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Age‑period‑cohort analysis 
of stroke mortality attributable 
to high systolic blood pressure 
in China and Japan
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Stroke is a principal cause of mortality in China and Japan. High systolic blood pressure (SBP) was 
considered a chief risk factor for stroke mortality. Herein, we evaluated temporal trends of high SBP‑
attributable stroke mortality in China and Japan between 1990 and 2017. Data on stroke mortality 
were retrieved from the Global Burden of Disease Study 2017 (GBD 2017). Using the age‑period‑cohort 
method, we computed overall net drifts, local drifts, longitudinal age curves, and cohort/period 
rate ratios (RRs) for high SBP‑attributable stroke mortality. The age‑standardized mortality rates 
(ASMRs) displayed decreasing trends for high SBP‑attributable stroke mortality. The annual net drift 
values were − 1.4% and − 3.5% in Chinese men and women versus − 3.1% and − 4.9% in Japanese men 
and women. The local drift values in both countries were < 0 among all age groups but were lower 
in women than in men. The longitudinal age curves showed a greater high SBP‑attributable stroke 
mortality in men than in women across all age groups. Similar decreasing patterns were shown in 
the period and cohort RRs in both sexes with women having a quicker decline than men. In China and 
Japan, the ASMRs, as well as the period and cohort RRs of high SBP‑attributable stroke mortality, 
decreased between 1990 and 2017 in both sexes and across all age groups. Yet, the prevalence of high 
SBP remained worrisome in both countries. Thus, SBP control should be encouraged to prevent stroke 
mortality.

High SBP has been, since 2010, at the top of the list of risk factors contributing to the global disease  burden1,2. It 
is considered, in particular, a chief risk factor for most cardiovascular diseases including stroke, and even a more 
important predictor than diastolic blood pressure, mean arterial pressure, and pulse  pressure3–5. Previous reports 
showed that up to 60% of stroke mortality worldwide could be related to high SBP of at least 110–115 mmHg 
while blood pressure control was shown to be the most effective intervention for stroke  prevention6–10. Biologi-
cally, high SBP can contribute to the increased risk of stroke mortality via inducing smooth muscle hypertrophy 
and remodeling that result in arterial wall thickness and lumen narrowing, enhancing endothelial dysfunction 
which increases vascular permeability that leads to local thrombi, and accelerating the atherosclerosis process in 
the intracerebral arteries via enhancing oxidative stress and inflammation that ends with vascular  resistance11,12.

Disease burdens on Chinese and Japanese populations are more severe compared with the global average 
levels. In China, the disease burden has been increasing over the past  decades13 with a concomitant increase in 
the age-standardized mortality rates (ASMRs) attributable to high SBP of at least 110–115 mmHg from 1232.6 to 
2334.5 per 100,000 population during the period between 1990 and  20152. In Japan, the corresponding ASMRs 
increased, however in a slower pace, from 189.1 to 227.3 per 100,000 population during the same  period2. Despite 
the stroke burden has decreased in Japan during the previous decades, this burden is expected to increase again 
due to the rapid aging of the Japanese  population14. To understand the gap in stroke burden trends between 
the two countries, it is crucial to investigate the possible role of increased SBP as a potential contributor to an 
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extra reduction in stroke burden in Japan in comparison with China. We, therefore, used data from the Global 
Burden of Disease (GBD) 2017 to investigate the differences in stroke mortality attributable to SBP of at least 
110–115 mmHg in China and Japan during the period between 1990 and 2017. Since mortality rates reflect the 
accumulation of health  risks15, we further investigated the independent impacts of age, period, and cohort on 
the long-term trends via an age-period-cohort model (APC) of estimable functions using the same data.

Methods
Global burden of disease study 2017. The GBD 2017 study evaluated risk-specific and age- and sex-
specific rates of several risk factors for mortality nationally, regionally, and globally during the period between 
1990 and  201716,17. In the GBD 2017, data on stroke mortality in China were obtained from the Chinese Center 
for Disease Control and Prevention Cause of Death Reporting System, the Disease Surveillance Points, and the 
Maternal and Child Surveillance System in the country, while data on stroke mortality in Japan were obtained 
from the Japanese Social Health Insurance  System18,19. Stroke was defined per the clinical criteria of the World 
Health  Organization20. High SBP was defined as SBP of at least 110–115  mmHg21.

Statistical analyses. In this study, an APC framework was utilized to appraise the roles of age, period, and 
cohort in high SBP-attributable stroke mortality. The age effect represented the sociodemographic and biologi-
cal factors affecting aging. The period effect reflected over-time changes affecting high SBP-attributable stroke 
mortality among all age groups such as applying preventive measures or providing new medical procedures. The 
cohort effect reflected the variations in high SBP-attributable stroke mortality across generations due to certain 
risk factors shared by each  generation22–25. APC analysis has the following functions: (1) the net drift which 
assesses the annual percentage change via calculating the overall log-linear trend by cohort and period, (2) the 
local drifts which assesses the annual percentage changes for each age group via calculating the log-linear trend 
by cohort and period, (3) the longitudinal age curves which shows the fitted longitudinal age-specific rates in 
the reference cohort adjusted for period deviations, and (4) the cohort/period rate ratios (RR) that represents 
the cohort/ period relative risk, compared to the reference one, after adjustment for age and nonlinear cohort 
and period effects.

The study of the GBD 2017 recorded the date of death, location, sex, age (progressive 5-year age groups), 
year (consecutive 5-year periods from 1990), disease causes, risk factors, metric (number and rate of cases), 
and value (upper and lower). The SBP-attributable stroke mortality was measured based on the following four 
components: the number of stroke deaths, the exposure levels for SBP, the relative risk of stroke mortality due to 
SBP, and the counterfactual level of SBP exposure. Rates of SBP-attributable stroke mortality were calculated as 
the total number of stroke deaths multiplied by the population attributable fraction (PAF) for stroke-SBP pair in 
a given year, location, sex, and age; where the PAF identifies what percentage of stroke mortality could be avoided 
in a certain year if the exposure to SBP in the past were increased to the counterfactual level of the theoretical 
minimum risk exposure level (SBP ≤ 110–115 mmHg)26. The sex-specific high SBP-attributable stroke mortality 
rates in both countries were age-standardized according to the GBD 2013 global age-standard population and 
the ASMRs were calculated by the calculation  formulas18,27. Since the period and age intervals should be fixed 
and equal in the APC tool, all individuals aged 80 years or older could not be analyzed in this study because 
they were recorded as one group only in the GBD database. SBP-attributable stroke mortality is rare below the 
age of 25 years, people aged < 25 years were also not included in the analyses. Central age groups, cohort, and 
period were defined as the reference.

The estimable functions were used to perform the APC analysis. APC Web Tool (Biostatistics Branch, 
National Cancer Institute, Bethesda, MD https:// analy sisto ols. nci. nih. gov/ apc/) was used to get the estimable 
 parameters28,29.

We compared overall net drifts, local drifts, longitudinal age curves, and cohort/period rate ratios (RRs) for 
high SBP-attributable stroke mortality in men and women of China and Japan. Wald chi-square tests were used 
to investigate the statistical significance of the estimable functions. To assess the statistical significance of the 
slopes for the period/cohort RRs, the interaction between sex and calendar year/birth cohort was assessed using 
general linear models. All statistical analyses were performed using the SAS Version 9.4 software (SAS Institute 
Inc, Cary, NC), and all statistical tests were two-tailed.

Ethical statement. This study used deidentified publicly available data from the Global Burden of Disease 
Study 2017 repository. Thus, ethical approval and an ethical statement from an institutional review board or eth-
ics committee were not required for the secondary analysis of data for China and Japan.

Results
Between 1990 and 2017, in China, the high SBP-attributable stroke mortality rate per 100,000 population declined 
from 164.7 to 108.7 in men and from 129.1 to 55.5 in women. In Japan, the corresponding rates were 63.7 and 
24.7 in men and 35.9 and 8.9 in women, respectively. The overall declining ASMR trends in China were faster 
than before the year 2000 (Fig. 1).

Throughout the period between 1990 and 2017, the annual net drift values were − 1.4% in Chinese men, 
− 3.5% in Chinese women, − 3.1% in Japanese men, and − 4.9% in Japanese women (p < 0.01 for all). In both 
countries, the local drift values were < 0 among all age groups and were lower among women compared to men. 
Yet, the sex-specific local drift curves for high SBP-attributable stroke mortality showed certain trends. In China, 
the trends were increasing in 45 years old among Chinese men and 55–79 years old among Chinese women. In 
Japan, these trends increased in both sexes before 45 years old but decreased in older ages (Figs. 2, 3).

https://analysistools.nci.nih.gov/apc/


3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:19083  | https://doi.org/10.1038/s41598-021-98072-y

www.nature.com/scientificreports/

The peak mortality rates per 100,000 person-years reached 708.0 in Chinese men, 362.6 in Chinese women, 
132.3 in Japanese men, and 39.8 in Japanese women. The high SBP-attributable stroke risk, in both countries, 
was higher among men than among women across all age groups (Fig. 4).

The period RRs among men and women showed declining trends in both countries (except for Chinese 
men in 1990–2000), with a relatively more rapid decline in women compared with men and in Japanese people 
compared with Chinese people. Despite Chinese people had lower high SBP-attributable stroke mortality than 
Japanese people during the 1990s, RRs crossed in the year 2000 before decreasing at a slower pace among Chinese 
people in comparison with Japanese people. Alike, the Chinese and Japanese cohort RRs crossed in the year 
1950, with greater high SBP-attributable stroke mortality rates before then among Japanese people, but lower 
rates afterward in comparison with Chinese people. The cohort RRs in both countries showed declining trends 
among men and women with a more significant decline in women than men across all birth cohorts (Figs. 5, 
6). The cohort and period RRs in both sexes were statistically significant whether in China or Japan (p < 0.01) in 
addition to the net and local drifts except for the local drift in Japanese men (Table 1).

Discussion
This study indicated that, between 1990 and 2017, the ASMRs and cohort/period RRs for high SBP-attributable 
stroke mortality showed declining trends among Chinese and Japanese men and women from all age groups. 
Yet, high SBP-attributable stroke mortality longitudinal age curves grew rapidly among Chinese men and women 
compared with their Japanese counterparts.

The declining trends of high SBP-attributable stroke mortality in China and Japan reflect the improvement 
of high SBP control in both countries. Such control could not have been achieved in both countries without 
the adherence of their people to healthy behaviors such as physical activity and salt restriction in addition to 
the significant signs of progress in health indicators such as healthcare coverage and advancement of the clini-
cal diagnosis and treatment technology. These factors might have contributed together to the SBP control and 
consequently the declining trends of stroke in China and  Japan30–36.

Of note, this study showed that high SBP-attributable stroke mortality was higher among men than women 
and older than younger people. Age is, by far, the topmost demographic risk factor for stroke. A prospective 
cohort study on a half million adults in China showed that SBP increased linearly with age in both sexes and was 
log-linearly associated with stroke risk. Every 10 mmHg higher of usual SBP was associated with a 30% higher 

Figure 1.  Trends of the age-standardized mortality rates (ASMR) per 100 000 population for high SBP-
attributable stroke mortality by sex in China and Japan, 1990 to 2017. Standardized to the GBD 2013 (Global 
Burden of Disease Study 2013) global age-standard population. Japanese men 1990: Population: 38 067 229; 
Stroke: 38 690, 1995: Population: 40 061 997; Stroke: 43 172, 2000: Population: 42 325 105; Stroke: 53 896, 2005: 
Population: 43 537 328; Stroke: 56 710, 2010: Population: 43 9242 91; Stroke: 51 523, 2017: Population: 43 375 
707; Stroke: 49 687. Japanese women 1990: Population: 40 384 673; Stroke: 38 284, 1995: Population: 42 106 
114; Stroke: 36 083, 2000: Population: 44 166 128; Stroke: 33 924, 2005: Population: 45 113 407; Stroke: 27 271, 
2010: Population: 45 222 792; Stroke: 21 438, 2017: Population: 44 420 972; Stroke: 18 971. Chinese men 1990: 
Population: 290 646 432; Stroke: 2 169 970, 1995: Population: 337 919 965; Stroke: 2 769 952, 2000: Population: 
380 394 008; Stroke: 3 551 441, 2005: Population: 409 095 096; Stroke: 4 620 059, 2010: Population: 436 732 774; 
Stroke: 5 592 961, 2017: Population: 483 291 490; Stroke: 7 389 792. Chinese women 1990: Population: 275 594 
048; Stroke: 1 336 893, 1995: Population: 322 776 513; Stroke: 1 643 057, 2000: Population: 365 152 409; Stroke: 
2 082 019, 2005: Population: 393 674 755; Stroke: 2 545 186, 2010: Population: 421 787 480; Stroke: 2 723 681, 
2017: Population: 466 391 682; Stroke: 3 082 720.
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risk of ischemic stroke and 68% increased risk of intracerebral hemorrhage, with men more vulnerable than 
women at every age  group37.

It is worth pointing out that this study had two major strengths, First, it is the first study to investigate the 
impacts of age-period-cohort on the temporal trends of stroke mortality attributable to high SBP in China and 
Japan. Second, GBD 2017 provided estimates of cause-specific and age- and sex-specific mortality rates that were 
internally consistent, thus, the possibility of misclassification bias was unlikely. However, some limitations should 
be addressed. First, because the GBD data was generated by systematic reviewing and synthesizing of published 
and unpublished data, there are many uncertainty issues related to measurement errors, missing data, and sys-
tematic bias of the countries’ prior estimates of the risk factors and outcomes pooled in the  GBD38 which could 
add bias to the cross-national comparisons. This is truly right for countries with poor vital registration systems. 
However, we compared stroke mortality, in Japan and China, where the death certificate diagnosis of stroke was 
highly valid due to the widespread use of CT and MRI in both countries since the  1980s39,40. Also, the GBD data 
estimated SBP for the year, sex, and age group, and was a more comprehensive system of risk analysis than any 
previous global or national analysis which could assess the changes in SBP  burden41. Second, since period and 
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Figure 2.  Local drift with net drift values for high SBP-attributable stroke mortality in China. Age group-
specific annual percent change (local drift) with the overall annual percent change (net drift) in high sodium-
attributable stroke mortality rate. Net drift values are depicted as solid lines with dashed lines representing their 
95% CIs. Error bars represent the 95% CIs for the local drift values. Japanese men 1990: Population: 38 067 229; 
Stroke: 38 690, 1995: Population: 40 061 997; Stroke: 43 172, 2000: Population: 42 325 105; Stroke: 53 896, 2005: 
Population: 43 537 328; Stroke: 56 710, 2010: Population: 43 9242 91; Stroke: 51 523, 2017: Population: 43 375 
707; Stroke: 49 687. Japanese women 1990: Population: 40 384 673; Stroke: 38 284, 1995: Population: 42 106 
114; Stroke: 36 083, 2000: Population: 44 166 128; Stroke: 33 924, 2005: Population: 45 113 407; Stroke: 27 271, 
2010: Population: 45 222 792; Stroke: 21 438, 2017: Population: 44 420 972; Stroke: 18 971. Chinese men 1990: 
Population: 290 646 432; Stroke: 2 169 970, 1995: Population: 337 919 965; Stroke: 2 769 952, 2000: Population: 
380 394 008; Stroke: 3 551 441, 2005: Population: 409 095 096; Stroke: 4 620 059, 2010: Population: 436 732 774; 
Stroke: 5 592 961, 2017: Population: 483 291 490; Stroke: 7 389 792. Chinese women 1990: Population: 275 594 
048; Stroke: 1 336 893, 1995: Population: 322 776 513; Stroke: 1 643 057, 2000: Population: 365 152 409; Stroke: 
2 082 019, 2005: Population: 393 674 755; Stroke: 2 545 186, 2010: Population: 421 787 480; Stroke: 2 723 681, 
2017: Population: 466 391 682; Stroke: 3 082 720.
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age intervals have to be fixed and equal in the APC tool, those who were aged ≥ 80 years were excluded from 
this study because they were merged in one group only in the GBD database. However, the stroke mortality rate 
among people aged ≥ 80 years was shown to decline in a similar  pattern42. Another, we did not include people 
aged ≤ 25 years as stroke mortality attributable to high SBP is considered negligible in this age group. Third, we 
could not stratify our results by stroke subtype because of the absence of data on the Japanese stroke subtype. 
Fourth, one main limitation of the APC analyses is that it could be conducted only on the pair of a risk factor 
and an outcome (high SBP and stroke ASMR in this research). Many other risk factors, such as alcohol intake, 
tobacco smoking, and even clinical advancement contribute to the ASMR of stroke and may substantially affect 
high SBP-attributable stroke ASMR because these factors are related to both the blood pressure and the stroke 
mortality, adding to the above-mentioned uncertainties.

In conclusion, the ASMRs, as well as the period and cohort RRs of high SBP-attributable stroke mortality, 
declined in China and Japan in both sexes and across all age groups during the period between 1990 to 2017. 
However, the proportion of the high SBP population remained significant in both countries. Thus, policymak-
ers, especially in China, should prioritize hypertension control approaches to reduce the future risk of stroke 
mortality.
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Figure 3.  Local drift with net drift values for high SBP-attributable stroke mortality in Japan. Age group-
specific annual percent change (local drift) with the overall annual percent change (net drift) in high-
sodium-intake-attributable stroke mortality rate. Net drift values are depicted as solid lines with dashed lines 
representing their 95% CIs. Error bars represent the 95% CIs for the local drift values. Japanese men 1990: 
Population: 38 067 229; Stroke: 38 690, 1995: Population: 40 061 997; Stroke: 43 172, 2000: Population: 42 325 
105; Stroke: 53 896, 2005: Population: 43 537 328; Stroke: 56 710, 2010: Population: 43 9242 91; Stroke: 51 523, 
2017: Population: 43 375 707; Stroke: 49 687. Japanese women 1990: Population: 40 384 673; Stroke: 38 284, 
1995: Population: 42 106 114; Stroke: 36 083, 2000: Population: 44 166 128; Stroke: 33 924, 2005: Population: 
45 113 407; Stroke: 27 271, 2010: Population: 45 222 792; Stroke: 21 438, 2017: Population: 44 420 972; Stroke: 
18 971. Chinese men 1990: Population: 290 646 432; Stroke: 2 169 970, 1995: Population: 337 919 965; Stroke: 
2 769 952, 2000: Population: 380 394 008; Stroke: 3 551 441, 2005: Population: 409 095 096; Stroke: 4 620 059, 
2010: Population: 436 732 774; Stroke: 5 592 961, 2017: Population: 483 291 490; Stroke: 7 389 792. Chinese 
women 1990: Population: 275 594 048; Stroke: 1 336 893, 1995: Population: 322 776 513; Stroke: 1 643 057, 2000: 
Population: 365 152 409; Stroke: 2 082 019, 2005: Population: 393 674 755; Stroke: 2 545 186, 2010: Population: 
421 787 480; Stroke: 2 723 681, 2017: Population: 466 391 682; Stroke: 3 082 720.



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:19083  | https://doi.org/10.1038/s41598-021-98072-y

www.nature.com/scientificreports/

4.3 7.8 13.4 27.5 48.3 
85.1 

136.3 

225.1 

334.9 

490.3 

708.0 

2.5 4.0 8.0 18.1 34.7 
61.4 

87.0 

186.4 

268.6 

362.6 

64.6 
87.8 

132.3 

22.0 28.4 39.8 
0

100

200

300

400

500

600

700

800

20 25 30 35 40 45 50 55 60 65 70 75 80

nosrep
000,001

rep(
eta

R
-y

ea
rs

)

Age

Chinese males

Chinese females

Japanese males

Japanese females

Figure 4.  Longitudinal age curves of high SBP-attributable stroke mortality in China and Japan. Fitted 
longitudinal age-specific rates of high-sodium-intake-attributable stroke mortality (per 100 000 person-years). 
Error bars represent the 95%CIs for the Longitudinal age curve values. Japanese men 1990: Population: 38 067 
229; Stroke: 38 690, 1995: Population: 40 061 997; Stroke: 43 172, 2000: Population: 42 325 105; Stroke: 53 896, 
2005: Population: 43 537 328; Stroke: 56 710, 2010: Population: 43 9242 91; Stroke: 51 523, 2017: Population: 43 
375 707; Stroke: 49 687. Japanese women 1990: Population: 40 384 673; Stroke: 38 284, 1995: Population: 42 106 
114; Stroke: 36 083, 2000: Population: 44 166 128; Stroke: 33 924, 2005: Population: 45 113 407; Stroke: 27 271, 
2010: Population: 45 222 792; Stroke: 21 438, 2017: Population: 44 420 972; Stroke: 18 971. Chinese men 1990: 
Population: 290 646 432; Stroke: 2 169 970, 1995: Population: 337 919 965; Stroke: 2 769 952, 2000: Population: 
380 394 008; Stroke: 3 551 441, 2005: Population: 409 095 096; Stroke: 4 620 059, 2010: Population: 436 732 774; 
Stroke: 5 592 961, 2017: Population: 483 291 490; Stroke: 7 389 792. Chinese women 1990: Population: 275 594 
048; Stroke: 1 336 893, 1995: Population: 322 776 513; Stroke: 1 643 057, 2000: Population: 365 152 409; Stroke: 
2 082 019, 2005: Population: 393 674 755; Stroke: 2 545 186, 2010: Population: 421 787 480; Stroke: 2 723 681, 
2017: Population: 466 391 682; Stroke: 3 082 720.
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Figure 5.  Period relative risks (RRs) of high SBP-attributable stroke mortality rate by sex in China and Japan. 
The relative risk of each period compared with the reference one (the year 2000) adjusted for age and nonlinear 
cohort effects. Error bars represent the 95%CIs for the period relative risks. Japanese men 1990: Population: 
38 067 229; Stroke: 38 690, 1995: Population: 40 061 997; Stroke: 43 172, 2000: Population: 42 325 105; Stroke: 
53 896, 2005: Population: 43 537 328; Stroke: 56 710, 2010: Population: 43 9242 91; Stroke: 51 523, 2017: 
Population: 43 375 707; Stroke: 49 687. Japanese women 1990: Population: 40 384 673; Stroke: 38 284, 1995: 
Population: 42 106 114; Stroke: 36 083, 2000: Population: 44 166 128; Stroke: 33 924, 2005: Population: 45 113 
407; Stroke: 27 271, 2010: Population: 45 222 792; Stroke: 21 438, 2017: Population: 44 420 972; Stroke: 18 971. 
Chinese men 1990: Population: 290 646 432; Stroke: 2 169 970, 1995: Population: 337 919 965; Stroke: 2 769 
952, 2000: Population: 380 394 008; Stroke: 3 551 441, 2005: Population: 409 095 096; Stroke: 4 620 059, 2010: 
Population: 436 732 774; Stroke: 5 592 961, 2017: Population: 483 291 490; Stroke: 7 389 792. Chinese women 
1990: Population: 275 594 048; Stroke: 1 336 893, 1995: Population: 322 776 513; Stroke: 1 643 057, 2000: 
Population: 365 152 409; Stroke: 2 082 019, 2005: Population: 393 674 755; Stroke: 2 545 186, 2010: Population: 
421 787 480; Stroke: 2 723 681, 2017: Population: 466 391 682; Stroke: 3 082 720.
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