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Aim: Data for long-term trends in blood pressures, body mass index (BMI), and their relations are
needed to set future intervention priorities for prevention of cardiovascular disease. The objective of
this study was to investigate these trends revealed by repeated cross-sectional surveys conducted from
1963 to 2013 in a Japanese community.

Methods: Men and women aged 40-79 years who participated in annual cardiovascular checkups
were enrolled, and the number of participants ranged between 1,776 and 2,366 with consistently
high participation rates for both sexes aged 60—69 years. Sex- and age-specific mean systolic and dia-
stolic blood pressures were calculated using mixed effects modeling for repeated measurement, and
the prevalence of hypertension with and without obesity (BMI 2 25 kg/m?) were also calculated.
Results: Sex- and age-specific mean systolic and diastolic blood pressures declined irrespective of anti-
hypertensive medication use in both men and women from 1963-1966 to 2009-2013, while mean
BMI increased among men of all ages and women of ages 60—69 and 70-79 years. For both sexes
aged 60-69 years, the prevalence of hypertension with obesity increased, but the prevalence of hyper-
tension without obesity was still higher that with obesity.

Conclusions: Despite the transition to increased BMI levels, targeting non to obese hypertension
remains important in addition to targeting obese hypertension for cardiovascular disease prevention.
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the growing and aging global population rose from
600 million in 1980 to nearly 1 billion in 2008?.
Since elevated blood pressure, a major risk factor for
stroke and coronary heart disease, is highly preva-
lent®, the population attributable fraction (PAF) of
hypertension for cardiovascular disease is as high as
60% in Asian countries®. Similarly, body mass index
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(BMI) levels have increased worldwide”. In 2008, the
prevalence of obesity (BMI > 25 kg/m?) was 34% for
men and 35% for women aged >20 years in the
world”. Overweight or obesity is a major risk factor
for hypertension and coronary heart disease® .
Increased BMI leads to increased cardiac output and
peripheral vascular resistance, insulin resistance, sub-
stances released from adipocytes, increased sympa-
thetic nervous system response, and obstructive type
of sleep apnea'®'¥.

Worldwide, the increasing trend in BMI may
have had an impact on trends in blood pressure levels
and on the prevalence of hypertension. However, in
Japan, where the prevalence of obesity has been low”,
the impact has not been well elucidated. Data on
long-term trends in blood pressures, BMI, and their
relations are useful to build future intervention priori-
ties for the prevention of cardiovascular disease in
Japan and other countries where the prevalence of
obesity is low.

Aim
The objectives of this study were to investigate
the longer-term trends for blood pressure, BMI, and
their relations revealed by repeated cross-sectional sur-

veys conducted from 1963 to 2013 in a Japanese com-
munity.

Methods

Study Population

The Circulatory Risk in Community Study
(CIRCS) is an ongoing dynamic cohort study that was
started in Ikawa in 1963. Ikawa is a rural community
of Akita prefecture, 550 km northeast of Tokyo. It
covers an area of 48 km?, and its total census popula-
tion was 7,030 in 1965 and 5,493 in 2010.

Non-institutionalized residents aged >40 years
in Tkawa were invited to undergo annual cardiovascu-
lar surveys and follow-up surveillance for the develop-
ment of cardiovascular disease and stroke events.
Details of the study methods have been previously
reported'>!7). Participation rates for the annual check-
ups are displayed in Table 1. Participants aged 40-79
years were enrolled to investigate the long-term trends
for BMI and blood pressure levels.

Consent was implied by the participation in
health checkups under a community-based program
for stroke prevention and was approved by the munic-
ipal government and local physicians™ association”.
The study was also approved by the ethics committees
of the Osaka Centre for Cancer and Cardiovascular
Disease Prevention, the University of Tsukuba, and

Osaka University.

Bp Status at Baseline and at Follow-Up

Systolic and fifth-phase diastolic pressures in the
right arm were measured by trained physicians using
standard mercury sphygmomanometers with 14 x
51-cm cuffs according to the standard epidemiological
method. Participants were seated and had rested for 5
min before the measurement. From 1963 to 1980, the
blood pressure measurement was repeated after five
deep breaths when systolic blood pressure > 160
mmHg or diastolic blood pressure > 95 mmHg; from
1981 to 2007, when systolic blood pressure > 140
mmHg or diastolic blood pressure > 90 mmHg; and
from 2008 to 2013, when systolic blood pressure >
130 mmHg or diastolic blood pressure > 85 mmHg.
To standardize the conditions, we used the first read-
ing for the analyses. We defined hypertension as those
with systolic blood pressure > 140 mmHg and/or dia-
stolic blood pressure > 90 mmHg and/or taking anti-
hypertensive medication. Controlled hypertension
were persons under antihypertensive medication with
systolic blood pressure <140 mmHg and diastolic
blood pressure <90 mmHg. BMI was calculated by
dividing weight in kilograms by height in meters
squared, and BMI > 25 kg/m? was considered obese.

The health checkups were performed every year
and offered free of charge to all residents aged > 40
years. From 1963, we conducted face-to-face inter-
views based on the CIRCS questionnaire related to
participants’ health conditions and dietary habits?.
From 1975, we asked about smoking habits and usual
daily alcohol intake (g/day).

Statistical Analysis

Sex-specific and age-adjusted mean systolic and
diastolic blood pressure levels were calculated accord-
ing to 11 periods (4-5 years for each period). We also
calculated mean systolic and diastolic blood pressure
levels according to antihypertensive medication use or
not. When persons participated in annual cardiovas-
cular risk surveys twice or more in each period, data in
the earliest year were used. The significance of trends
for blood pressure and BMI variables was examined
using mixed effects modeling for repeated measure-
ment adjusting for age, with the 11 periods repre-
sented as median year'. The repeated analysis was
conducted because approximately 80% of the partici-
pants appeared in the next survey period.

All statistical analyses were performed using SAS
for Windows version 9.4 (SAS Institute, Inc., Cary,
NC, USA) for the analyses. All probability values for
statistical tests were two-tailed, and values <0.05 were
regarded as statistically significant.
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Table 1. Sex- and age-specific number of residents, participants and participation rates from 1963-66 to 2009-13

1963-66 1972-75 1976-79 1980-83 1984-87 1988-91 1992-95 1996-99 2000-03 2004-08 2009-13

Men
40-49
Residents (7)* 362 479 461
Participants () 286 356 334
Participation rates (%) 79.0 74.3 72.5
50-59
Residents (n) 335 314 356
Participants () 279 249 265
Participation rates (%) 83.3 79.3 74.4
60-69
Residents () * 215 270 265
Participants () 199 222 199
Participation rates (%) 92.6 82.2 75.2
70-79
Residents (1) * 80 144 150
Participants () 53 91 82
Participation rates (%) 66.3 63.2 54.8
Women
40-49
Residents (1) 456 497 487
Participants () 399 471 381
Participation rates (%) 87.5 94.8 78.2
50-59
Residents (n)* 354 419 446
Participants () 325 363 345
Participation rates (%) 91.8 86.6 77 .4
60-69
Residents (1) * 244 312 330
Participants () 229 260 261
Participation rates (%) 93.9 83.3 79.1
70-79
Residents (1) * 101 188 191
Participants () 76 89 109
Participation rates (%) 75.2 47.3 57.2

443
283
63.9

398
324
81.4

259
216
83.4

155
107
69.0

477
365
76.5

472
404
85.6

348
302
86.8

193
143
74.1

403 467 496 458 420 331 304
299 255 208 192 135 97 89
74.2 54.6 41.9 41.9 32.1 29.3 29.3
456 440 406 432 458 501 425
361 321 265 202 221 225 167
79.2 73.0 65.3 46.8 48.3 44.9 39.3
278 361 423 420 416 359 421
240 257 278 326 294 264 295
86.3 71.2 65.7 77.7 70.7 73.5 70.1
185 204 219 244 268 332 330
126 137 135 150 189 201 199
68.1 67.2 61.6 61.6 70.5 60.5 60.3
453 483 494 459 423 352 298
395 309 272 272 210 152 128
87.2 64.0 55.1 59.3 49.6 43.2 43.0
484 483 445 460.5 476 485 410
451 403 363 342 345 314 264
93.2 83.4 81.6 74.3 72.5 64.7 64.4
378 442 476 476.5 477 434 465
336 367 382 416 383 355 357
88.9 83.0 80.3 87.3 80.3 81.8 76.8
247 293 347 389 431 466 448
158 145 180 223 259 281 277
64.0 49.5 51.9 57.3 60.1 60.3 61.8

*Census populations in 1965, 1975, 1980, 1985, 1990, 1995, 2000, 2005, and 2010, respectively.

Results

The number of men and women aged 40-79
years who participated in health checkups were 1,846
in 1963-1966, 2,101 in 1972-1975, 1,976 in 1976~
1979, 2,144 in 1980-1983, 2,366 in 1984-1987,
2,194 in 1988-1991, 2,083 in 1992-95, 2,123 in
1996-1999, 2,036 in 2000-2003, 1,889 in 2004—
2008 and 1,776 in 2009-2013 (Table 1). Participa-
tion rates were consistently high (= 60%) for men
aged 60—69 and 70-79 years and for women aged
50—59 and 60-69 years. Therefore, the results for men
and women aged 60-69 years were regarded as the
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primary finding for long-term trends.

Downward trends of mean systolic and diastolic
blood pressure levels were observed for men and
women of all age groups, except for men aged 70-79
years in diastolic blood pressure from 1963-1966 to
2009-2013 (Table 2 and Fig.1). These blood pres-
sure declines were observed for persons without anti-
hypertensive medication use as well as those with it
(Table 2). The prevalence of antihypertensive medica-
tion use increased from 8.5% in 1963-1966 to 47.2%
in 1976-1979 for men and from 8.7% to 42.2% for
women, and thereafter along with downward trends
for blood pressure levels, it declined to 38.0% for men



50-year Trends for BP and BMI

Table 2. Sex- and age-specific means and prevalence or proportions of cardiovascular risk characteristics from 1963-66 to 2009-13

1963-  1972-  1976- 1980- 1984- 1988- 1992- 1996- 2000-  2004-  2009-  pfor
06 75 79 83 87 91 95 99 03 08 13 trend

Men
40-49
Systolic blood pressure, mmHg 142 139™% 134%™ 1327 1330 134 1337 1317 132" 130" 126" <0.001
With antihypertensive medication use 178 154™% 149" 147°F 150" 145" 148" 152 146™ 128" 130" <0.001
Without antihypertensive medication use 140 138% 133" 130T 132" 133 1™t 1307 1317 129™ 1277 <0.001
Diastolic blood pressure, nmHg 85 86 85 84 86 84 85 85 87" 85 85 0.65
With antihypertensive medication use 105 94™ 92" 94" 95 92" 94" 96 94*  90™ 90" 0.07
Without antihypertensive medication use 84 86" 84 83 85 84 85 85 87" 85 85 0.30
Antihypertensive medication use®, % 39 90 93 134 90 90" 67 78 104 83 124% 005
Controlledhypertensionundermedicationb’c,% 00 156 194 263" 259 304 71200 286 625" 546" 0.002
Hypertension’, % 518 500 452 428%™ 425" 388 356" 443 496 443 461 0.05
Body mass index, kg/m? 28 231 2357 234" 233" 236" 23677 239" 243" 246 2477 <0.001
Obesity (BMI > 25)%, % 125 185 213%™ 27.6™% 284 282% 322" 333" 289™* 381 L7 <0.001
50-59
Systolic blood pressure, mmHg 150 145%F 141%7F 1387 139" 1387 138 1357 138" 130" 129" <0.001
With antihypertensive medication use 168 157 156*F 145" 147 1467 149 1487 1457 138" 1347 <0.001
Without antihypertensive medication use 148 143" 1377 1377 138™F 138™F 136" 133 1387 129™* 128" <0.001
Diastolic blood pressure, nmHg 88 &7 87 8T gt g5 8T 87 89 3™ 83" <0.001
With antihypertensive medication use 100 90™* 94" g9**F92™ g9™* 9™ 9p**  93* g7 g7t <0.001
Without antihypertensive medication use 87 &7 85" 84*** g5 84 84™* g6 88 82" 83" <0.001
Antihypertensive medication use®, % 8.2 217 253" 259" 183" 1717 189" 173" 163" 2317 2817 <0.001
Controlledhypertensionundermedicationb’c,% 13.0 13.0 7.5 36.9% 364" 327 240 343 22 404" 51.1%* <0.001
Hypertension®, % 6.1 651  555% 568 513% 502%  50.6° 4757 570 489" 533 0.003
Body mass index, kg/m? 224 228% 2307 23.0% 2307 234™% 2347 238 24.0™F 2417 2427 <0.001
Obesity (BMI 2 25)% % 167 177 181 195 186%  27.1% 2647 386" 37.17%F 369" 383" <0.001
60-69
Systolic blood pressure, mmHg 160 156" 149™% 143%™ 1417 145 140" 139 1397 134" 132" <0.001
With antihypertensive medication use 179 163" 157%%F 150 146™F 152" 1447 1477 1457 138" 136" <0.001
Without antihypertensive medication use 158 153%  145%FF 1417 139™F 1437 139%F 137 1377 1337 130%F <0.001
Diastolic blood pressure, mmHg 89 87 85 4™ g3t g4 3T g™ g5t g0ttt 80" <0.001
With antihypertensive medication use 97 90" 88" g7 g5t g7 g3t g7t g6ttt 80"t 81™*" <0.001
Without antihypertensive medication use 88 8% 83MF @M g™t g g™t g3t g™t g0™* 80" <0.001
Antihypertensive medication use®, % 8.5 36.0™% 4727 4127 338" 36.6™* 32.4™* 328" 3277 352" 3807 <0.001
Controlled hypertension under medication™ <, % 5.9 88 170 270 346% 277 4LI™ 346%  354% 559" 563*** <0.001
Hypertension, % 769 793 769  67.6" 6177 669" 640" 586 643" 58.0™* 60.0"** <0.001
Body mass index, kg/m’ 22 22 265 24 24 228" 277 233 2377 2377 240" <0.001
Obesity (BMI 2 25)% % 106 122 202% 167 179" 22.2%F 199" 242" 340 29.6™* 36.6 <0.001
70-79
Systolic blood pressure, mmHg 168 161°%% 156™% 150™ 146™% 148™* 143" 1447 1427 138" 133" <0.001
With antihypertensive medication use 183 168 162 154% 149" 152" 149 147F 146" 143" 137 <0.001
Without antihypertensive medication use 167 1528 152" 145 143" 1457 138™F 140™ 1387 1347 129" <0.001
Diastolic blood pressure, mmHg 87 84 85 82" g0™* g2t eIt @™ g™t 78t 77t <0.001
With antihypertensive medication use 97 88 88 84 80* 82 82t 81t & 79t 77 <0001
Without antihypertensive medication use 87 80*F &2f  80M™* 79M* g1** g™ @™ 1™t 7/ 77 <0001
Antihypertensive medication use®, % 3.8 50.65 56.1F 542" 50.0%* 46.0 48.9™F 4077 45.0™* 4637 513" 0.007
Controlled hypertension under medication™ < % 0.0 65 17.4 22.4 33.3 30.2 39.4 31.2 34.1 37.6 52.9 <0.001
Hypertension®, % 887 868 878 813 770 752 667 70.7%" 6467 632" 658" <0.001
Body mass index, kg/m’ 218 220 224 218 219 222 223 229 232" 23.0™* 233 <0.001
Obesity (BMI > 25)%, % 133 133 173 160 135 204%F 193% 240" 196" 264 251 002
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(Cont Table 2)
1963-  1972- 1976~ 1980- 1984-  1988-  1992- 1996-  2000- 2004- 2009-  pfor
6 75 79 83 87 91 95 99 03 08 13 wend
Women
40-49
Systolic blood pressure, mmHg 1331317 126" 126 1277 129" 126" 1267 1237 1217 120 <0.001
With antihypertensive medication use 172160 145" 1477 149 157F 150" 146™F 1427 139™F 133" <0.001
Without antihypertensive medication use 132 129" 126" 125™F 126™% 128 125™F 1257 1277 121" 119" <0.001
Diastolic blood pressure, mmHg 80 80 78% 77 79 79 79 79 81 76" 76" 0.01
With antihypertensive medication use 95 94 86" 89 91 95 96 88 91 85" 87 0.23
Without antihypertensive medication use 79 79 77Tt T 78 79 79 80 76" 75T 0.02
Antihypertensive medication use®, % 28 53 76% 93 56 58 48 63 43 59 63 0.17
Controlled hypertension under medication™ < % 182 8.0 414 32.4 36.4 16.7 7.7 23.5 33.3 44.4 62.5" 0.127
Hypertension’, % 336 28.0° 260" 233" 256" 307 254" 254" 238" 211" 195" 0.001
Body mass index, kg/m? 231 235" 240" 236" 237 235% 236" 235° 233 232 229 0.95
Obesity (BMI > 25)%, % 198 30.8% 31.8™* 282" 314" 278" 283% 265° 281 276" 242 0.52
50-59
Systolic blood pressure, mmHg 143140 134™F 13T 1357 35T 133 133 135% 128" 125 <0.001
With antihypertensive medication use 159 151 147°% 145%™ 145% 1467 1457 1477 149 139 1357 <0.001
Without antihypertensive medication use 142 139" 132" 133 134T 134 13t 132" 133 127" 124" <0.001
Diastolic blood pressure, nmHg 84 84 P K 81** 82" 82 84 78 770,001
With antihypertensive medication use 95 94 86" 89 91 95 96 88 91 85" 87 0.02
Without antihypertensive medication use 83 84 80™**  g0™* 81" 81" 81" 82 83 78" 77 <0.001
Antihypertensive medication use®, % 6.5 143" 226™% 240" 1737 164™F 146" 126" 1547 156" 133" 013
Controlled hypertension under medication®<, % 238 192 295 381 397 364 245 233 170  449° 7™ 001
Hypertension®, % 520 526 458" 47.0 470 452 39.9™% 392" 426 369" 292" <.0001
Body mass index, kg/m? 230 237 2447 2407 2407 2447 2407 2437 2435 2417 238" 0.005
Obesity (BMI 2 25)% % 23,6 3427 3777 38.9% 38.8™ 403" 344 380 325 328" 314F 017
60-69
Systolic blood pressure, nmHg 155 151% 143" 1427 142M 142" 13T 139 140™ 135 132" <0.001
With antihypertensive medication use 177 167 154%F 148™% 147 1477 145%F 1477 1477 139" 135 <0.001
Without antihypertensive medication use 153 145" 139%%F 139" 140™* 140""* 135 136" 138" 133" 132" <0.001
Diastolic blood pressure, mmHg 8 85 CE R RS, VARAY: ) RN ) RS/ AY. M/ S F SR (X1 1]}
With antihypertensive medication use 93 89 86 g7 g7t gyt g7 89T gpf gt g™ <0.001
Without antihypertensive medication use 86 83" 80™* 0™ gI* 79t g9t g™t g3ttt g7t 78t <0.001
Antihypertensive medication use?, % 87 346 4227 35.4™* 298" 324™F 3517 3177 329" 293" 317 <0.001
Controlled hypertension under medication™ <, % 5.0 7.8 218 43.0%** 350" 37.8" 388™ 273% 341%™ 519" 602*** <0.001
Hypertension, % 677 681 648  6LG* 613 60.0" 568" 57.0"* 611 527 53.8™* <0.001
Body mass index, kg/m’ 2.1 237% 2417 239" 24.0™F 243" 2417 248 250" 24,6 2457 <0.001
Obesity (BMI > 25)°, % 235 317 419" 37.9% 376" 4097 362%F 469" 4527*F 358%™ 350 0.001
70-79
Systolic blood pressure, mmHg 165 157" 152" 148™F 145 148" 1437 1417 1417 1417 138" <0.001
With antihypertensive medication use 176 161% 158" 155%F 149™F 149" 147°%F 145%FF 1477 143 139" <0.001
Without antihypertensive medication use 163 154° 145" 140" 141" 1467 140" 138™F 1377 139™ 1377 <0.001
Diastolic blood pressure, mmHg 88 83 g go*HF go*F 7gMr ggtr g ggRHE gt 25 0,001
With antihypertensive medication use 8 87 84 82 81 78" 79 78" 80 76" 75 <0.001
Without antihypertensive medication use 88 8IM 79T gt 7gTr o ggtr g7t gt g9t ggt 75t <0001
Antihypertensive medication use®, % 118 494%™ 69.7°*" 55.9™% 532%* 43,5 4177 47.07*F 4707 5557 50" 0.003
Controlled hypertension under medication®<, % 222 9.1 184 250 321 349 400" 410 344 397 514 <0001
Hypertension’, % 803 888 862 755 760 786 6567 682° 672° 747 726 0.002
Body mass index, kg/m? 233 233 236 236 236 243" 239 244%™ 245" 244" 242 0.003
Obesity (BMI 2 25)°, % 20 348 333 338 335 421% 389 40.1% 409" 420" 388"  0.001
Test of differences from the 1963-66 values: “p<0.05, **p<0.01, ***»<0.001

*Prevalence: the denominator is the participants of each sex- and age-specific group, Proportion: the denominator is the hyperteinsive persons of each sex- and age-specific group,
“The proportion of controlled hypertension under medication among hypertensive persons aged 40-49 and 50-59 years fluctuated because of the small number of persons who took
antihypertensive medication, ¢ Systolic blood pressure > 140 mmHg and/or diastolic blood pressure 90 mmHg and/or antihypertensive medication use
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Fig.1. Mean systolic and diastolic blood pressure levels for men and women

aged 60—69 years between 1963-1966 and 2009-2013

The I bars indicate 95% confidence intervals.
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Fig.2. Mean body mass index for men and women aged 60—69 years between

1963-1966 and 2009-2013

The I bars indicate 95% confidence intervals.

and to 31.7% for women in 2009-2013. The propor-
tion of hypertension controlled under antihyperten-
sive medication among hypertensive persons increased
from 5.9% in 1963-1966 to 56.3% in 2009-2013 for
men and from 5.0% to 60.2% for women. The preva-
lence of hypertension declined from 76.9% in 1963—
1966 to 60.0% in 2009-2013 for men and from
67.7% to 53.8% for women.

Age-adjusted mean values of BMI and prevalence
of obesity increased for men and women of all age
groups, except for women aged 40—49 years (Table 2).
Mean BMI increased from 22.2 kg/m?* in 1963-1966
to 24.0 kg/m? in 2009-2013 for men aged 60-69 and

from 23.1 kg/m? in 1963-1966 to 25.0 kg/m? in
2000-2003 for women aged 60-69, and thereafter,
declined to 24.5 kg/m?* for women in 2009-2013
(Table 2 and Fig.2). When adjusted for BMI as well
as age, the declining trend for mean diastolic blood
pressure was somewhat enhanced for men aged 40—49
years, but otherwise, no substantial changes were
observed (data not shown).

Table 3 and Fig. 3 show the sex- and age-specific
prevalence of hypertension with and without obesity
for men and women from 1963-1966 to 2009-2013.
The prevalence of hypertension with obesity increased
from 10.5% in 1963-1966 to 23.1% in 2009-2013
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Table 3. Sex and age-specific prevalence of hypertension with and without obesity from 1963-66 to 2009-13

1963- 1972- 1976- 1980- 1984- 1988- 1992- 1996- 2000- 2004- 2009- P for
66 75 79 83 87 91 95 99 03 08 13 trend
Men
40-49
Hypertension with obesity, % 53 11.0%  13.8™% 14.8™" 17.1%%" 129" 16.4™" 19.8"*" 17.8"*" 175" 270  <0.001
Hypertension without obesity, % 429 39.0%  31.4™** 279" 25.4™* 259 192 245" 319" 26.8"** 19.1"*" <0.001
50-59
Hypertension with obesity, % 123 125 117 133 133% 175" 155" 233" 262" 21.8"F 246" <0.001
Hypertension without obesity, %~ 49.3  52.6  43.6 435  38.0% 327" 35.1%" 243" 30.8™" 27.1""" 28.7%*" <0.001
60-69
Hypertension with obesity, % 105 108 186" 116 138" 163% 133  17.8™ 255" 21.6"* 2317 <0.001
Hypertension without obesity, % 653 685  57.7° 560  483% 50.6° 507  40.8* 38.8*" 364 373" <0.001
70-79
Hypertension with obesity, % 87 133 133 142 119  175%  148% 187" 143" 19.9"" 21.1™* <0.001
Hypertension without obesity, % 783 733 733 670 651  57.7% 51.9% 520 50.3%" 43.3%" 447" <0.001
Women
40-49
Hypertension with obesity, % 7.9 130" 118 11,0 1177 123 121% 125" 10.0° 105%F 109 0.02
Hypertension without obesity, %~ 22.8  15.1°%" 142%** 123" 139" 185  132% 129 138% 112" 86" 0.02
50-59
Hypertension with obesity, % 142 24.8%™ 23.0™% 23.5%%" 22.4™* 209 17,9 23.1™* 20.6""* 19.4™* 13.6"**  0.001
Hypertension without obesity, %~ 36.4  27.8*** 225 235" 24.6™* 241" 22.0™ 161" 22.0™" 175" 155" 0.001
60-69
Hypertension with obesity, % 18.8 247 333%™ 295" 29.0%" 286" 24.7%F 29.8™* 30.8"** 25.1"* 250"  <0.001
Hypertension without obesity, %~ 47.3 432 29.7°% 32.1%% 322%% 313%™ 320 27.2%" 303" 27.6"* 287" <0.001
70-79
Hypertension with obesity, % 156 326 319 268" 285 372" 294" 306" 317" 349" 323" 0.003
Hypertension without obesity, % 60.9 562 521 486" 475 41.4™F 361%F 374 355" 399" 40.2% 0.003
*Test of differences from the 1963-66 values: *p< 0.05, **p< 0.01, ***]7< 0.001
%
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Fig.3. Trends in the prevalence of hypertension with and without obesity for men and women aged
60-69 years between 1963-1966 and 2009-2013

Hypertension is shown as colored, and non-hypertension is shown as dotted.

524



50-year Trends for BP and BMI

for men aged 60—69 years and from 18.8% to 25.0%
for women aged 60-69 years. The corresponding
prevalence of hypertension without obesity for ages
60-69 years decreased from 65.3% to 37.3% for men
and from 47.3% to 28.7% for women, but it was
mostly higher than that of hypertension with obesity
over time.

Discussion

The present study showed a substantial and con-
sistent decline in systolic blood pressure levels, while
BMI levels increased and correspondingly prevalence
of hypertension with obesity increased over the past
50 years for both men and women in a Japanese rural
community. The prevalence of hypertension with obe-
sity increased for both sexes of all age groups, but the
prevalence of hypertension without obesity still over-
whelmed that with obesity for men and women aged
60—69 years and other age groups except for ages of
40-49 years in 2009-2013. The previous study using
Japanese national data showed that the prevalence of
obesity increased in men and remained stable in
women, and the odd ratio of hypertension associated
with obesity increased from 1.94 in 1980 to 2.82 in
2010 for men and from 2.37 to 3.48 for women'?. In
that study population aged 30-79 years, the PAF
increased from 14.6% in 1980 to 39.3% in 2010 for
men, and from 23.9% to 34.8% for women. The PAF
estimated in the present study population aged 40-79
years was 12.6% in 1980-1983 and 24.4% in 2009—
2013 for men, and 36.7% and 40.1% for women?.
Although hypertension attributable to obesity
increased overtime, there remained a large fraction of
hypertension attributable to non-obesity.

Long-term blood pressure trends were reported
from Japanese, Finnish, and US studies. According to
the National Health and Nutrition Survey in Japan®"??,
mean systolic and diastolic blood pressures for men
and women aged 60—69 years declined between 1961
and 2010. Mean BMI increased from 22.0 kg/m? in
1976-1980 to 23.7 kg/m* in 2011 for men aged
60—69 years, whereas for women, it did not change:
23.0 kg/m* and 22.9 kg/m? for 1976-1980 and 2011,
respectively?”. As shown in Supplementary Fig.1,
the prevalence of obesity increased from 16.0% in
1976-1980 to 31.0 % in 2011 for men aged 60-69
years, but it decreased from 27.2% to 24.0% for
women.

A 35-year population survey in the province of
North Karelia in Finland showed that both mean sys-
tolic and diastolic blood pressure levels for men and
women aged 30-59 years declined between 1972 and
2002, but plateaued between 2002 and 2007%%. For

men, mean BMI continuously increased from 26.0
kg/m? in 1972 to 27.1 kg/m? in 2002 and to 27.4 kg/m*
in 2007, whereas for women, it did not change: 26.8,
26.8, and 26.6 kg/m? for 1972, 2002, and 2007,
respectively?. As shown in Supplementary Fig.1,
the corresponding prevalence of obesity was 57%,
68%, and 70% for men, and 61%, 54%, and 54% for
women.

The National Health and Nutrition Examination
Survey (NHANES) in the United States®*?” indicated
that mean systolic and diastolic blood pressure for
individuals aged 18-74 years decreased between
1960-1962 and 2001-2008 (age > 18 in 2001-2008)
for men and women. As shown in Supplementary
Fig.1, the prevalence of obesity increased from 50%
in 1960-1962 to 61% in 1988-1994 and to 73% in
2009-2012 for men, and from 40% to 51% and to
65%, respectively, for women?®.

The declining trend in systolic blood pressure
levels were commonly observed among men and
women of Japanese, Finnish, and US samples. The
improvement of hypertension treatment and the
reduction of salt consumption may have favored the
change in blood pressure in these countries. Other
dietary factors which contributed to the systolic blood
pressure decline?” for Japanese may include increased
intakes of fresh fruits, vegetables, and dairy prod-
ucts®”. The prevalence of obesity was much lower in
Japanese than in Finnish and Americans (Supplemen-
tary Fig.1). Globally, people in countries of east,
southeast, and south Asia and central Africa are less
obese®" and have high risk of mortality from stroke??.
Lean hypertensives had the greater risk of mortality
from cardiovascular disease than obese hypertensives® 3.
Therefore, the prevention and control for hyperten-
sion may be also important in countries with less
obese populations.

The strengths of this study are its investigation of
long-term time trends and the high response rates
among men and women aged 60—69 years in addition
to among men aged 70-79 years and women aged
50—59 years. To the best of our knowledge, no other
population-based study has been conducted to investi-
gate long-term trends for the relations between blood
pressures and BMI.

The limitations of the study warrant discussion.
First, we did not have individual information on salt
intake, which is a major determinant of blood pressure
levels. According to our nutrition survey of a subsam-
ple of the present study®, mean salt intake decreased
from 20 g/day in the 1960s to 14 g/day in the 1980s
for men aged 40-59 years. The large decline in the
prevalence of hypertension without obesity may be
partly explained by this reduction in salt intake,
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although this was not directly shown here because of
the subsample nutrition survey. Second, this study was
performed in one rural community in Japan, and the
participation rates were not high enough for men aged
40-59 years, nor for women aged 40—49 years in the
1990’s and thereafter. Therefore, caution should be
taken in applying our findings to other Japanese pop-
ulations. However, comparing our results with Japa-
nese national survey (National Health and Nutrition
Survey), we found similar trends in blood pressure lev-
els in the general Japanese population, although the
prevalence of obesity among women was higher by 5
to 23 point in the present study than in the national
sample?" ?2. Third, because we used the first reading
of blood pressure measurement to analyze the data
consistently through 50 years, blood pressure levels
may be overestimated compared with usual values.
However, when we used the second reading, if the first
reading was high, the prevalence of hypertension did
not change materially: the difference=-0.3% to
0.0%. Lastly, hypertensive persons can move from
non-obese in one survey to obese in another or vice
versa. However, the percentage for the shift to the
other category between one to the next periods was
small (approximately 5%).

In conclusion, we found a substantial decline in
blood pressure levels over the past 50 years for both
men and women aged 40—79 years in a Japanese rural
community. The prevalence of hypertension without
obesity declined and that with obesity increased along
with increased BMI levels. In spite of the transition
for increased BMI levels, the targeting for non-obese
hypertension remained important in addition to the
targeting for obese hypertension in order to control of
hypertension. Our findings may be applicable to other
countries where the prevalence of hypertension is high
and that of obesity is low.
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