High blood pressure in middle age is associated with a future decline in activities of daily living.
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Abstract

Although several studies have reported on the relation between high blood pressure (BP) and impaired
activities of daily living (ADL), only a few studies have reported on the relation of high BP in middle-aged
subjects with future impaired ADL. Furthermore, no studies reported an excess impaired ADL due to
non-normal BP. Using ADL 1999 data, we compared data from NIPPON DATAS0 survivors without
impaired ADL (N=1816) with those with impaired ADL (N=75) using baseline BP information collected in
1980. We analyzed participants who were aged 47-69 years at baseline. Multiple adjusted logistic
regression analyses were used to estimate the risk of impaired ADL according to baseline BP categories
using Joint National Committee 7 guidelines (normal BP, prehypertension, stage 1 hypertension (HT),
and stage 2 HT). Subjects who used antihypertensive medications were classified as having stage 2 HT.
We calculated excess impaired ADL due to non'normal BP. Compared with normal BP categories, the
adjusted odds ratio (OR) and 95% confidence interval (CI) of having impaired ADL was higher in subjects
with prehypertension (OR=1.50, 95% CI: 0.55-4.09), stage 1 HT (OR=1.56, 95% CI: 0.56-4.32), and stage 2
HT (OR=2.96, 95% CI: 1.09-8.05). Non-normal BP explained 45% (33.7/75) of impaired ADL. A positive
relation of BP categones wn.h the compasn.e endpmnt of mortahty and unpa.u'ed ADL was also observed.
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INTRODUCTION

Hypertension (HT) is one of the strongest risk factors for cardiovascular disease mortality and all-cause
mortality (1-3). Thus, control of blood pressure (BP) can increase lifespan. As the proportion of elderly
people increases, the importance of preventing physical dysfunction, that is, impaired ability to perform
activities of daily living (ADL), becomes a major public health concern for older people (4).

We previously reported that the main cause of impaired ADL in Japan was stroke (4). Other studies
have shown that participants who died from stroke had a longer penad of ﬂumbxhty before death
compared with participants who died of other causes (5). : W : : :
for stroke (1-3). Therefore, HT may also be strongly assoaated wlth 1mpa1red ADL Howevar, on.ly a faw
studies have reported the relation of HT with physical dysfunction or impaired ADL (6-12). Furthermore,
these studies primarily included elderly participants (6-9). Only a few studies have examined the
relation of BP measured at middle age and future disability (11,12), and no studies have reported on the
contribution of BP to impaired ADL. Furthermore, if we combined impaired ADL and deaths together,
we can calculate the relation of BP with alive without impaired ADL.




The objective of this study was to investigate the relation between ability to perform ADL in 1999 and
baseline BP measured in 1980 among a general population of Japanese subjects aged 47-59 years taken
from NIPPON DATA80. NIPPON DATASO is a cohort study that consisted of a representative Japanese
sample who were surveyed in 1980,

METHODS
Participants and follow-up

Two cohort studies of the National Survey on Circulatory Disorders comprise the National Integrated
Project for Prospective Observation of Non‘communicable Disease and Its Trends in the Aged (NTPPON
DATA). Baseline surveys were performed in 1980 (NIPPON DATAS80) (13-18) and in 1990 (19-21).
Detailed methods of NIPPON DATA have been described previously (13, 17, 19). We analyzed the
19-year follow-up data from NIPPON DATAS0 in this study.

Baseline surveys were carried out at local public health centers, and all participants had to be capable
of reaching the examination center without assistance.
Biochemical and physical examinations

Baseline BP was measured by trained observers using a standard mercury sphygmomanometer on the
n;ht arm of seat.ed partmpanu after at leasl. 5 min of rest. Wa defined BP car.agunes as follows S_mz

i A : ; - : : heir B el. Body
mass mdex CBMZ[) was cs.lcu.latad as welght (kg) dnnded by hexght squmd (m’) Public healt.h nurses
obtained data including smoking habits, as well as current health status and medical history.
Non-fasting blood samples were separated by centrifugation within 60 min of collection in 1980 and stored
at ~70°C. Blood glucose levels were measured using the cupric'neocuproine method, and the values were
adjusted by using the formula ([0.047x(glucose concentration in mg/dD]-0.541) to obtain the
approximate value measured by the hexckinase method, which gives levels in mmol/L (18). Diabetes was
defined as casual blood glucose level of 11.1 mmol/L or self-reported diabetes (18). Serum albumin and
total cholesterol levels were measured using a sequential autoanalyzer (SMA12/60; Technicon, Tarrytown,
USA) using bromocresol-green staining for albumin and the Lieberman-Burchard direct method for total
cholesterol at a specific laboratory (presently the Osaka Medical Center for Health Science and
Promotion).

ADL survey

The NIPPON DATA studies performed follow'up ADL surveys in 1994 (4) and 1999. In this study, we
analyzed 1999 data because we wanted to examine the effect of high BP in middle-aged subjects on future
ADL decline. The 1999 ADL survey was done in subjects aged > 65 years at that time. Participants aged
45 and younger were not surveyed and some of participants aged 46 were not surveyed. Furthermore,
because we wanted to study the effect of high BP in middle-aged subjects, we limited the upper age of
subjects in this study to those younger than 60 years at baseline,

We asked 300 Public Health Centers to participate in the 1999 ADL survey, and 249 of them agreed. In
these areas, 2724 parhupanw were I:etween the ages of 47 and 59 at baaahne Among them, 756 were

The remaining 2649 participants were aumyud huwmr. 385 ched and 84
moved before the ADL survey. Thus, 2180 participants were asked to respond to the ADL survey and
1891 did so (87%) (Figure 1). No significant differences were seen between responders and non-responders
for baseline age, BP values, use of antihypertensive medications, body mass index, smoking status, and
albumin levels (Table 1). Non-responders had a significantly higher total cholesterol level than responders
(P <001

Participants were asked about five basic ADL items (feeding, dressing, bathing, toileting, and transfer
[walking indoors]), as modified from Katz et al. (22) and whet.her each of these items oouIcI be
accomphshad without help. w1th pa.rtml help, or wlth full help' A : a5 2 :
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interviews (10 5%) face-to-face interviews at home (80.0%), and other met.hnds (9 5%). Impaired ADLs

efine artia ; - m 3 e five basic A ems. As previously
reported (13, 17 19) we u'lanmﬁed pammpants who had d.led by computer matchmg data from Japanese
National Vital Statistics records, using area, gender, birth date, and death as key codes. We obtained
permission to use the National Vital Statistics records from the Management and Coordination Agency of
the Government of Japan. The Institutional Review Board of Shiga University of Medical Science
(NO.12-18, 2000) approved the study.

Statistical analysis

Analysis of variance for continuous variables or chi‘square tests for proportions were used to compare
baseline characteristics. The relationship between BP categories and impaired ADL was calculated
using multiple adjusted logistic regression models. The multivariable-adjusted odds ratio (OR) for
impaired ADL was adjusted for age, sex, BMI (<18.5 kg/m?, 18.5-24.9 kg/m?, >25 kg/m?), cigarette smoking
(current, ex-smoker, never smoked), dnnlung (everyday. sometnnea. ex d.n.nker. never) dmbetes. total
cholaaterul ]evel&. and albumin levels, e also a a_his

gmimmgﬂADL, Tha normal BP grcup was used as tha reference group. The OR for hsvmg mpalred
ADL was calculated using multiple logistic regression analysis. To identify the effect of BP on being alive
without impaired ADL, we also analyzed the OR for the composite outcome of impaired ADL and death
before the ADL survey (N-385) usmg mult:ple logmnc regressmn analya:a Trend tests were performed

The percentage of excess impaired ADL due to non-normal BP was calculated as follows: p * {OR -1}/OR
where p = proportion of cases exposed to the risk factor (23). All probability values were two-tailed and
all confidence interval (CIs) were estimated at the 95% level. SAS software (version 9.1, SAS Institute,
Cary, NC, USA) was used for analyses.

RESULTS

Table 2 shows the baseline characteristics of the 1891 study participants. According to the BP
categories, participants in the higher BP categories were older, and had a higher BMI, albumin level, and
total cholesterol level than those in the lower BP categories. The proportion of women was higher in the
lower BP categories.

Table 3 shows the relation of baseline BP categories to impaired ADL. The age and sex-adjusted OR of
having impaired ADL was higher in the higher BP categories. The age and sex-adjusted OR (Cls) of
prehypertension, stage 1 HT, and stage 2 HT were 1.38 (0.51-3.71), 1.49 (0.55-4.06), and 2.92 (1.11-7.67),
respectively. This trend was unchanged when we adjusted for BMI, smoking status, drinking status,
diabetes, total cholesterol levels, and albumin levels. No sex differences were observed for the relation of
BP categones and unpamad ADL (P fnr interaction = 0. 38}

From the ad]usted OR we ca.lculated the pmportlon of unpm.red ADL due to non- normal BP and 7.0, 6.8,
and 19.9 of excess impaired ADL were due to prehypertension, stage 1 HT, and stage 2 HT, respectively.
Thus, among 75 survivors with impaired ADL, non-normal BP, that is, prehypertension, stage 1 HT, and
stage 2 HT, explained 33.7 (44.9%) of impaired ADL.

To assess the relation between BP and being alive without impaired ADL, we calculated the risk of
baselme BP cawgones using the camposn.e endpmnt of lmpamad ADL and all cause deat]:l Qf_a&&

; roke ise A USes, T ively, The ORa of the compos:te
endpnmta were 1 22 (0 83 1 78) 1.13 (0.76-1. 69} a.nd 1.78 (1. 20 2] 66) for prehypertension, stage 1 HT, and
stage 2 HT, respectively (Table 4),
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DISCUSSION

This study revealed a positive correlation between high BP at middle age and impaired ADL in the
future, as well as the composite endpoint of impaired ADL and death. We found that 45% of impaired
ADL could be explained by non‘normal BP in Japanese subjects. This suggests that, among Japanese
subjects, non-normal BP in middle age is an important determinant of future impaired ADL.

There are several prospective studies reporting the relation of BP to physical performance (6-12).
However, most of these studies investigated elderly populations (6-9). Studies focusing on the relation
between BP measured at middle age and future disability are scarce (11,12). Although Pinsky et al.
investigated 2021 participants whose baseline age range was 28 to 62 years and found long-term
hypertension related to disability (10), they used “ever hypertensive,” that is, whether participants were
diagnosed with hypertension during follow-up, as a risk factor. Thus, their study could not conclude
whether BP measured at middle age could predict future disability. Reed et al. investigated physical
function among 3263 subjects with Japanese ancestry who had information from 28 vears before the
survey. The baseline age of these participants ranged from 45 to 68 years (11). They found that the
most consistent predictor of healthy aging was low BP. Guralnik et al also studied participants of
Alameda County Study who were aged 4670 years at baseline and investigated the relation of high BP
with physical function after 19 years (12). They found high BP predicted future lower levels of physical
function. These latter 2 findings were mostly consistent with our results showing that high BP at ages
47-59 predicts impaired ADL after 19 years.

It is well known that high BP is associated with a higher risk of stroke (1-3). We previously reported
the prevalence of impaired ADL and the magnitude of the association with stroke (4). Similarly, another
study in Japan showed that the duration of disability before death was longer in participants who died of
stroke than in participants who died of other reasons (5). In that study, 45% of patients who died from
stroke had more than 6 months of disability (5). These ﬁndmga are consistent wnh our results that is,
BP was stmngly related with unpa:red ADL sults s : e his g i

at s an i e g ] 3 Although Ohmon
et al also showed the nsk of long term d.mablllty was lower in pamc;pant.s who died from ischemic heart
diseases, which is strongly affected by BP, than in those who died from other causes (5), our study revealed
that, overall, higher BP levels at middle age were strongly associated with a future decline in ADL.

We found 45% of impaired ADL was explained by non-normal BP in our study. This suggests that
preventing progression of non-normal BP might yield a lower incidence of ADL decline. Because
participants of NIPPON DATAS80 included a representative Japanese general population, and the
response rate of the ADL survey was high, we believe that these rates are applicable to a general
Japanese population. However, this rate may not be applicable to other populations where mortality or
incidence rates of stroke are lower. Further studies conducted in other countries that assess the impact
of BP on impaired ADL would be of interest.

We also found that high BP was strongly associated with the composite endpoint of death and impaired
ADL. This supports the idea that preventing high BP is important not only for preventing impaired ADL
but also preventing death: that is, controlling or managing BP in middle-aged subjects may have the
potential to prolong the duration of lives without impaired ADL, thus increasing so called healthy life
expectancies (24),

There are several lunual.mns to this study Firs




’ ired ADL and death.

In conclusion, non'normal BP in middle age is a strong predictor of impaired ADL 19 years later.
Nearly half of the impaired ADL in 1999 was shown to be related to non-normal BP in 1980. Non-normal
BP also predicted the composite outcome of death and impaired ADL; that is, lower BP in middle age can
vield longer healthy life expectancies,
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Table 5
Summary

What is known about topic

®  Although several studies have reported on the relation between high blood pressure (BP) and
impaired activities of daily living (ADL), only a few studies have reported on the relation of high BP
in middle age with future impaired ADL.

®  No studies have reported an excess incidence of impaired ADL due to non-normal BP levels.

What this study adds
® BP categories measured at middle age could predict future impaired ADL and the composite

endpoint of impaired ADL and death.
®  We found that 456% of impaired ADL could be explained by non-normal BP in Japanese subjects.

Figure legend
Figure 1
Flow chart of the study participants.

N: numbers of participants.
ADL: Activities of daily living
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Figure 1

Participants aged 47-59 at baseline in 249 areas
N=2724

N=34 history of CVD at baseline
N=41 Lack of confounding factors

Study participants
N=2649

Participants who were Participants who died
alive and lived in the area || before ADL survey

Participants
who moved

before ADL survey

N=2180 N=385 N=84
Responders of Non-responders or incomplete
ADL survey response of ADL survey
N=1891 N=289
Without impaired ADL ADL decline

N=1816 N=75
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Figure 1

Participants aged 47-61 at baseline in 249 areas
N=2902

A 4

N=75  History of CVD at baseline

> N=49 Lack of confounding factors

Study participants
N=2778

v

Participants who were alive || Participants who died || Participants who

and lived in the area

before ADL survey || moved before ADL

N=2278 N=411 survey
N=89
v
Responders of ADL survey Non-responders of ADL survey
N=1944 N=334




Table 1. Baseline Characteristics of Study Population in 1980. NIPPON DATAS0, 1074 Men

and 1332 Women aged 47 to 61

Non smoker ~ Former smoker Current smoker P value*
Men
Number of participants 152 199 696
Age (year) 5297 £39 53.43£3.8 5344438 0.37
BMI (kg/m?) 23.74 £2.8 22.64 2.8 22,29 +2.7 <0.001
Serum albumin (g/dl) 4403 441+02 43703 0.08
Serum total cholesterol (mg/dl) 191.34 304 193.64 £33.7 184.28 4339 <0.001
SBP (mmHg) 140.65 £19.6 140.85 £22.1 140.47+20.3 0.97
DBP (mmHg) 87.05 £11.0 86.18£13.1  84.67%124 0.05
Prevalence of hypertensiont (%) 61.2 54.3 55.8 0.38
Current drinking (%) 71.1 70.4 77.9 0.04
Women
Number of participants 1181 28 99
Age (year) 53.66 +4.1 54.46 +4.6 54.16 4.1 031
BMI (kg/m?) 23334 23.58+3.6 2295434 0.55
Serum albumin (g/dl) 4.37+02 43402 43602 0.81
Serum total cholesterol (mg/dl) 198.16 £33.6 198.89 £30.1  198.01 £32.5 0.99
SBP (mmHg) 138.46 £20.7 140.82 £17.1 133.37£21.0 0.05
DBP (mmHg) 8245114 83£11.6  79.61==13.0 0.06
Prevalence of hypertensiont (%) 51.0 57.1 424 0.20
Current drinking (%) 14.6 214 36.4 <0.001

SBP,IN#E#A MLF; DBP,ILHERA M F.
* ST RIZIIANOVA BTES . £BEEICIIVA O-FREL V.

+AMEIL 140/90mmHg Sl EZ /- XRERERF DL O
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