in
the morning and another in the early evening. The evening BP rise was
associated with antihypertensive medication use and renal function.
Subjects with impaired renal function and subjects taking antihyper-
tensive medication might have to pay particular attention to factors

influencing BP, such as bathing and intense exercise in the evening.
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