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ABSTRACT

Theinfluence of arterial stiffness on seasonal variation
of blood pressurein hypertensive patients

Jong Chan Youn

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Se-Joong Rim)

Seasonal variation in blood pressure (BP) in hygpsite patients may be
related to the higher cardiovascular mortality imter. However, it is not
clear what factors are relevant to the seasonaiiaiiges. We hypothesized
that arterial stiffness is related to the BP chanbetween summer and
winter. Eighty five eldery (>55 years) patients twessential hypertension
(33 males, 64+6.0 years) were enrolled. SeasongbrBfles for at least 2
years were studied along with arterial stiffnessi¢hial-ankle pulse wave
velocity (PWV) measured by oscillometric techniqaey clinical variables
(age, gender, smoking, duration of hypertensiont{i-teypertensive
medications and body mass index). Both systolic diadtolic BP were
significantly higher during winter compared to threther seasons (spring;
128+10.0/79+£7.3mmHg,  summer;  127+9.8/78+7.1mmHg, turaa;
127+10.3/78+8.0 mmHg, winter; 136+12.5/81+7.6mmHsgystolic BP
changes;p <0.001, diastolic BP changew@ <0.001). There were no
significant seasonal difference among spring, sumi@ed autumn. PWV
was correlated with winter - summer differencessystolic BP (r=0.272,
p=0.012), but not in diastolic BP (r=0.188, p=0.p8Bge, which was
correlated with PWV strongly (p<0.001), were najngficantly related to
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the seasonal changes in BP (systolic BP change®;114, diastolic BP
changesp=0.298). No other clinical variables had a sigmifit correlation
with seasonal BP changes. Multivariate regressiaalyais revealed that
PWV is an only significant predictor for winter-sarar systolic BP changes.
Our results established a feasible link betweegriattstiffness and seasonal
BP variation. These findings may be partly explanatof higher
cardiovascular risk in patients with increasedratatiffness.

Key words: arterial stiffness, hypertension, seabwariation
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[. INTRODUCTION

Seasonal changes in cardiovascular disease havevbell documented,
usually with an increase in wintér Acute myocardial infarction exhibits a
seasonal pattern with an increased incidence dwringer. Data from the
US National Registry of Myocardial Infarction rep@pproximately 53%
more cases in winter than during the summer, adwéapital case fatality
rate shows a peak of 9% in winlteMoreover, a winter peak in occurrence
has been reported for ischemic and hemorrhagikedfrand rupture or
dissection of aortic aneurysins

Several factors may play a role in the winter pexfee for increased
cardiovascular events. Cold exposure, for examphylts in an increase in
sympathetic activity and blood pressure levels, ansignificant negative
correlation between ambient temperature and blomesspre has been
reported. Winter is also characterized by a pro-thrombstite. Fibrinogen
levels show wide seasonal variation, increasingoup3% during the colder
months, and also a mild surface cooling is capable toease platelet and
red cell count, and consequently blood viscGsitjrobably, such an



unfavorable constellation of underlying factors maffect the increased
cardiovascular disease in winter.

Among these, augmented seasonal variation of jpoessure is one of the
most important contributing factors to increaseddicvascular events.
Seasonal variation of blood pressure has been dmuach in normal
populatiorf, in hypertensive patierit§ in elderly’® and in dialysis
patients’. Ambient temperatufé® agé, body mass index (BMi)?
smoking®, and interdialytic body weight gdinare reported to be related to
the seasonal variation of blood pressure. Howetlggre is no single
important affecting factor underlying the seasowariation of blood
pressure which are consistently observed in vastuie$”**3

Recently arterial stiffness, which can be evalusedeveral measurements
including pulse wave velocity (PWV), has been shotenbe a strong
independent predictor of cardiovascular and allseamnortality in patients
with essential hypertensith older subjects over 70 yebrss well as in
patients with end stage renal disease on hemoitidlysHowever,
underlying mechanisms between arterial stiffnessd amcreased
cardiovascular mortality are not well known. Blom@ssure variation which
was known to be related to the increased cardiolasevent’ could be the
bridging point which can explain the increased wamscular mortality in
patients with increased arterial stiffness. Recstidy® suggested the
possibilities that arterial stiffness is relatedtie weekly variation of blood
pressure. Therefore, we hypothesized that artetiffhess is related to
augmented seasonal variation of blood pressuresabsequently related to
increased cardiovascular events during winter.



[I. MATERIALSAND METHODS

1. Subjects

The analyzed subjects were 85 hypertensive elgelients (> 55 years)
who are on regular follow up at Severance Hospiv@nsei University
College of Medicine between April 2002 and Marcl®20Hypertension was
defined accordingp the Seventh Report of the Joint National Coneaitbn
Prevention, Detection, Evaluation, and Treatmertligh Blood Pressure: the
JNC 7 reporf. The inclusion criteria were as follows: (1) Pati&who were
followed regularly more than two years who can shiog/seasonal profile of
the blood pressure (2) Age 55 years or more. Eiattusriteria were as
follows: (1) Recent myocardial infarction, unstallegina, congestive heart
failure, previous cerebrovascular accident, maligndebilitating disease,
severe respiratory disease, renal failure (cresint 1.4 mg/dL), anemia
(hemoglobin < 12g%), secondary hypertension, hypehypothyroidism and
severe dementia. (2) Patients with any kind of geanin hypertensive
medication during the follow up period which carilience the seasonal
profile of blood pressure

2. Method
A. Blood pressure measurements

After the patients had sat down and rested for f5nwo consecutive
readings were recorded by a mercury sphygmomanométie a standard
sized cuff (12 x 35 cm), and their mean values vealeulated. Korotkoff 5
sounds were recorded as the level of diastolicspres The average indoor
temperature was maintained by an air condition@3a25C ,irrespective of
outdoor environment.

B. Arterial stiffness
Arterial stiffness was estimated by brachial-anklelse wave velocity



(baPWV), which was measured using a volume-pletlgragghic apparatus
(from PWV/ABI, VP-2006; Colin, Co., Ltd., Komaki, Japan). The details of
this measurement method have been reported elsewh&o avoid the
interobserver variation, one experienced examireasured all the baPWV of
analyzed patients.

C. Clinical variables

Age, gender, smoking, BMI, duration of hypertensidypes of anti-
hypertensive medications, laboratory data, and ead@ographic data are
reviewed as well as the seasonal blood pressufitepro

D. Satistic analysis

The statistical analysis was performed using SP@8stical analysis
program (ver. 12.0, SPSS Inc., Chicago, IL, USAJluds are expressed as
meantS.D. Data were analyzed by independent t-test, e@ait-test,
correlation analysis, and multivariate linear regren. Ap value of less than
0.05 was considered to be statistically significant



[11. RESULT
1. The characteristics of the study group

Age, sex, smoking, duration of hypertension, boaygit, BMI, laboratory
parameters, echocardiographic data, and brachié-goulse wave velocity
(baPWV) are studied (Table 1).

Table 1. The characteristics of the study group

Characteristics Values
Age 64+ 6.0 (55-77)
Sex 33:52
Smoking 5
Duration of HTN (years) 11+ 9.3 (2-38)
Bwt (Kg) 63+ 9.2 (42-85)
BMI (Kg/m?) 24.8+ 2.70 (18.5-31.2)
BUN (mg/dL) 15.8+ 3.90 (9.6-24.8)
Cr (mg/dL) 0.9+ 0.9 (0.6-1.3)
LVEF (%) 72+ 6.3 (60-86)
baPWV 1589+ 286.2 (928-2355)

Data are mear: S.D., HTN; hypertension, Bwt; body weight, BMI; dyo
mass index, BUN; blood urea nitrogen, Cr; creagnitVEF; left ventricular
ejection fraction, baPWV; brachial-ankle pulse wagtcity

2. Seasonal mean systolic blood pressure (SBP) and mean diastolic blood
pressure (DBP): absolute values and their differences (A)

We took the mean of four each seasonal BP profiteleast 2 years. The
results of SBP and DBP measurements during therdift seasons are shown
in Table 2. Both SBP and DBP were markedly incrédasewinter compared
with three other seasons. The winter-summer SBferdiice was 9+10.7
mmHg (<0.001) during the follow up period, whereas thaoior temperature
was maintained 23-28 level. The winter-autumn SBP difference was



9+11.4 mmHg §j<0.001) and winter-spring SBP difference was 8+10.9
mmHg (<0.001), while the summer-spring, summer-autumn apdng-
autumn SBP differences were not significant.

The winter-summer DBP difference was 3+7.3 mmHbg0(001). The
winter-spring DBP was 2+6.8 mmH@=<0.002) and the winter-autumn DBP
was 3+8.0 mmHgpE<0.001). There were no significant seasonal diffeesn
between spring-autumn, summer-spring, and sumntarreu DBP
differences.

3. Correlation analysis of mean difference between winter and summer
systolic blood pressure (SBP) and diastolic blood pressure (DBP); age,
BMI, PWV

Pearson correlation analysis of mean differencevdet winter and
summer SBP and DBP with age, BMI, and PWV are shiowrable 3. PWV
was correlated with winter - summer differencessystolic BP (r=0.272,
p=0.012), but not in diastolic BP (r=0.188;0.085) (Fig. 1). Age, which was
correlated with PWV stronglyp&0.001), were not significantly related to the
seasonal changes in BP (systolic BP change®,114, diastolic BP changes;
p=0.298). No other clinical variables had a sigmifit correlation with
seasonal BP changes.

4. Multivariate regression analysis taking systalic, diastolic BP changes as
a dependent variable; age, BMI, PWV

Multivariate regression analysis taking systotigstolic BP changes as a
dependent variable with age, BMI, PWV as an inddpeh factor revealed
that PWV is an only predicting factor for seasasatolic BP changes (Table
4).



Table 2. Seasonal systolic blood pressure (SBP) and diastolic blood
pressure (DBP): absolute values and their differences (A)

BP, meant S.D. BP range (mmHgQ)
SBP spring 128+ 10.0 93-145
SBP summer 127+ 9.8 99-150
SBP autumn 127+ 10.3 98-155
SBP winter 136+ 12.5 101-160
DBP spring 79+ 7.3 57-90
DBP summer 78+ 7.2 55-98
DBP autumn 78+ 8.0 45-95
DBP winter 81+7.6 55-96
BP, meant SD p-value
ASBP winter-summer 9+ 10.7 <0.001
ASBP winter-spring 8+10.9 <0.001
ASBP winter-autumn 9+11.4 <0.001
ASBP summer-spring 1+£104 0.303
ASBP summer-autumn 0+10.6 0.789
ASBP spring-autumn 0+9.0 0.382
ADBP winter-summer 3£7.3 <0.001
ADBP winter-spring 2+6.8 0.002
ADBP winter-autumn 3+£8.0 <0.001
ADBP summer-spring 0+7.3 0.222
ADBP summer-autumn 0+8.3 0.941
ADBP spring-autumn 1+£7.8 0.225




Table 3. Correlation analysis of Mean difference between winter and
summer systolic blood pressure (SBP) and diastolic blood pressure
(DBP); age, BMI, PWV

(N=85)
Age BMI PWV Sys-Diff Dia-Diff
Age 1.000 -0.103 0.447 0.173 0.114
0.349 <0.001 0.114 0.298
BMI -0.103 1.000 -0.029 0.061 0.139
0.349 0.790 0.577 0.203
PWV 0.447 -0.029 1.000 0.272 0.188
<0.001 0.790 0.012 0.085
Sys-Diff 0.173 0.061 0.272 1.000 0.463
0.114 0.577 0.012 <0.001
Dia-Diff 0.114 0.139 0.188 0.463 1.000
0.298 0.203 0.085 <0.001
Data are value of Pearson correlation coefficiesfii)e p-value are shown in
italic type letter

Sys-Diff; winter-summer systolic BP difference, Eéf; winter-summer
diastolic BP difference



Figure 1. Mean difference between winter-summer systolic blood

pressure (SBP) and diastolic blood pressure (DBP); Correlation analysis
with PWV
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Table 4. Multivariate regression analyss taking systolic, diastolic BP
changes as a dependent variable; age, BMI, PWV

Dependent variable; Winter-Summer SBP changes séefjuR square; 0.049

1) Standard Error p-value
Age 0.129 0.214 0.549
BMI 0.301 0.424 0.480
PWV 0.009 0.004 0.045

Dependent variable; Winter-Summer DBP changes, #id{lR square; 0.024

3 Standard Error p-value
Age 0.066 0.147 0.655
BMI 0.403 0.291 0.170
PWV 0.004 0.003 0.167
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V. DISCUSSION

Relationship between arterial stiffness and seasonal blood pressure
variation

We presented the relationship between arteridhest and seasonal blood
pressure variation in hypertensive elderly patieMsltivariate regression
analysis taking systolic, diastolic BP changes aegendent variable with
age, BMI, PWV as an independent factor revealed BMAV is an only
predicting factor for seasonal systolic BP chan@as. results established a
feasible link between arterial stiffness and sealsBR variation.

Seasonal variation of blood pressure, which wasvipusly found in
various subsets of patients, is also well docuntemeour study group. We
found both systolic and diastolic blood pressuresewsignificantly higher
during winter compared to three other seasons. ddwree of seasonal
differences in blood pressure that we found wemglar with those reports
in previous studies on hypertensive or elderly pagans®*

Theoretically as arterial stiffness increasestaigsblood pressure rises up
while diastolic blood pressure goes down. This @a consistent with our
findings. Increased arterial stiffness was reldtedhe winter-summer SBP
changes, but not to the DBP changes. Moreover, anggd SBP changes
compared with DBP changes are well documented instudy because of
the inclusion criteria of over 55 year old patier88P increases steadily
with age, whereas DBP increases until about agen85then declines when
increased large-vessel stiffness alters the flomtaas such that systolic
pressure is increased and diastolic pressure ieafeef!.

Age’, BMI®*2 smokindg® which were previously known to be related to
the seasonal variation of blood pressure, wereshoivn to be related in our
study. As for the smoking, the fact that smokingutes in peripheral
vasoconstriction may be related with the augmebtedd pressure response
in winter. However, because the number of smokehénstudy group was

11



relatively small - only five, the effects of smogimon blood pressure
variations could be masked in our results. Kriftaheh et al? reported the
inverse relationship between BMI and seasonal SBBnges, that is
augmented seasonal variation of blood pressureainel patients. However,
probably due to the differences of study populatidawer BMI in our study
group compared with previous std@ythere was no significant relationship
between BMI and seasonal variation of blood pressur

It should be noted that age, BMI, smoking, whichreMenown to be related
to the seasonal variation of blood pressure areiafBiencing factors on the
arterial stiffness, itselt*> Therefore increased arterial stiffness more blear
explain the relationship between previously knonftuiencing factors — age,
BMI, smoking and seasonal variation of blood pressand this could be a
more fundamental mechanism.

Relationship between arterial stiffnessand cardiovascular events

Epidemiologic and clinical studies have shown tiatreased pulse
pressure is an independent cardiovascular riskifattgeneral populatidh
Theoretically pulse pressure is influenced by Vefttricular ejection (stroke
volume and ejection time) and arterial stiffnessnippally that of the aorta
and large central arteries). Because left ventiicajection remain stable or
even decrease with age, arterial stiffness is tirecipal factor responsible
for increased pulse pressure in various subsefaténts with increased
cardiovascular risk. Recently arterial stiffness itself, which can be
evaluated by several measurements including putses welocity (PWV),
has been shown to be a strong independent preditiardiovascular and
all cause mortality in patients with essential hygesiort’, older subjects
over 70 yearS as well as in patients with end stage renal deseas
hemodialysi&. However, underlying mechanisms between artetifihass
and increased cardiovascular mortality are not wedwn. Blood pressure
variation which was known to be related to the éased cardiovascular

12



event’ could be the bridging point which can explain tmereased
cardiovascular mortality in patients with increasetérial stiffness. Here we
presented the feasible mechanism of increasedovastular mortality in
patients with increased arterial stiffness by destrating the relationship
between arterial stiffness and seasonal variatidihood pressure.

Clinical Implications

These findings could give a meaningful contribatio the treatment of
elderly hypertensive patients. Physicians shouldaverlook the BP surge
during winter as an insignificant common findingadgd on our results we
can find high risk patients who require more stB&t control during winter.
To reduce the cardiovascular event it is necessatyeat more carefully
during winter, especially in high risk patients lwihicreased arterial stiffness.
Moreover even as for the normotensive patientss important to assess
hypertension during winter not in other seasonshdy have increased
arterial stiffness or other cardiovascular riskdes.

Limitations

The present study has several potential limitatioRirst, our study
population was relatively small. Second, PWV iduahced by BP for the
times when PWV is measured. However, it is stilhtcoversial whether
PWV is necessary to be corrected by BP. Third, dha@son which PWV
measured were not same among study populationp&utige studies in a
large population are needed to reveal more cldatiorship among arterial
stiffness, augmented seasonal blood pressure igatisgnd major adverse
cardiovascular event.

13



V. CONCLUSION

In conclusion, retrospective study of 85 elderlypértensive patients
revealed a significant increase of blood pressumgimter. In this population
arterial stiffness, which was known as an indepehdardiovascular risk
factor, was related to augmented seasonal variafitmood pressure. These
findings may be partly explanatory of higher cawdiscular risk in patients
with increased arterial stiffness.
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