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Summary

There is association between sleep quality and arterial blood pressure, but it is still unclear if the
association also exists in the very elderly. We examined the individual association between sleep
quality and arterial blood pressure among the very elderly.

The present study analyzed data from a survey that was conducted on all residents aged 90 years
or older in a district with 2,311,709 inhabitants in 2005. Sleep quality was measured using The
Pittsburgh Sleep Quality Index (PSQI).

The subjects included in the statistical analysis were 216 men and 444 women. There were no sig-
nificant differences in sleep quality scores, sleep latency, and sleep efficiency percentage and prev-
alence of poor sleep quality between subjects with and without hypertension. None of the differ-
ences in systolic blood pressure, diastolic blood pressure, and prevalence of hypertension, systolic
hypertension and diastolic hypertension among subjects with well, fairly and poor sleep quality were
significant. Multiple logistic regressions showed that unadjusted and adjusted Odds Ratio (ORs)
of poor sleep quality for increased risk for hypertension were significant.

Among very elderly subjects, there was no association between sleep quality and arterial blood
pressure.
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BACKGROUND

Many studies have established the association between sleep
quality and arterial blood pressure. Subjects with chron-
ic insomnia have a higher risk for hypertension [1-3] and
U-shaped associations have also been demonstrated be-
tween sleep duration and hypertension [4]. Studies have
reported that insomnia is associated with an overall hyper-
secretion of ACTH and cortisol, suggesting an activation of
the hypothalamic-pituitary-adrenal (HPA) axis in these pa-
tients [5-8]. Given the well-established association of hyper-
cortisolemia with significant medical morbidity (eg, hyper-
tension, metabolic syndrome, osteoporosis), insomnia can
induce hypertension through an activation of the hypotha-
lamic-pituitary-adrenal (HPA) axis [9]. On the other hand,
it has also be confirmed that subjects with hypertension are
more likely to report emotional disorders such as anxiety,
depression, and sleep disorders, which are usually viewed
as one of their clinical features, indicating that hyperten-
sion is a risk factor for sleep disorders [10,11].

It is well known that both sleep quality and hypertension
are strongly influenced by lifestyle [12]. Smoking and lack
of exercise are linked with risk for hypertension or chron-
ic insomnia [13,14]. It has been confirmed that there is a
U-shaped association between alcohol consumption and
hypertension or chronic insomnia [13,15]. Both sleep dis-
orders and hypertension are associated with high mortali-
ty risk [4,16,19].

Insomnia is a risk factor for hypertension [1-3], and indi-
viduals with hypertension are more likely to have sleep dis-
orders [10,11]. Some behaviors (eg, exercise, smoking, al-
cohol consumption) are risk factors for both sleep disorders
and hypertension [13-15], sleep disorders and hypertension
are both risk factors for mortality in the elderly [4,16-19],
and hypertension and sleep disorders are both related to
age [20,21]. From all of these, we can conclude that in very
elderly subjects (aged 90 years or more), there is a close
association between sleep quality and arterial blood pres-
sure, which may be different from that in he general pop-
ulation of older adults (aged 60 years or more). However,
to our knowledge, no population-based study has evaluat-
ed the association between sleep quality and arterial blood
pressure in the very elderly. In this study we examined the
association between sleep quality and arterial blood pres-
sure in the very elderly subjects using data from a sample
of Chinese nonagenarians and centenarians,

MATERIAL AND METHODS

Materials

The methods were reported previously [21]. In brief, on
the basis of the Dujiangyan (located in Sichuan province,
southwest China) 2005 census, a cross-sectional study for
age-related diseases was conducted in 870 very elderly sub-
jects (>90 years), which was a part of the Project of Longevity
and Aging in Dujiangyan (PLAD). The PLAD aimed to in-
vestigate the relationship between environments, lifestyle,
genetics, longevity and age-related diseases. Volunteers were
examined by trained professional physicians according to ba-
sic health criteria and the results were entered into standard
forms, especially the questionnaire on lifestyles (including

The Pittsburgh Sleep Quality Index (PSQI)). In this anal-
ysis, subjects were excluded who were using medicine for
treating sleep problems of hypertension, were bedridden,
had cancer, a history or clinical evidence of stroke, second-
ary hypertension, or were receiving anti-hypertensive treat-
ment, had terminal stage of physical disease such as respira-
tory system disease, cardiovascular disease, kidney disease,
dementia or cognitive decline. Overall, 21 men and 26 wom-
en were not eligible for the study because they had already
died or moved away from the area. Of the 262 men and 561
women who were interviewed, 46 men and 117 women were
excluded for the reasons above. The study population ulti-
mately consisted of 660 very elderly subjects. Informed con-
sents were obtained from all participants (as well as their le-
gal proxies). The Research Ethics Committee of the Sichuan
University approved the study. To assure reliability of this
information, during the course of interviewing, at least 1
family member, who usually lived with the participant, took
partin the interviewing and checked the completed ques-
tionnaire for accuracy.

Data collection and measurements
Measurement of blood pressure

The methods were reported previously [21]. Sitting or re-
cumbent position, right arm blood pressure (BP) was mea-
sured twice to the nearest 2 mmHg using a standard mer-
cury sphygmomanometer (phases I and V of Korotkoff) by
trained nurses or physicians. The mean value of 2 measure-
ments was used to calculate systolic BP (SBP) and diastolic BP
(DBP), and the SBP and DBP were calculated as the mean
of right and left arm values in exceptional subjects [22].
The mean of 2 readings was used for classification of BP ac-
cording to Joint National Committee (JNC)VII criteria into
normal (SBP <120mmHg and DBP <80mmHg), pre-hyper-
tension (SBP 120-139 mmHg and/or DBP 80-89 mmHg),
stage 1 hypertension (SBP 140-159 mmHg and/or DBP
90-99 mmHg), stage 2 hypertension (SBP >160 mmHg
and/or DBP >100 mmHg), systolic hypertension was de-
fined as a SBP >140 mmHg, the isolated systolic hyper-
tension (ISH) was defined as a SBP >140 mmHg and a
DBP<90mmHg, diastolic hypertension was defined as a DBP
>90 mmHg, and the isolated diastolic hypertension (IDH)
was defined as a SBP <140 mmHg and a DBP >90 mmHg.
Hypertension was defined as a SBP >140 mmHg and/or a
DBP >90 mmHg and/or receiving anti-hypertensive treat-
ment [22]. Subjects with confirmed hypertension and no
identified cause of secondary hypertension were diagnosed
with essential hypertension.

Measurement of sleep quality

The Pittsburgh Sleep Quality Index (PSQI) was used for the
subjective assessment of sleep quality [23]. The PSQI is a ques-
tionnaire consisting of 19 items which are coded on a 4-point
scale (0-3) to obtain 7 subcategories: sleep duration, sleep
disturbances, sleep latency, daytime dysfunction, sleep effi-
ciency, sleep satisfaction, and medication use. The sum of all
subscores represents the total sleep quality score, ranging be-
tween 0-21, with higher scores representing lower sleep quality.
The individuals were categorized as follows: good sleep qual-
ity (scores between 0 and 5); fairly good sleep quality (scores
between 6 and 10); and poor sleep quality (scores between 11
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and 21). Respondents are asked to rate their sleep reflecting
on the past month. Psychometric properties have demonstrat-
ed good reliability (internal consistency: 0.89; test retest reli-
ability: 0.85) and good construct validity for the English lan-
guage version [24]. The PSQI is a widely used tool in research
studies and clinical trials, and has been translated into several
languages including Chinese, Spanish, German, and Hebrew,
with comparable reliability and validity values. Internal con-
sistency in the present study was 0=0.69. When excluding the
medication use subscale due to a low rate of medication us-
ers in this sample, internal consistency increased to 0=0.76.
Outcome measures included the total PSQI score as well as
self-report of sleep latency (SL) (question 2: “How long (in
minutes) has it usually taken you to fall asleep each night?”),
and sleep efficiency percentage (SE), computed as the ratio
between the hours of actual sleep (question 4: “How many
hours of actual sleep did you get at night?”) and total time in
bed (hours computed based on reported bedtime in ques-
tion 1: “What time have you usually gone to bed at night?” and
reported wake-time in question 3: “What time have you usu-
ally gotten up in the morning?”), multiplied by 100 [24,25].

Assessment of covariates

The baseline examination included information on age
(years), sex (Male/Female), smoking habits (yes or no), alco-
hol consumption (yes or no), tea consumption (yes or no),
exercise (yes or no), serum lipid/lipoprotein levels (includ-
ing serum triglyceride (TG), total cholesterol (TC), high-
density lipoprotein (HDL) cholesterol, and low-density li-
poprotein (LDL) cholesterol), fasting blood glucose (FBG),
serum uric acid (SUA), and body mass index (BMI) [21,22].
The BMI was calculated as body weight in kilograms divided
by height in meters squared. Serum lipid/lipoprotein lev-
els, FBG and SUA were determined by standard laboratory
techniques (performed by a technician in the biochemis-
try laboratory of Sichuan University). The other covariates
were collected by using a general questionnaire.

Behaviors of smoking, alcohol consumption, tea consump-
tion, and exercise, which included former and current sta-
tus, were collected by using a general questionnaire. In the
questionnaire, every item had 2 options (yes or no). We de-
fined subjects with such behaviors as doing it almost every-
day. Subjects were asked whether they had ever had behav-
iors of smoking, alcohol consumption, tea consumption,
and exercise, and 1 of 3 answers were recorded: never, did
in the past, or currently. Among those who did, currently
or in the past, information was obtained on the average fre-
quency of smoking, using alcohol, drinking tea, and doing
exercise, and on the number of years they had engaged in
the behavior. The subjects, who did almost everyday during
the past year, were classified as those with these habits cur-
rent, otherwise as without. The subjects, who had done be-
haviors almost everyday for more than 2 years as of a year
before, were classified as those with these habits previously,
otherwise as without. Alcohol consumption included spir-
its, liqueurs, wine, sherry, martini, beer, lager, hard cider,
stout, and so on. Tea consumption included all types of tea.

Statistical analysis

All of the statistical analyses for this study were performed
with the SPSS for Windows software package, version11.5

(SPSS Inc, Chicago, Illinois, USA). Baseline characteristics
were compared between subjects with and without hyper-
tension, between subjects with and without systolic hyper-
tension, between subjects with and without diastolic hy-
pertension using Pearson chi-square or Fisher’s exact test
(where an expected cell count was <5) for categorical vari-
ables and unpaired Student’s T test for continuous variables.
Baseline characteristics were also compared among different
sleep quality groups using one-way for analysis of variance
(ANOVA) for continuous variables and Pearson chi-square
or Fisher’s exact test (where an expected cell count was <5)
for categorical variables. Multiple logistic regression was
used to estimate the odds ratio (OR) and 95% confidence
interval (CI) of sleep quality as a function of increased risk
for hypertension, systolic hypertension or diastolic hyper-
tension. The following items were adjusted: age, sex, serum
Lipid/lipoprotein, body mass index, blood glucose level,
smoking, alcohol consumption, tea consumption, and ex-
ercise. A P value <0.05 was considered to be statistically sig-
nificant, and all of the P values were 2-sided.

RESULTS

Baseline characteristics, arterial blood pressure and sleep
quality

Among the 660 participants, mean age was 93.52 years, 69
were centenarians and 444 were women. Ninety percent of
participants lived in the countryside. The mean SBP and
DBP in the population were 139.71 (s.d.: 23.31) mmHg
and 72.59 (s.d.: 12.06) mmHg. There were 150 (22.7%)
subjects with normal arterial blood pressure, 133 (20.1%)
with pre-hypertension, 216 (32.7%) with stage 1 hyperten-
sion, 161(24.5%) with stage 2 hypertension, 364 (55.2%)
with systolic hypertension, and 86 (13.0%) with diastolic hy-
pertension (Tables 1 and 2).

There were 385 (58.4%), 128 (19.4%) and 147 (22.2%) with
good, fairly good, and poor sleep quality, respectively. The sub-
jects with good sleep quality were younger in age (93.32+3.32,
93.95+3.59, 93.63+3.14, among subjects with good, fairly good,
poor sleep quality respectively, P=0.016). The mean sleep
quality score was 6.84+2.15, the mean SL was 45.89+16.72
min, and the mean SE was 76.53+8.78% (Tables 1 and 2).

No association between arterial blood pressure and
quality of sleep

Among the different sleep quality groups, none of the dif-
ferences in levels of SBP, DBP, the prevalence of hyperten-
sion, systolic hypertension and diastolic hypertension was
significant (SBP: 140.21+23.20, 138.35+22.24, 140.37+22.78,
P=0.703; DBP: 72.77+12.30, 72.50+£10.92, 72.23+12.65,
P=0.889; hypertension: 57.66%, 56.25%, 57.14%, P=0.847,
systolic hypertension: 55.32%, 55.47%, 54.42%, P=0.836;
diastolic hypertension: 13.50%, 8.59%, 15.64%, P=0.334
among subjects with good, fairly good, and poor quality
sleep, respectively) (Table 1).

Between subjects with and without hypertension, none of the
differences in sleep quality scores, sleep latency, sleep efficien-
cy percentage and prevalence of poor sleep quality was signif-
icant (sleep quality scores: 6.67+2.59 vs. 6.97+2.66, P=0.139;
sleep latency: 44.10+13.17 vs. 47.23+18.11, P=0.235; sleep
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Table 1. Baseline characteristics according to Sleep quality (n=660).

Well sleep quality Fairly sleep quality

Poor sleep quality

Characteristics All (n=660) (n2=385) (n=128) (n=147)
Xeort P value
Age (years) 93.52+3.37 93.324+3.32 93.95+3.59 93.63+3.14 1.882 0.016*
Gender
Male/Female 216/444 138/247 36/92 42/105 3.964 0.138
Hypertension (Yes/No) 378/282 222/163 72/56 84/63 0.809 0.847
DBP(mmhg) 72.59+12.06 72.77+12.30 72.50+10.92 72.23+12.65 0.106 0.889
DH (Yes/No) 86/574 52/333 11/117 23/124 1.326 0.334
SBP(mmhg) 139.71+23.31 140.21+23.20 138.354+22.24 140.37+22.78 0.353 0.703
SH (Yes/No) 364/296 213/172 71/57 80/67 0.858 0.836
TG (mmol/L) 1.22+0.64 1.23%0.70 1.18+0.51 1.25+0.58 0.405 0.667
TC(mmol/L) 4.15+0.85 4,05+0.84 4,09+0.86 3.97+0.88 0.831 0.436
HDL (mmol/L) 1.58+0.59 1.56+0.39 1.57+0.35 1.63+1.02 0.222
LDL (mmol/L) 2.28+0.97 2.23+0.59 2.30+0.64 2.40+0.97 1.658 0.191
FBG(mmol/L) 4.46+1.45 4.44+1.32 4.40+1.48 4.57+1.68 0.536 0.585
SUA (umol/L) 318.72+87.01  318.34+84.83 316.75+83.66 321.45+93.10 4,993 0.007**
BMI 19.05+3.64 19.02+3.25 18.91+3.85 19.20+3.85 0.219 0.803
Smoking habits
Former (Yes / No) 399/247 243/142 70/58 86/47 2.135 0.647
Current(Yes /No)*** 293/366 178/207 54/74 61/86 1.278 0.528
Alcoholic
Former (Yes/No)*** 386/264 218/170 89/54 79/62 6.211 0.045%
Current(Yes/ No)*** 176/482 123/262 20/108 33/112 14.271 0.001**
Tea habits
Former (Yes/No)*** 291/354 172/203 55/73 64/78 0.209 0.901
Current (Yes/No)*** 279/381 170/215 50/78 51/88 1.483 0.476
Exercise habits
Former (Yes/No)*** 216/427 128/247 42/86 47/94 0.003 0.999
Current (Yes/No)*** 269/385 153/232 56/72 60/81 0.752 0.687

Baseline characteristics were compared between different arterial blood pressure groups. * P<0.05 ** P<0.01 vs. Non-cognitive impairment. Using
X2 or Fisher’s exact test (where *** an expected cell count was <5) for categorical variables and unpaired Student’s t test for continuous variables.
In the testing, a P value <0.05 was considered to be statistically significant. Poor sleep quality; SL — sleep latency; SE — sleep efficiency percentage;
SUA — Serum uric acid; BMI — body mass index; FBG — fasting blood glucose; HDL — high density lipoprotein; LDL — low density lipoprotein; TC —
Total cholesterol; TG — Triglyceride; SH — systolic hypertension; DH — diastolic hypertension.

efficiency percentage: 79.17+12.64 vs. 74.56+14.36, P=0.473;
prevalence of poor sleep quality: 22.34% wvs. 22.22%, P=0.778
in subjects without and with hypertension, respectively).
Between subjects with and without systolic hypertension, none
of the differences in sleep quality scores, sleep latency, sleep
efficiency percentage and prevalence of poor sleep quality
was significant (sleep quality scores: 6.71+2.71 vs. 6.95+2.48,
P=0.172; sleep latency: 44.35+13.42 vs. 47.14+17.99, P=0.347,
sleep efficiency percentage: 79.21+11.91 vs. 74.35+13.44,
P=0.469; prevalence of poor sleep quality: 22.64% vs. 21.98%,
P=0.813 in subjects without and with systolic hypertension,
respectively). Between subjects with and without diastol-
ic hypertension, none of the differences in sleep quality
scores, sleep latency, sleep efficiency percentage and prev-
alence of poor sleep quality was significant (sleep quali-
ty scores: 6.77+3.01 vs. 7.31+2.67, P=0.212; sleep latency:
45.99+13.57 vs. 45.22+11.65, P=0.881; sleep efficiency per-
centage: 76.34+2.25 vs. 77.79£2.81, P=0.786; prevalence of
poor sleep quality: 26.74% wvs. 21.60%, P=0.207 in subjects
without and with diastolic hypertension, respectively).

Neither the unadjusted nor the adjusted multiple logistic
regression showed that good quality sleep had a function of

decreasing the risk for hypertension (unadjusted odds ratio
(OR): 0.963, 95% confidence interval (CI): 0.654-1.417; ad-
justed OR: 0.981, 95% CI: 0.736-1.328), systolic hyperten-
sion (unadjusted OR: 0.968, 95% CI: 0.674-1.497; adjusted
OR: 0.976, 95% CI: 0.615-1.541) or diastolic hypertension
(unadjusted OR: 0.821, 95% CI: 0.543-1.205; adjusted OR:
0. 904, 95% CI: 0.649-1.338) (Table 3). All of these showed
that among very elderly subjects there was no association
between sleep quality and arterial blood pressure.

DiscussIioN

This study evaluated the association between sleep quality and
arterial blood pressure in very elderly subjects. In the present
study, sleep quality included quality classification and scores,
sleep latency and sleep efficiency. Arterial blood pressure
included systolic blood pressure, diastolic blood pressure,
hypertension, systolic hypertension and diastolic hyperten-
sion. In the cross-sectional observations, there was no asso-
ciation between sleep quality and arterial blood pressure.

Several studies have shown that there was a strongly signifi-
cant association of sleep quality with arterial blood pressure,

PH39



Public Health

Med Sci Monit, 2012; 18(3): PH36-42

Table 2. Baseline characteristics according to arterial blood pressure (n=660).

Characteristics Arterial blood pressure SBP DBP
(l:‘t:;:;azl) A(i:‘::’;';l X? or MD P value (t::g:l) A{:::E?I X2 or MD P value (I;:;n;l) A?::g:)a : X2 or MD P value
Age (years) 93.52+329  9351+343  0.032 0971 93.48+3.29 93.54+343 0247 09805 93474329 93774343 0772 0440
Gender***
(Male/Female) 100/182 116/262 1.671 0.209 107/190 109/255  2.854  0.096 191/383 25/261 0601  0.463
Sleep quality
Score 6.67+2.59 6974266 1564 0.139 671271 695248 1361 0172 6774301 731267 1259 0212
Well/Fairly/Poor ~ 163/56/63 ~ 222/72/84  0.809 0.807 172/57/67  213/71/80 0.858  0.836 333/117/124  52/11/23 3326 0334
SE (%) 79.17+12.64 74561436 0964 0473  79.21£11.91 7435+13.44 0996 0469  76.34+2.25 77.79+2.81 0405  0.786
SL (min) 4470+13.17 47.23£1811  1.006 0235 443541342 47.14+17.99 0998 0347 45.99+13.57 452241165 0269  0.881
TG (mmol/L) 1134045 1294074 3362 0.001** 1124045 130+0.74 3.534 <0.0001** 1.22+0.65 124+054 0818  0.231
TC (mmol/L) 470+082  4.19+0.87 1347 0.178 410+0.82 4.19+087 1.131 0.184  4.12+085 436+0.79* 2476 0014
HDL(mmol/L)  1.58+0.61  1.57+0.57 0759 0.222 1584061 1574057 0759 0222 1574061 160038 0346 0729
[DL(mmol/l) 221059  232+1.17 1463 0.144 2214059  232+1.19 1424 0155 2264101 2384059  1.080  0.281
FBG(mmol/l)  4.52+152 4424140 0795 0427 4524152 4424140 0927 0354  448+152  457+140 0716 0474
SUA (umol/L)  321.17+£92.73 316.88+82.53 0.623 0.534  321.99+92.53 31604+82.25 0.873 0.383 319.33+87.91314.70+81.18 0460  0.646
BMI 18.44+3.25 19.49+3.85  3.672<0.0001** 18.49+3.24 19.50+3.88 3.510 <0.0001** 19.00+3.56 19.33+4.13 0452 0345
Smoking habits
Former (No/Yes)***  179/97 220/150 2695 0.260 191/99 208/148 2566 0.084  348/213 51/34 0.281  0.869
Current(No/Yes)*™*  157/126 209/167 001 0978 161/136 205/157 0387 0.534  317/257 46/39 0176  0.726
Alcoholic
Former (No/Yes)***  170/109 216155/ 0486 0.519 176/117 210147 0103 0810 345223 41/11 3426 0.071
Current(No/Yes)***  211/72 271/104 0432 0.534 222/75 260/101 0618 0479 425149 57/27 1431 0237
Tea habits
Former (No/Yes)***  150/126 204/165 0.056 0.853 155/135 299/156 0438  0.525 315/248 43/39 2304 0.156
Current (No/Yes)*™*  159/124 222/155 0484 0.524 164/133 217147/ 1392 0268  337/238 4/1 0233 0241
Exercise habits
Former(No/Yes)***  184/92 243/124 0.015 0.904 154/95 233/121 0122 0738 374187 29/53 0132 0.904
Current (No/Yes)**  117/108 214/161 1179 0297 177/115 208/154 0666 0.425 336/233 49/36 0.060 0814

Baseline characteristics were compared between different arterial blood pressure groups. * P<0.05 ** P<0.01 vs. Normotension. Using x?or Fisher’s
exact test (where *** an expected cell count was <5) for categorical variables and unpaired Student’s ¢ test for continuous variables. In the testing,
a Pvalue <0.05 was considered to be statistically significant. SUA — Serum uric acid; BMI — body mass index; FBG — fasting blood glucose; HDL —

high density lipoprotein; LDL — low density lipoprotein; TC — Total cholesterol; TG — Triglyceride;SBP — systolic blood pressure; DBP — Diastolic blood

pressure.

Table 3. Association between sleep and odds of hypertension.

Hypertension Systolic hypertension Diastolic hypertension
Characteristics  ypagjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
(95% (1) (95% Q1) (95% 1) (95% () (95% (1) (95% 1)
Sleep quality
Well 0.963 (0.654—1.417) 0.963 (0.597—-1.481) 0.968 (0.674—1.497) 0.976 (0.615—1.541) 0.917 (0.589—1.324) 0.901 (0.571-1.248)
Fairly 1.008 (0.623—1.632) 0.806 (0.457—1.422) 1.013 (0.644—1.658) 1.006 (0.636—1.358) 0.867 (0.545—1.382) 0.896 (0.512—1.541)
Poor 1.000 (reference) ~ 1.000 (reference) ~ 1.000 (reference) ~ 1.000 (reference) ~ 1.000 (reference)  1.000 (reference)

OR — odds ratio. Unadjusted: Wald Chi-square test with df=1 was used; Adjusted multiple logistic regression was used to adjust for covariates,
adjustment made with the followings: age, blood pressure, body mass index, blood glucose level, smoking habit, alcohol consumption, tea

consumption, exercise.

or with the risk of hypertension among children [26], ado-
lescents [23], and adults (aged 60 years or younger) [11,27].
However, many previous studies showed that there was no
association of sleep quality with arterial blood pressure in
the elderly aged 60 years or older [28-30]. In the previous
studies, participants were all less than 90 years of age. In our
study, participants were all aged 90-108 years. Our finding

provided the evidence from very elderly subjects and ex-
tended this association of sleep quality with arterial blood
pressure to very elderly people. Combining the results of
previous studies and our finding in the present study, we
should conclude here that the association between sleep
quality and arterial blood pressure changed with age; that
in a population aged less than 60 years it was significant,
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but that in a population aged more than 60 years (includ-
ing general elderly aged 60 years or older and very elderly
aged 90 years or older) it was non-significant.

Progressive arterial stiffness, as a result of structural and
functional changes within the vessel wall, is a feature of ag-
ing and may precede the onset of hypertension [26-31].
Isolated systolic hypertension, defined as raised SBP but
normal DBP, is the predominant form of hypertension
in elderly people (>65 years); systolic-diastolic hyperten-
sion is not as common in this population, as DBP stabiliz-
es or even declines with advancing age [26,32-34]. In our
study, in very elderly Chinese, there were high prevalenc-
es of hypertension (57.2%), systolic hypertension (55.2%),
and isolated systolic hypertension (44.2%), and low preva-
lences of diastolic hypertension (13.0%), systolic-diastolic
hypertension (11.0%) and isolated diastolic hypertension
(2.0%). The prevalence of hypertension, systolic hyperten-
sion and isolated systolic hypertension in the present study
was higher than that in the elderly aged 60 years or older
from the previous reports, but the prevalence of diastolic
hypertension, systolic-diastolic hypertension and isolated
diastolic hypertension were lower than that in the elder-
ly aged 60 years or older from the previous reports. This
was consistent with previous findings that with advancing
age, progressive arterial stiffness results in SBP increase
and DBP decline. These indicate that systolic and diastol-
ic blood pressure has different clinical significance in the
elderly, especially in very elderly subjects. Considering
this, we further independently assessed the association
of systolic and diastolic blood pressure with sleep quality
when the data were analyzed. All the results showed that
there was no association between sleep quality and arteri-
al blood pressure (including SBP and DBP) in very elderly
subjects; this strongly confirmed the non-significant asso-
ciation between sleep quality and arterial blood pressure
in very elderly subjects.

Among children, adolescents, and general adults, the as-
sociation of sleep quality with hypertension could be ex-
plained by the following. Habitually sleep problems could
lead to the development and maintenance of hypertension
through elevated sympathetic nervous system activity, wak-
ing physical and psychosocial stressors, increased salt reten-
tion and changed exposure to raised 24-hour blood pres-
sure and heart rate. Extended exposure to these forces could
lead to the entrainment of the cardiovascular system to op-
erate at elevated pressure equilibrium through structural
adaptations such as arterial and left ventricle hypertrophic
remodeling [30]. Habitual sleep problems could also con-
tribute to hypertension by disrupting circadian rhythmicity
and autonomic balance. Dramatic alterations in these pa-
rameters in modern industrialized society are theorized to
cause the environment sensed by the brain to become met-
abolically flattened and arrhythmic, disturbing the circadi-
an rhythmicity of blood pressure in susceptible individuals
[35]. Hypertension is characterized by a disturbance in the
circadian rhythmicity of many physiological variables, such
as a shifting of the daily blood pressure profile to higher val-
ues, an increased prevalence of the non-dipping pattern, in-
creased blood pressure variability, and disturbances in the
diurnal rhythm of cardiac output [36]. Hypertensive sub-
jects have been shown to have reductions of >50% in the
3 main neuronal populations of the SCN in comparisons

between normal subjects and hypertensive subjects who
died of myocardial infarction or brain hemorrhage [37].

There was the difference between the elderly and younger
adults, children or adolescents, and there was no association
of sleep with hypertension in the elderly. The mechanism of
the difference is unclear and should be further explored,
and might be related with the following. Firstly, there was
a high mortality rate among the elderly, specifically among
the every elderly, and both sleep problem and hypertension
were related with high mortality rate. The high mortality
in the elderly more likely removed those both with sleep
problem and hypertension, and left the one or the other,
and removed the association between sleep problem and
hypertension. Secondly, degradation of arterial wall struc-
ture with age resulted in elevated arterial blood pressure, a
high risk for hypertension, and insensitivity for sympathet-
ic hormone. In the present study, there was a high preva-
lence of hypertension (57.19%) in the sample, and pro-
vide an evidence for a high prevalence of hypertension in
the elderly [26,31-34]. Activation of the sympathetic ner-
vous system is an important mechanism that links sleep dis-
orders with combined systolic and diastolic hypertension,
which is common in middle-aged hypertensive patients.
However, no mechanistic link has been identified between
sleep disorders and isolated systolic hypertension that re-
sults from age-dependent loss of arterial compliance and
accounts for nearly 60% of hypertension in elderly popu-
lations [30-35]. Thirdly, advanced age is associated with
changes in sleep architecture, with increased difficulties
in sleep initiation and maintenance. Elderly subjects, who
are often retired, also have more opportunities to take naps
during the day [36-38].

Our study had some limitations that deserve mention. First,
870 subjects aged 90 years or older volunteered for the PLAD
Study, and among these 870 volunteers only 660 were includ-
ed in the statistical analysis. There might be selection biases.
Because subjects with cancer, a history or clinical evidence
of stroke, terminal stage of physical disease such as of respi-
ratory system disease, cardiovascular disease, and kidney dis-
ease, usually have symptoms which could lead to insomnia
and being bedridden. It is difficult to measure sleep quality
of bedridden individuals. However, as our sample was from
the community, not from hospital or nursing home, the in-
formation from them (excluded from the sample) might be
unable to influence the practical implications of the present
study. Second, because of the cross-sectional nature of this
study, the subjects might change their diets and the condi-
tions related to elevated hypertension and habits of sleep.
However, the lifestyles, habits of sleep and food habits of the
nonagenarians/centenarians were relatively stable and sim-
ilar. Third, since this was a part of the PLAD, there might
be a survival bias. However, this is inherent in any study of
individuals of this age group. Finally, we did not adjust for
other potential confounding factors, such as socio-econom-
ic status and family history of sleep disorders.

CONCLUSIONS

To our knowledge, this is the first study to demonstrate the
association between sleep quality and arterial blood pres-
sure in long-lived subjects, but the association was non-sig-
nificant. This is different from that in children, adolescents,
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and general adult (60 years or younger), and is similar with
that in the general elderly (60 years or more). In very elder-
ly Chinese, there was high prevalence of hypertension, espe-
cially systolic hypertension and isolated systolic hypertension.
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