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Background: Increasing studies have found that PM2.5 has large adverse

e�ects on stroke mortality. We want to investigate the long-term trends in

the mortality of stroke attributable to ambient particulate matter pollution and

household air pollution to provide evidence facilitating the design of policy.

Methods: The deaths data of stroke and its subtypes attributable to PM2.5were

obtained from the Global Burden of Disease (GBD) 2019, analyzed by Joinpoint

regression software and the age-period-cohort (APC) method to assess the

magnitude of the trends in mortality and the temporal trends in the mortality

rate by age, period, and cohort.

Results: From 1990 to 2019, the age-standardized mortality rate (ASMR)

attributable to PM2.5 exposure trended downwards, but the trends of ambient

particulate matter pollution and household air pollution were opposite.

The trends varied among subtypes, the AAPC of intracerebral hemorrhage,

ischemic stroke, and subarachnoid hemorrhage attributable to PM2.5 were

0.7, 2.5, and−3.3%, respectively. The longitudinal age curve of the APC model

showed that the mortality rates due to PM2.5 exposure increased with age.

The period RRs of ischemic stroke due to ambient particulate matter pollution

increased significantly. The cohort RRs of ambient particulate matter pollution

increased among those born from 1905 to 1990. The net drifts of all subtypes

attributable to PM2.5 were below 0, but owing to the increase of ambient

particulate matter pollution, the range of the decline was small. Males had

higher net drift values, compared with females.

Conclusions: Ambient particulate matter pollution has become the main

type of PM2.5 leading to stroke in China. PM2.5 exposure is more harmful to

ischemic stroke, males, and elderly. Chinese government should pay attention

to the long-term impact of ambient air pollution on stroke and take e�ective

public health policies and interventions.
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Introduction

Stroke is a leading cause of mortality in middle-income

countries, especially in China (1). According to GBD 2019,

the incident rate of stroke in China reached 276.7 per 100,000

population in 2019, an increase of 86.0% over 1990 (2). Previous

studies showed that the disease burden of stroke could be mainly

attributable to important environmental and lifestyle risk factors

(3, 4).

PM2.5, the particulate matter with an aerodynamic diameter

≤2.5µm, has become one of the three risk factors resulting

in more than 1% of DALYs globally (5, 6), causing 8.42

million attributable deaths and the $4.09 trillion of health

cost in 2016 (7). PM2.5 exposure includes ambient particulate

matter pollution exposure and household air pollution exposure.

Ambient particulate matter pollution is defined as annual

average daily exposure to outdoor air concentrations of PM2.5,

which mainly comes from traffic, factories and household fuel,

and household air pollution is defined as individual exposure to

PM2.5 due to the use of solid cooking fuel (8). Growing amounts

of evidence suggest that ambient particulate matter pollution

and household air pollution are closely related to stroke.

A European study showed that for every 5 µg/m3 increase

in environmental PM2.5 per year, the risk of stroke increased

by 19% (9). A prospective cohort study (China-PAR) found

that for each increase of 10 µg/m3 in ambient PM2.5

concentration, the increased risks of incident stroke, ischemic

stroke, and hemorrhagic stroke were 13% (hazard ratio 1.13;

95% confidence interval 1.09 to 1.17), 20% (1.20, 1.15 to

1.25), and 12% (1.12, 1.05 to 1.20), respectively (10). It

also has found that household air pollution was related to

high blood pressure and escalated mortality of stroke (11,

12).

Owing to economic development and the acceleration of

industrialization and urbanization, air pollution has become a

global social and environmental issue, especially in developing

countries such as China (13–15). Therefore, it is very important

to evaluate the stroke burden attributable to PM2.5 exposure in

China to advance evidence-informed prevention plans. Several

studies are exploring the relationship between stroke burden and

PM2.5 exposure (16–19), but few of them focus on estimating

the temporal trend and analyzing the independent effects of

chronological age, period, and birth cohort of three stroke

subtypes burden attributable to ambient particulate matter

pollution and household air pollution, respectively.

To address these limitations, we collected data from GBD

2019 to estimate the average annual percent change (AAPC)

of stroke and three subcategories of mortality attributable

to ambient particulate matter pollution and household air

pollution, and analyzed the independent effects by an age-

period-cohort (APC) mode. The finding of our study may help

public health managers to make evidence-based policies and

assess specific interventions.

Materials and methods

Data sources

We extracted the mortality rate of stroke, intracerebral

hemorrhage, ischemic stroke, and subarachnoid hemorrhage

attributable to PM2.5 in China from 1990 to 2019 from the

Global Burden of Disease (GBD) 2019 at GBD Data tool.

The original stroke mortality data were obtained from the

Cause of Deaths Reporting System of the Chinese Centers for

Disease Control and Prevention (CDC) andDisease Surveillance

Points (DSPs) (20). Ischemic stroke is an episode of neurological

dysfunction caused by focal cerebral, spinal, or retinal infarction.

Intracerebral hemorrhage is a focal collection of blood within

the brain parenchyma or ventricular system that is not caused

by trauma. Subarachnoid hemorrhage is bleeding into the

subarachnoid space. Stroke and each category are identified by

International Classification of Diseases (ICD) version 10 (ICD-

10): stroke (G45-G46.8, I60-I62, I62.9-I64, I64.1, I65-I69.998,

Z82.3), ischemic stroke (G45-G46.8, I63-I63.9, I65-I66.9, I67.2-

I67.848, I69.3-I69.4), intracerebral hemorrhage (I61-I62, I62.9,

I69.0-I69.298) and subarachnoid hemorrhage (I60-I60.9, I67.0-

I67.1) (21).

The mortality rates were age-standardized as follows:

ASMRs =

∑ Age composition of standard group population

× Age specific mortality

Age composition of the standard population

Based on published trials or cohort studies, GBD2019 provides

a standardized and comprehensive assessment of the magnitude

of risk factor exposure, relative risk, and attributable burden of

disease by age, sex, and geographies for specific points in a series

of time by using spatiotemporal Gaussian process regression,

DisMod-MR 2.1, Bayesian meta-regression method and other

alternative methods (5, 22).

In the GBD study, PM2.5 included ambient particulate

matter pollution and household air pollution. Ambient

particulate matter pollution was defined as the population-

weighted annual average mass concentration of outdoor PM2.5

exposure, which was obtained from satellite observations of

aerosols in the atmosphere, ground measurements, chemical

transport model simulations, population estimates, and land-

use data. Exposure to household air pollution (HAP) from

solid fuels is estimated from both the proportion of individuals

using solid cooking fuels and the level of PM2.5 air pollution

exposure. Solid fuels in GBD2019 include coal, wood, charcoal,

dung, and agricultural residues (2, 5). The data of household air

pollution were obtained from Demographic and Health Surveys

(DHS), Living Standards Measurement Surveys (LSMS),

Multiple Indicator Cluster Surveys (MICS), and World Health

Surveys (WHS), as well as country-specific survey series such as

China Monitoring Survey and South Asia General Household

Survey (5, 8).
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Population attributable fraction (PAF) represents the

proportion of related risk that would be reduced if the exposure

to a risk factor were reduced to the theoretical minimum

exposure level, which is known as the theoretical minimum risk

exposure level (TMREL). In GBD 2019, the TMREL of ambient

and household air pollution was between 2.4 and 5.9 µg /m3

(8, 17, 23). The calculation formula for attributable deaths (ADs)

is as follows (24): AD = PAF ∗ The number of deaths due to

stroke or the subtypes.

The age-standardized rates of PM2.5-ADs, ambient

particulate matter pollution -ADs, and household air pollution-

ADs were calculated by the world standard population (25).

A comprehensive description of the metrics, data sources, and

statistical modeling has been reported in GBD 2019 study (5).

Joinpoint regression analysis

In our studies, JoinPoint software (Version 4.9.1.0) was used

to calculate the average annual percentage change (AAPC), as

well as 95% CIs, which can analyze the magnitude and direction

of trends of the mortality rate of stroke and different subtypes

over 30 years. The JoinPoint software estimated the mortality

data by applying the grid search method with 5 Joinpoints and

the Monte Carlo permutation test to optimize the model.

Suppose there is a sequence of observations (x1, y1),..., (xn,

yn), of which, x1≤...≤ xn, the JoinPoint regression model can be

written in log-liner form as

E
[

yi
∣

∣xi
]

= eβ0+β1xi+δ1(xi−ϒ1)
+
+...δk(xi−ϒk)

+

where yi represents dependent variable and xi denotes

independent variable for i = 1, 2, . . . n; β0 represents constant

parameter; β1 represents regression coefficient; δk represents

the regression coefficient of the kth piecewise function. When
(

xi − ϒk

)

is over 1,
(

xi − ϒk

)+
=

(

xi − ϒk

)

, otherwise
(

xi − ϒk

)+
= 0 (26).

Age-period-cohort analysis

It is known that there is collinearity between age, period,

and cohort (27). Like previous studies (28, 29), we circumvented

this problem by using age-period-cohort (APC) model, which

provides a useful parametric framework with complements

standard non-parametric descriptive methods, to assess the

temporal trends of mortality by age, period, and cohort (30).

The age effect is the age-related physiological and

pathological changes, causing epidemiological differences.

To assess the age effect, the longitudinal age curve fitted

longitudinal age-specific rates, which is relative to the reference

cohort adjusted for period deviations. The period effect refers

to changes in mortality rate due to human factors, such as

the development of diagnosis technology, screening, and

early detection, changes in disease definition and registration,

treatment improvement, etc. These human factors may affect

the disease rate in different periods, resulting in a period

effect. The period effect, shown in the period ate ratios (period

RRs), refers to changes in disease mortality caused by different

human factors, such as the development of disease diagnosis

technology, screening, and early detection, changes in disease

definition and registration, treatment improvement and the

conservation and emission reduction policies introduced by

the Chinese government. When RR is over 1, the relative risk

of death is higher in this period compared with the reference

period, and when RR is below 1,the relative risk of death in this

period is lower than that in the reference period. The cohort

effects, shown in the cohort rate ratios (cohort RRs), refer to

differences in disease mortality rates caused by various lifestyle

changes or different exposure to risk factors among generations.

Net drift is an overall log-linear trend by calendar period and

cohort effects, indicating overall the annual percentage change.

Local drift is the log-linear by period and birth cohort for each

age group, representing annual percentage changes for each

age group (31). Like previous studies (31–33), we also recoded

age and period into consecutive 5 years of data. The mortality

and population data are arranged into 5-year age groups from

25–29 age-group to 80–84 age-group and 85 plus age-group.

Consecutive 5-year periods were defined from 1990–1994 to

2015-2019. Consecutive 5-year cohorts were defined from

1905–1909 to 1985–1989.

APC model can be written in linear regression form as

follow (34–36):

M = µ + αi∗age+ βj∗period+ γk∗cohort+ ε (1)

M represents the death rate for age i age group during j

period; αi denotes age effect of the i age group; βj represents

period effect of the j period; γk denotes cohort effect of the k (k

= I + j - 1) birth cohort; µ is intercept or adjusted mean death

rate, and ε is the residual or a random error.

This part of the statistical analysis was performed by R

statistical software (R version 3.5.1) and the age-period-cohort

web tool (https://analysistools.cancer.gov/apc/). p < 0.05 was

considered significant (17, 37).

Results

The trend in the age-standardized
mortality rate of stroke attributable to
PM2.5 exposure

Over the past 30 years, the number of deaths increased 1.3

times over, from 637,871 in 1990 to 801,549 in 2019. The ASMR

of stroke attributable to PM2.5 decreased among different stroke

subtypes, especially for subarachnoid hemorrhage (decreased

6.7% annually).
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We further analyzed the ASMRs of stroke attributable

to ambient particulate matter pollution and household air

pollution. For ambient particulate matter pollution, the number

of deaths increased 3.3 times over, from 161,939 in 1990 to

541,796 in 2019. The ASMR of stroke attributable to ambient

particulate matter pollution increased by 1% annually, with

similar trends observed among both sexes (AAPC: 1.0%; 95%

CI: 0.6, 1.5%). Among different stroke subtypes, the ASMR

of subarachnoid hemorrhage decreased (AAPC:−3.3%; 95%

CI:−3.7,−2.8%), but the ASMR of ischemic stroke (AAPC: 2.5%;

95% CI: 2.0, 2.9%) and intracerebral hemorrhage (AAPC: 0.5%;

95% CI: 0.3, 0.7%) similarly increased from 1990 to 2019.

For household air pollution, the number of deaths decreased

from 382, 505 in 1990 to 136,950 in 2019. It also decreased

significantly among both sexes (AAPC: −6.6%; 95% CI: – 6.9,

−6.3%). The ASMRs of different stroke subtypes attributable to

household air pollution were all decreased.

The ASMR due to ambient particulate matter pollution was

higher than that due to household air pollution after 2002. For

males, the ASMR due to ambient particulate matter pollution

was higher than that due to household air pollution after 1999,

and for females, the ASMR due to ambient particulate matter

pollution was higher than that due to household air pollution

after 2005 (Table 1; Figure 1).

The age-period-cohort analysis of the
mortality rate of stroke attributable to
PM2.5 exposure

For the same birth cohort, the mortality rate of stroke

attributable to PM2.5 increased with age. The mortality rate

of stroke among males was higher than that among females

(Figures 2A,E).

Among different subtypes, for subarachnoid hemorrhage,

the mortality rate was lower than others, and it increased

with age before 55 and slightly decreased after that. Other

subtypes of stroke had increasing trends with age attributable

to PM2.5, they trended upwards rapidly after the 55–60 age

groups (Figures 2B–D).

In terms of ambient particulate matter pollution and

household air pollution, the mortality rates due to ambient

particulate matter pollution and household air pollution were

low in younger group, but the mortality rate due to ambient

particulate matter pollution significantly increased with age

among those older groups. Similar changes were observed in

males and females (Figures 2A,F).

The period RRs of all stroke subtypes attributable to PM2.5

exposure trended downwards. The downward trend among

females was steeper than that among males (Figures 3A,E,F).

In terms of ambient particulate matter pollution, the period

RRs of stroke increased from 1990 to 2019. For household air

pollution, it trended downwards significantly. Similar trends

were observed among those of intracerebral hemorrhage

and ischemic stroke. The period RRs of subarachnoid

hemorrhage attributable to ambient particulate matter pollution

and household air pollution decreased from 1990 to 2019

(Figures 3B–D).

Cohort RRs of all stroke subtypes attributable to PM2.5

exposure decreased among those born from 1905 to 1990. The

cohort effects were opposites for ambient particulate matter

pollution and household air pollution: for ambient particulate

matter pollution, the cohort effects increased, for household air

pollution, they declined. Similar trends were observed among

both males and females. The downward trend among females

was steeper than that among males (Figures 4A,E,F).

In terms of different subtypes, the cohort RRs for household

air pollution trended downwards obviously, while for ambient

particulate matter pollution, the cohort RRs of the mortality

rate of intracerebral hemorrhage and ischemic stroke trended

upwards (Figures 4B–D).

The overall net drift values of all stroke subtypes attributable

to PM2.5 were below 0 (P < 0.001). However, the net drift values

of intracerebral hemorrhage and ischemic stroke attributable to

ambient particulate matter pollution were above 0 (0.96 and

2.17%, respectively, P < 0.001). In terms of sexes, the net

drift value of stroke for males was−1.97%, and for females, it

was−3.98% (P < 0.001). Among different stroke subtypes, males

had higher net drift values, compared with females.

The local drift values of stroke decreased by age before

the 60-age group and increased after that. Similar changes

were observed for ambient particulate matter pollution and

household air pollution, while the local drift values of

intracerebral hemorrhage decreased by age, and for ischemic

stroke, it increased by age (Figure 5).

The detailed results of the APC model regarding

the age, period, and cohort effect were shown in

Supplementary Tables 1–5.

Discussion

This study provided long-term estimates of the mortality

rate of stroke attributable to PM2.5 exposure by sex, age, and

stroke subtypes, clarifying the impact of ambient particulate

matter pollution and household air pollution changes on stroke

by Joinpoint regression and age-period-cohort model in China.

We found that, over 30 years, the number of stroke cases

attributable to PM2.5 substantially increased, and the number

of deaths attributable to ambient particulate matter pollution

accounted for most of it. According to the mortality rate, there

is a reduction in the ASMRs of stroke due to PM2.5 from 1990

to 2019, but it also shows the increase in the ASMRs due to

ambient particulate matter pollution which was significantly

higher than those due to household air pollution after 2002.

Frontiers in PublicHealth 04 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1026870
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Chen et al. 10.3389/fpubh.2022.1026870

TABLE 1 The results by Joinpoint regression analysis on the mortality rate of stroke, intracerebral hemorrhage, ischemic stroke and subarachnoid

hemorrhage attributable to PM2.5 exposure from 1990 to 2019.

PM2.5 Ambient particulate matter pollution Household air pollution

AAPC (%) 95%CI AAPC (%) 95%CI AAPC (%) 95%CI

Stroke Both sexes −2.5* (-2.6,−2.3) 1.0* (0.6,1.5) −6.6* (-6.9,−6.3)

Male −2.0* (-2.2,−1.7) 1.1* (0.6,1.6) −6.4* (-6.8,−6.1)

Female −3.0* (-3.3,−2.8) 0.7* (0.4,1.0) −6.7* (-7.1,−6.2)

Intracerebral hemorrhage Both sexes −2.8* (-3.2,−2.5) 0.5* (0.3,0.7) −6.7* (-7.2,−6.3)

Male −2.4* (-2.7,−2.2) 0.6* (0.1,1.0) −6.5* (-6.7,−6.4)

Female −3.4* (-3.7,−3.2) 0.3 (-0.0,0.6) −6.9* (-7.3,−6.6)

Ischemic stroke Both sexes −0.8* (-1.1,−0.6) 2.5* (2.0,2.9) −5.1* (-5.5,−4.8)

Male −0.5* (-0.7,−0.2) 2.5* (2.1,2.9) −5.2* (-5.6,−4.8)

Female −1.3* (-1.5,−1.1) 2.4* (1.8,3.0) −5.3* (-5.6,−4.9)

Subarachnoid hemorrhage Both sexes −6.7* (-7.0,−6.3) −3.3* (-3.7,−2.8) −10.5* (-10.8,−10.1)

Male −6.1* (-6.4,−5.7) −3.1* (-3.5,−2.6) −10.1* (-10.4,−9.9)

Female −7.2* (-7.6,−6.8) −3.7* (-4.1,−3.2) −10.6* (-11.0,−10.3)

*Statistically significant (p < 0.05); AAPC, average annual percent change.

This indicates that ambient particulate matter pollution has

replaced household air pollution as the main risk factor of

PM2.5 related to stroke. Further reduction in anthropogenic

emissions is needed to accelerate the decrease in ambient PM2.5

concentrations, or the burden of stroke attributable to PM2.5

is still severe. Moreover, many rural residents, particularly in

western, central, and north-eastern China, still rely heavily

on solid fuels, causing uneven household air pollution in the

population of China, which should be also called attention toMa

et al. (17).

Both sexes had similar trends in the ASMRs attributable

to ambient particulate matter pollution and household air

pollution from 1990 to 2019, but the mortality rate of stroke

attributable to PM2.5 was higher among males than females.

The ASMR attributable to ambient particulate matter pollution

among males reached its highest in 2012, and it slightly reduced

after that. These findings suggest that PM2.5 exposure had a

greater adverse function on the mortality rate of stroke among

males, but this effect has been moderated by improvements for

both indoor and outdoor pollution in recent years. Another

notable aspect is that air pollution is also associated with

smoking (38), contributing to the heavier disease burden among

males than females.

In subgroup analyses for stroke subtypes, we found that

the ASMRs trends of all stroke subtypes attributable to PM2.5

were decreased, but for ambient particulate matter pollution, the

ASMRs of ischemic stroke substantially increased. This may be

because exposure to ambient particulate matter pollution may

induce acceleration of atherosclerosis, alter the vasomotor tone,

cause vascular inflammation, and promote blood coagulation,

which pathophysiological changes are more likely to provoke

ischemic stroke, compared with hemorrhagic stroke (39–41).

We further analyzed the effects of age, period, and cohort

on the epidemiological changes in stroke attributable to PM2.5

exposure. We found that the ASMRs of ischemic stroke and

intracerebral hemorrhage due to both ambient particulate

matter pollution and household air pollution significantly

increased after their levels among those 55–60 years, and were

low among the younger age groups. A study also estimated

that the health cost of stroke attributable to PM2.5 increased

faster in the older population than in the younger population

(7). Therefore, more policy actions are needed to reduce the

stroke burden attributable to PM2.5 concentrations to which

elderly individuals are exposed. In addition, the mortality of

subarachnoid hemorrhage increased with age before 55 and

slightly decreased after that. This finding might be because the

ratio of hemorrhagic stroke cases is higher among younger

populations overall stroke cases, and hemorrhagic stroke is more

preventable (42).

The period RRs attributable to PM2.5 trended downward

among all subtypes, but there was still an obvious upward trend

for ischemic stroke due to ambient particulate matter pollution,

indicating that despite the improvement of air pollution in

China, government should formulate an effective policy to

prevent the adverse result of ischemic stroke due to ambient

particulate matter pollution. The cohort RRs attributable to

PM2.5 decreased among those born from 1905 to 1990. But

for ambient particulate matter pollution, the cohort RRs trend

increased among those born from 1905 to 1990, indicating

the younger generations may have a higher risk to get stroke

due to ambient particulate matter pollution and we should pay

attention to the long-term damage of it.

The overall net values of all stroke subtypes attributable

to PM2.5 exposure was−2.72%, but the net drift value of
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FIGURE 1

The temporal trends in the ASMR of stroke attributable to PM2.5 exposure from 1990 to 2019. (A–D) The mortality rate of stroke and subtypes

due to PM2.5 exposure, ambient particulate matter pollution, and household air pollution for both sexes. (E) The mortality rate of stroke due to

PM2.5 exposure by sex. (F) The mortality rate of stroke due to ambient particulate matter pollution (APMP) and household air pollution (HAP) by

sexes.

ischemic stroke attributable to ambient particulate matter

pollution was 2.17%. Considering all results in the local drift

value, formulate effective policies for outdoor air pollution

attributable to ischemic stroke, males and the elderly might

remarkably reduce the risk of stroke from air pollution

in the future.

Despite some advancements in this study, there are several

limitations. First, although GBD 2019 has modified and adjusted

its data sources and collection and evaluation method to

improve data quality, it could be difficult to avoid the bias

caused by missing data. Second, studies on the relationship

between PM2.5 and different types of stroke might be lacking,

which led to somemixed results explaining the difference among

stroke subtypes (10, 39, 40, 43, 44). Therefore, more studies

are needed to improve the reliability of the results through

method standardization, increasing sample size, and stratified

analysis. Third, in addition to the effects of age, period, cohort,

and gender, we should take more factors into account, such as

regional differences between North and South in China (45),

economic development, and education level.

Conclusion

In summary, ambient air pollution has become the main

type of PM2.5 leading to stroke, and its exposure is more
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FIGURE 2

The longitudinal age curves of the mortality rate of stroke attributable to PM2.5 exposure from 1990 to 2019. (A–D) The longitudinal age curves

of stroke and subtypes for both sexes in PM2.5 exposure. (E) The longitudinal age curves of stroke by sex in PM2.5 exposure. (F) The longitudinal

age curves of stroke by sex in ambient particulate matter pollution (APMP) and household air pollution (HAP).

harmful to ischemic stroke, males, and elderly in China. Young

generation may have a higher risk to get stroke in the future.

To reduce the burden of stroke attributable to PM2.5, Chinese

government should pay attention to the impact of outdoor air

pollution on stroke and take effective public health policies and

interventions to protect the specific population.
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FIGURE 3

The period RRs of the mortality rate of stroke attributable to PM2.5 exposure from 1990 to 2019. (A–D) The period RRs of stroke and subtypes

for both sexes in PM2.5 exposure. (E) The period RRs of stroke by sex in PM2.5 exposure. (F) The period RRs of stroke by sex in ambient

particulate matter pollution (APMP) and household air pollution (HAP).
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FIGURE 4

The cohort RRs of the mortality rate of stroke attributable to PM2.5 exposure from 1990 to 2019. (A–D) The cohort RRs of stroke and subtypes

for both sexes in PM2.5 exposure. (E) The cohort RRs of stroke by sex in PM2.5 exposure. (F) The cohort RRs of stroke by sex in ambient

particulate matter pollution (APMP) and household air pollution (HAP).
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FIGURE 5

The local drifts of the mortality rate of stroke attributable to PM2.5 exposure from 1990 to 2019. (A–D) The local drifts of stroke and subtypes for

both sexes in PM2.5 exposure. (E) The local drifts of stroke by sex in PM2.5 exposure. (F) The local drifts of stroke by sex in ambient particulate

matter pollution (APMP) and household air pollution (HAP).
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