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Abstract

Introduction: Among U.S. adolescents, the knowledge that air pollution can impact health is 

relatively high and varies by the demographics of the respondents and the places they live, but the 

influence of asthma status is unknown. This study assesses the role of asthma in U.S. adolescents’ 

awareness, perceptions, and behaviors related to air pollution.

Methods: In 2020, data were analyzed from 817 adolescents aged 12−17 years who responded 

to the 2020 Porter Novelli Public Services YouthStyles survey, a nationally representative survey 

of U. S. adolescents. Respondents self-reported having or having had asthma in the past year 

and their awareness, perceptions, and behaviors related to air pollution. For each aspect of air 

quality awareness, perception, and behavior, weighted percentages of responses were calculated by 

asthma status.

Results: Overall, an estimated 11.5% of U.S. adolescents self-reported asthma. Awareness that 

air pollution can impact health, awareness that respondents can limit their air pollution exposure, 

and having heard or read about air quality alerts were similar among adolescents with and without 

asthma, with some differences reported in where they heard or read about air quality alerts. Those 

with asthma reported discussing with a health professional about ways to limit exposure more 

frequently than those without asthma.

Conclusions: Despite the well-known risk of asthma exacerbations from air pollution exposure, 

air quality awareness was similar among adolescents with and without asthma. These findings 

reveal the areas in which air quality awareness and behaviors to reduce exposure can be improved 

among adolescents with and without asthma.
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INTRODUCTION

According to a nationally representative survey of adolescents, known as YouthStyles, 

conducted from 2015 to 2018, a total of 81% of U. S. adolescents aged 12–17 years were 

aware that air pollution can impact health, 52% thought that there were things they could 

do to limit their exposure, and 19% were aware of air quality alerts. These indicators of 

air quality awareness varied by demographic characteristics, such as parental educational 

attainment and location, but information about respiratory health, including asthma status, 

was not available.1

In an adjusted analysis of responses from a 2014–2016 survey of adults, asthma was 

associated with increased awareness of air quality alerts.2 Awareness of and compliance 

with air quality alerts has been reported to be higher among parents of children with asthma 

than among parents of children without asthma.3 Together, these results raise the question 

of whether differences might exist in awareness and behaviors by asthma status among 

adolescents. Because children with asthma are at risk of exacerbations from air pollution 

exposure,4 understanding their awareness and behaviors is an important step toward the 

development of effective strategies to reduce their air pollution exposures. The study 

presented in this paper aims to compare air quality awareness, perceptions, and behaviors of 

U.S. adolescents with and without asthma.

METHODS

In 2020, survey responses from the Porter Novelli Public Services (Washington, DC) 

YouthStyles were analyzed. YouthStyles is a nationally representative survey of U.S. 

adolescents aged 12–17 years. Each YouthStyles survey was conducted following a 

similar ConsumerStyles survey in which 1 adult in the household participated. The 2020 

YouthStyles survey was conducted on June 10–25, 2020. Overall, 817 youth (of 1,700 

sampled parents) completed the survey for a response rate of 48%. YouthStyles survey 

methods implemented in 2020 were similar to those used in 2016–2018, which are described 

in detail elsewhere.1

To report asthma status, each adolescent responded to the following: During the past year, 
have you had (or do you currently have) asthma? The adult in the household reported the 

demographic information used in this analysis (Table 1). Air quality awareness, perceptions, 

and behaviors were assessed through a series of 8 questions that are shown verbatim in Table 

2. As in previous analyses, for all questions about asthma status and air quality, missing and 

don’t know responses were categorized as no.1,2,5

Procedures for weighted survey data were used with survey weights provided by Porter 

Novelli Public Services to generate nationally representative weighted percentages of 

responses. Weighted percentages were generated for responses among all respondents 

overall and stratified by asthma status. For 2 survey questions, weighted percentages were 

generated by asthma status and other demographic characteristics, including age, sex, 

race/ethnicity, parental educational attainment, metropolitan status, and region, using the 

categories shown in Table 1. Analyses were conducted in SAS, version 9.4. The study 
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protocol for this analysis was reviewed and determined to be exempt from full IRB review at 

the Centers for Disease Control and Prevention.

RESULTS

Overall, an estimated 11.5% of U.S. adolescents self-reported asthma. Demographic 

characteristics of the adolescent respondents overall and among those with asthma are 

shown in Table 1. Awareness that air pollution can impact health, awareness that respondents 

can limit their or their family’s air pollution exposure, and having heard or read about air 

quality alerts were similar among U.S. adolescents with and without asthma (Table 2). The 

most frequently reported ways that respondents had heard or read about air quality alerts 

were through an application on a mobile phone or device and on TV.

The percentage of U.S. adolescents who did something differently when they thought air 

quality was bad was higher for adolescents with asthma (75.3%, 95% CI=48.0, 100.0) than 

those without asthma (42.9%, 95% CI=31.0, 54.8), but CIs overlapped. Most frequently, 

adolescents both with and without asthma reported spending less time outdoors when they 

thought or were informed that air quality was bad. Those with asthma reported discussing 

with a health professional about how to limit exposure to air pollution (12.5%, 95% CI=3.1, 

21.9) more frequently than those without asthma (2.1%, 95% CI=1.1, 3.1). Air quality 

awareness and perceptions among adolescents with and without asthma by demographic 

characteristics are shown in Appendix Table 1 (available online). Some differences were 

observed by asthma status when stratified by demographic variables. Small sample sizes 

resulted in limited precision, and in most cases, CIs overlapped.

DISCUSSION

Overall, differences in awareness that air pollution can impact health, in thinking that there 

were ways to limit their or their family’s exposure, and in having heard or read about 

air quality alerts between U.S. adolescents with and those without asthma were modest. 

Awareness that air pollution can impact health was relatively high compared with that other 

measures, but room for improvement remains. In a 2014–2016 study, unadjusted percentages 

of U.S. adults with and without asthma reporting awareness of air quality alerts were 

also similar (51.9% and 49.0%, respectively); in adjusted analyses, asthma was associated 

with an increased prevalence of awareness of air quality alerts, although the difference in 

adjusted percentages was also modest (54.4% and 48.8%). In this study, the percentage 

of U.S. adolescents with asthma who had talked to a health professional was higher than 

the percentage among those without asthma, although both percentages were relatively low. 

These findings are similar to the findings from the 2014–2016 study of U.S. adults that 

found that 11.8% of U.S. adults with asthma had talked to a health professional compared 

with 2.3% of adults without asthma (unadjusted and adjusted percentages=11.3% and 2.3%, 

respectively).2

Combined with information about where adolescents access information about air quality 

alerts, these results can be used to develop effective interventions to reach adolescents. For 

example, among adolescents with asthma who had ever heard or read about air quality alerts 
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where they live, nearly 65% reported accessing information about air quality alerts through 

an application on a mobile phone or device. If adolescents with asthma are proactively 

seeking information through mobile applications about environmental conditions that affect 

their asthma, this result suggests that increasing awareness of such applications through 

patients’ primary care providers or school health professionals might be an effective way to 

increase air quality awareness among adolescents, especially among those with asthma.

Limitations

YouthStyles data do not include information about indoor air quality or health conditions 

other than asthma. Adolescent respondents self-reported asthma status, and in light of 

the small number of respondents in some demographic categories, any misclassification 

of asthma status might have affected the results presented in this report. The small 

YouthStyles sample size undoubtedly impacted the precision of the presented estimates. 

In 2020, the YouthStyles survey response rate was 48%. Although the extent to which 

adolescent responders differed from nonresponders is unknown, responses were weighted by 

several demographic characteristics to make them representative of U.S. adolescents. Other 

limitations of this survey and the type of analysis were discussed previously.1

CONCLUSIONS

Despite the well-known risk of asthma exacerbations from air pollution exposure,4 air 

quality awareness was similar among adolescents with and without asthma. However, a 

higher percentage of adolescents with asthma reported speaking with a health professional 

about limiting exposure, although percentages remained low. Overall, these findings reveal 

the areas in which communication about air quality and its associated health risks can be 

improved among adolescents with and without asthma.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention.

REFERENCES

1. Lynch KM, Mirabelli MC. Outdoor air quality awareness, perceptions, and behaviors among 
U.S. children aged 12–17 years, 2015–2018. J Adolesc Health. 2021;68(5):882–887. 10.1016/
j.jadohealth.2020.07.040. [PubMed: 32919887] 

2. Mirabelli MC, Boehmer TK, Damon SA, et al. Air quality awareness among U.S. adults with 
respiratory and heart disease. Am J Prev Med. 2018;54(5):679–687. 10.1016/j.amepre.2018.01.037. 
[PubMed: 29551329] 

3. McDermott M, Srivastava R, Croskell S. Awareness of and compliancewith air pollution advisories: 
a comparison of parents of asthmatics with other parents. J Asthma. 2006;43(3):235–239. 
10.1080/02770900600567114. [PubMed: 16754528] 

Lynch and Mirabelli Page 4

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Kim JJ, American Academy of Pediatrics Committee on Environmental Health. Ambient air 
pollution: health hazards to children. Pediatrics. 2004;114(6):1699–1707. 10.1542/peds.2004-2166. 
[PubMed: 15574638] 

5. Mirabelli MC, Damon SA, Beavers SF, Sircar KD. Patient-provider discussions about strategies to 
limit air pollution exposures. Am J Prev Med. 2018;55(2):e49–e52. 10.1016/j.amepre.2018.03.018. 
[PubMed: 29903566] 

Lynch and Mirabelli Page 5

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lynch and Mirabelli Page 6

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 Y

ou
th

St
yl

es
 S

ur
ve

y 
R

es
po

nd
en

ts
, A

ge
d 

12
–1

7 
Y

ea
rs

, O
ve

ra
ll 

an
d 

W
ith

 A
st

hm
a

C
ha

ra
ct

er
is

ti
cs

A
ll 

re
sp

on
de

nt
s 

N
=8

17
W

it
h 

as
th

m
a 

n=
85

na
W

ei
gh

te
d 

co
lu

m
n 

%
b  (

95
%

 C
I)

na
W

ei
gh

te
d 

ro
w

 %
c  (

95
%

 C
I)

A
ge

, y
ea

rs

 
12

–1
3

29
6

32
.8

 (
29

.1
, 3

6.
6)

31
10

.1
 (

6.
4,

 1
3.

8)

 
14

–1
5

26
3

32
.3

 (
28

.5
, 3

6.
2)

32
14

.8
 (

9.
2,

 2
0.

3)

 
16

–1
7

25
8

34
.8

 (
30

.9
, 3

8.
8)

22
9.

9 
(5

.2
, 1

4.
6)

Se
x

 
Fe

m
al

e
40

7
48

.9
 (

44
.8

, 5
3.

0)
42

11
.8

 (
7.

8,
 1

5.
8)

 
M

al
e

41
0

51
.1

 (
47

.0
, 5

5.
2)

43
11

.3
 (

7.
5,

 1
5.

0)

R
ac

e/
et

hn
ic

ity

 
W

hi
te

, n
on

-H
is

pa
ni

c
51

4
51

.6
 (

47
.5

, 5
5.

8)
42

9.
1 

(6
.1

, 1
2.

1)

 
B

la
ck

, n
on

-H
is

pa
ni

c
63

13
.4

 (
10

.1
, 1

6.
8)

10
16

.0
 (

5.
7,

 2
6.

2)

 
O

th
er

, n
on

-H
is

pa
ni

cd
56

6.
6 

(4
.7

, 8
.5

)
5

9.
4 

(0
.3

, 1
8.

5)

 
H

is
pa

ni
c

13
6

24
.6

 (
20

.7
, 2

8.
5)

18
12

.6
 (

6.
4,

 1
8.

7)

 
≥2

 r
ac

es
, n

on
-H

is
pa

ni
c

48
3.

7 
(2

.5
, 5

.0
)

10
25

.9
 (

9.
7,

 4
2.

1)

Pa
re

nt
al

 e
du

ca
tio

na
l a

tta
in

m
en

t

 
H

ig
h 

sc
ho

ol
 o

r 
le

ss
16

6
27

.1
 (

23
.2

, 3
1.

1)
26

16
.9

 (
10

.0
, 2

3.
9)

 
So

m
e 

co
lle

ge
25

9
33

.1
 (

29
.3

, 3
7.

0)
26

9.
8 

(5
.8

, 1
3.

8)

 
B

ac
he

lo
rs

 o
r 

hi
gh

er
39

2
39

.7
 (

35
.9

, 4
3.

6)
33

9.
3 

(5
.7

, 1
2.

9)

R
eg

io
n

 
N

or
th

ea
st

14
8

16
.0

 (
13

.2
, 1

8.
8)

16
13

.6
 (

6.
3,

 2
0.

9)

 
M

id
w

es
t

19
6

22
.0

 (
18

.8
, 2

5.
2)

17
8.

1 
(4

.1
, 1

2.
1)

 
So

ut
h

28
9

37
.6

 (
33

.6
, 4

1.
7)

33
12

.8
 (

7.
9,

 1
7.

6)

 
W

es
t

18
4

24
.3

 (
20

.7
, 2

7.
9)

19
11

.4
 (

5.
7,

 1
7.

1)

M
et

ro
po

lit
an

 s
ta

tu
s

 
M

et
ro

po
lit

an
 a

re
a

69
8

86
.5

 (
83

.9
, 8

9.
2)

69
10

.6
 (

7.
8,

 1
3.

5)

 
N

on
m

et
ro

po
lit

an
 a

re
a

11
9

13
.5

 (
10

.8
, 1

6.
1)

16
17

.4
 (

8.
7,

 2
6.

2)

a U
nw

ei
gh

te
d 

fr
eq

ue
nc

y.

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lynch and Mirabelli Page 7
b Pe

rc
en

ta
ge

 o
f 

al
l r

es
po

nd
en

ts
 in

 e
ac

h 
de

m
og

ra
ph

ic
 c

at
eg

or
y.

c Pe
rc

en
ta

ge
 w

ith
 a

st
hm

a 
w

ith
in

 e
ac

h 
de

m
og

ra
ph

ic
 c

at
eg

or
y.

d In
cl

ud
es

 A
m

er
ic

an
 I

nd
ia

n 
or

 A
la

sk
a 

N
at

iv
e,

 A
si

an
, N

at
iv

e 
H

aw
ai

ia
n 

or
 o

th
er

 P
ac

if
ic

 I
sl

an
de

r, 
or

 s
om

e 
ot

he
r 

ra
ce

.

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lynch and Mirabelli Page 8

Ta
b

le
 2

.

A
ir

 Q
ua

lit
y 

A
w

ar
en

es
s,

 P
er

ce
pt

io
ns

, a
nd

 B
eh

av
io

rs
 A

m
on

g 
81

7 
U

.S
. Y

ou
th

 W
ith

 a
nd

 W
ith

ou
t A

st
hm

a

Su
rv

ey
 q

ue
st

io
ns

A
ll 

re
sp

on
de

nt
s 

N
=8

17
W

it
h 

as
th

m
a 

n=
85

W
it

ho
ut

 a
st

hm
a 

n=
73

2

na
W

ei
gh

te
d 

%
 (

95
%

 C
I)

b
na

W
ei

gh
te

d 
%

 (
95

%
 C

I)
b

na
W

ei
gh

te
d 

%
 (

95
%

 C
I)

b

D
o 

yo
u 

th
in

k 
ai

r 
po

llu
tio

n 
ca

n 
im

pa
ct

 a
 p

er
so

n’
s 

he
al

th
 in

 a
ny

 w
ay

?
71

3
86

.4
 (

83
.5

, 8
9.

3)
73

85
.3

 (
75

.9
, 9

4.
6)

64
0

86
.6

 (
83

.6
, 8

9.
6)

D
o 

yo
u 

th
in

k 
th

er
e 

ar
e 

th
in

gs
 y

ou
 c

an
 d

o 
to

 li
m

it 
yo

ur
 o

r 
yo

ur
 f

am
ily

’s
 e

xp
os

ur
e 

to
 a

ir
 

po
llu

tio
n?

51
9

62
.1

 (
58

.1
, 6

6.
1)

49
55

.6
 (

43
.0

, 6
8.

3)
47

0
63

.0
 (

58
.8

, 6
7.

2)

H
av

e 
yo

u 
ev

er
 h

ea
rd

 o
r 

re
ad

 a
bo

ut
 th

e 
A

ir
 Q

ua
lit

y 
In

de
x 

or
 a

ir
 q

ua
lit

y 
al

er
ts

 w
he

re
 y

ou
 li

ve
?

19
7

23
.4

 (
19

.9
, 2

6.
8)

22
29

.5
 (

17
.6

, 4
1.

3)
17

5
22

.6
 (

19
.0

, 2
6.

2)

W
he

re
 d

id
 y

ou
 h

ea
r 

or
 r

ea
d 

ab
ou

t a
ir

 q
ua

lit
y 

al
er

ts
?c

 
T

V
78

37
.5

 (
29

.4
, 4

5.
6)

11
48

.2
 (

23
.7

, 7
2.

7)
67

35
.7

 (
27

.2
, 4

4.
2)

 
A

pp
 o

n 
m

ob
ile

 p
ho

ne
 o

r 
de

vi
ce

74
37

.8
 (

29
.6

, 4
6.

0)
11

64
.6

 (
43

.3
, 8

6.
0)

63
33

.2
 (

25
.0

, 4
1.

4)

 
In

te
rn

et
 o

r 
so

ci
al

 m
ed

ia
59

29
.0

 (
21

.6
, 3

6.
5)

5
22

.9
 (

3.
8,

 4
1.

9)
54

30
.1

 (
22

.0
, 3

8.
2)

 
R

ad
io

28
13

.9
 (

7.
8,

 2
0.

0)
3

10
.0

 (
0.

0,
 2

2.
0)

25
14

.6
 (

7.
8,

 2
1.

3)

 
N

ew
sp

ap
er

13
7.

7 
(2

.9
, 1

2.
6)

2
10

.5
 (

0.
0,

 2
4.

6)
11

7.
3 

(2
.2

, 1
2.

4)

 
D

oc
to

r’
s 

of
fi

ce
8

4.
5 

(0
.9

, 8
.1

)
0

—
8

5.
3 

(1
.1

, 9
.5

)

D
ur

in
gt

he
 p

as
t 1

2 
m

on
th

s,
 w

as
 th

er
e 

an
y 

tim
e 

yo
u 

th
ou

gh
t o

r 
yo

u 
w

er
e 

in
fo

rm
ed

 th
at

 a
ir

 q
ua

lit
y 

w
he

re
 y

ou
 li

ve
 w

as
 b

ad
?

10
4

12
.6

 (
9.

9,
 1

5.
3)

11
17

.1
 (

6.
8,

 2
7.

4)
93

12
.0

 (
9.

2,
 1

4.
7)

D
id

 y
ou

 d
o 

an
yt

hi
ng

 d
if

fe
re

nt
ly

 w
he

n 
yo

u 
th

ou
gh

t o
r 

w
er

e 
in

fo
rm

ed
 th

at
 a

ir
 q

ua
lit

y 
w

he
re

 y
ou

 

liv
e 

w
as

 b
ad

?d
48

48
.0

 (
36

.5
, 5

9.
6)

8
75

.3
 (

48
.0

, 1
00

.0
)

40
42

.9
 (

31
.0

, 5
4.

8)

W
hi

ch
 o

f 
th

es
e 

di
d 

yo
u 

do
 d

if
fe

re
nt

ly
 w

he
n 

yo
u 

th
ou

gh
t a

ir
 q

ua
lit

y 
w

as
 b

ad
?e

 
Sp

en
t l

es
s 

tim
e 

ou
td

oo
rs

40
87

.7
 (

78
.8

, 9
6.

7)
7

92
.2

 (
76

.8
. 1

00
.0

)
33

86
.3

 (
75

.6
, 9

6.
9)

 
C

lo
se

d 
w

in
do

w
s 

of
 h

ou
se

22
41

.4
 (

25
.5

, 5
7.

4)
4

33
.6

 (
0.

4,
 6

6.
8)

18
44

.0
 (

26
.4

, 6
1.

6)

 
E

xe
rc

is
ed

 in
do

or
s 

in
st

ea
d 

of
 o

ut
si

de
20

37
.3

 (
21

.8
, 5

2.
8)

2
13

.8
 (

0.
0,

 3
4.

2)
18

45
.0

 (
27

.4
, 6

2.
6)

 
D

id
 le

ss
 s

tr
en

uo
us

 a
ct

iv
ity

11
23

.1
 (

8.
6,

 3
7.

6)
3

35
.8

 (
0.

0,
 7

3.
6)

8
19

.0
 (

4.
5,

 3
3.

5)

 
E

xe
rc

is
ed

 o
n 

a 
di

ff
er

en
t d

ay
/ti

m
e

8
17

.3
 (

4.
5,

 3
0.

1)
1

9.
2 

(0
.0

, 2
7.

2)
7

19
.9

 (
4.

4,
 3

5.
4)

H
av

e 
yo

u 
an

d 
yo

ur
 d

oc
to

r, 
nu

rs
e,

 o
r 

ot
he

r 
he

al
th

 p
ro

fe
ss

io
na

l e
ve

r 
ta

lk
ed

 a
bo

ut
 h

ow
 to

 li
m

it 
yo

ur
 e

xp
os

ur
e 

to
 a

ir
 p

ol
lu

tio
n?

29
3.

3 
(1

.9
, 4

.8
)

8
12

.5
 (

3.
1,

 2
1.

9)
21

2.
1 

(1
.1

, 3
.1

)

a U
nw

ei
gh

te
d 

fr
eq

ue
nc

y.

b C
ol

um
n 

%
, u

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d.

c A
m

on
g 

19
7 

re
sp

on
de

nt
s 

(2
2 

w
ith

 a
st

hm
a,

 1
75

 w
ith

ou
t a

st
hm

a)
 w

ho
 h

ad
 h

ea
rd

 o
r 

re
ad

 a
bo

ut
 th

e 
A

ir
 Q

ua
lit

y 
In

de
x 

or
 a

ir
 q

ua
lit

y 
al

er
ts

.

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lynch and Mirabelli Page 9
d A

m
on

g 
10

4 
re

sp
on

de
nt

s 
(1

1 
w

ith
 a

st
hm

a,
 9

3 
w

ith
ou

t a
st

hm
a)

 w
ho

 th
ou

gh
t o

r 
w

er
e 

in
fo

rm
ed

 th
at

 a
ir

 q
ua

lit
y 

w
as

 b
ad

.

e A
m

on
g 

48
 r

es
po

nd
en

ts
 (

8 
w

ith
 a

st
hm

a,
 4

0 
w

ith
ou

t a
st

hm
a)

 w
ho

 r
ep

or
te

d 
do

in
g 

so
m

et
hi

ng
 d

if
fe

re
nt

ly
 w

he
n 

th
ey

 th
ou

gh
t o

r 
w

er
e 

in
fo

rm
ed

 th
at

 a
ir

 q
ua

lit
y 

w
as

 b
ad

.

Am J Prev Med. Author manuscript; available in PMC 2022 November 01.


	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Table 1.
	Table 2.

