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Background:

Asthma is the most common chronic disease in children and a cause of increasing emergency room
visits. Seeing the value that a peak flow meter (PFM) could provide, our primary objective was to
determine the reported rate at which individuals were provided PFM instruction by their healthcare
professionals (HCP) using data from the Behavioral Risk Factor Surveillance System (BRFSS)
Asthma Call-back Survey (ACBS)."> Our secondary objective was to compare physician education
of PFM use and the amount of times the child was brought to the emergency room or urgent care
for asthma exacerbation.

Methods:

Using the data from the 2015-2019 CDC’s BRFSS ACBS child codebooks for children aged 0-17
years, we evaluated different forms of asthma management education for children by age and
race/ethnicity and compared if the same child went to the emergency room.

Results:

Our results showed that an average of 37.58% of children were taught how to use a peak flow
meter- the highest rate with American Indian or Alaskan Native children (42.45%). Black children
were the most likely to visit the emergency room (20.85%) and 14.24% of children who were
taught how to use a PFM went to the emergency room- a statistically significant result.

Conclusions:

Given previous research showing poor performance of appropriate PFM techniques among HCP,
medical institutions and residency programs should incorporate adequate training for PFM usage,
as well as require continuing education credits for asthma for all HCP that could be charged with
patient education of PFM use.


https://paperpile.com/c/MJLPhS/hec6S

Introduction:

Asthma is the most common chronic disease in children, affecting approximately 5 million
children and a total of 25 million people in the United States.! Episodic dyspnea, chronic cough,
and wheezing are characteristic of asthma, and most children with asthma show symptoms
before they are five years old.? In 2019, the age 0-4 age bracket had the greatest number of
emergency room (ER) visits and hospitalizations for asthma, followed by the age 5-17 age
group.® If asthma is not properly managed, it can lead to permanent lung damage.*

The Asthma and Allergy Foundation of America states that asthma is found at higher rates in
Black, Hispanic, and American Indian/Alaskan Native populations.’ Children raised in
underprivileged urban areas are more likely to have asthma and children of a lower
socioeconomic status (SES) are hospitalized at higher rates than children from a higher
socioeconomic status.® Health literacy among historically marginalized groups and those of low
SES has also been shown to have a decrease in asthma education, resulting in worse asthma
prognosis for the child.” Children with asthma are more than twice as likely to visit the ER
compared to adults, and with 1 in 20 children with asthma being hospitalized annually, it is
crucial to equip children and their caregivers with strategies to prevent asthma exacerbation.**

ER visits by pediatric patients for asthma rose by approximately 200,000 total visits between the
years 2017 and 2020.° Despite increased ER visits, total hospitalizations decreased by
approximately 15,000 visits.”!? In the same timeframe, pediatric mortality attributed to asthma
has fluctuated within a narrow range, dropping to 178 deaths in 2019 but rising to 204 deaths in
2020.'"12 In order to improve asthma management and reduce visits to the ER, the American
Lung Association and Global Initiative for Asthma state an asthma action plan with a peak flow
meter (PFM) can be used after receiving physician instruction. A PFM is a device that is able to
measure the amount of air a child can forcefully exhale in one breath.!® Effective use can detect
airway narrowing, even before a child is symptomatic, which is particularly helpful in younger
children who cannot yet communicate their symptoms. >4

Seeing the value that effective use of a PFM could provide, our primary objective was to
determine the reported rate at which individuals were provided PFM instruction by their
healthcare professionals (HCP) using data from the Behavioral Risk Factor Surveillance System
(BRFSS) Asthma Call-back Survey (ACBS).!> Our secondary objective was to compare
physician education of PFM use and the amount of times the child was brought to the ER or
urgent care for asthma exacerbation.


https://paperpile.com/c/MJLPhS/hUnj
https://paperpile.com/c/MJLPhS/Zj6r
https://paperpile.com/c/MJLPhS/fd0h
https://paperpile.com/c/MJLPhS/Ga4S
https://paperpile.com/c/MJLPhS/RGDd
https://paperpile.com/c/MJLPhS/2Sg0
https://paperpile.com/c/MJLPhS/3OZx
https://paperpile.com/c/MJLPhS/Ga4S+xOM3
https://paperpile.com/c/MJLPhS/srgK
https://paperpile.com/c/MJLPhS/srgK+ZS2S
https://paperpile.com/c/MJLPhS/Q7OD
https://paperpile.com/c/MJLPhS/bRRM
https://paperpile.com/c/MJLPhS/PyXS
https://paperpile.com/c/MJLPhS/PyXS+k6I1
https://paperpile.com/c/MJLPhS/hec6S

Methods:

We analyzed the combined data from the 2015-2019 CDC’s BRFSS ACBS child codebooks for
children aged 0-17 years. The CDC sends out a yearly survey through BRFSS to all 50 US states,
the District of Columbia, and three US territories. BRFSS is a phone-based data collection
system for information related to health risks; this data is available publicly on the CDC
website.!® For those individuals who answered “yes” to having asthma on the BRFSS for their
child, they were called again to participate in the ACBS. The ACBS asks the participant in-depth
questions about their child’s demographics, management of asthma, access and implementation
of medical resources, the child’s environment, and the school-associated risks.!” This study was
not submitted to an institutional review board as it does not meet requirement as human subjects
research. '8

Inclusion criteria

For a child to be included in our analysis, their caregiver/respondent must have reported that they
currently have asthma as demonstrated by affirmative responses to the the prompts 1) “Have you
ever been told by a doctor or other HCP that [child's name] had asthma?” and 2) “Does [he/she]
still have asthma?” Children from age 0 to 4 were not included in our study as they are too young
to be able to perform and be properly taught by HCP proper asthma prevention techniques.'’

Variables

To assess if a child has been taught how to use a PFM and if the same child has been to the ER
due to their asthma, the ACBS asks the question: “Has a doctor or other HCP ever taught you or
[child's name] how to use a PFM to adjust [his/her] daily medications?”” and “During the past 12
months, has [child's name] had to visit an ER or urgent care center because of [his/her] asthma?”
Other data extracted from the ACBS was pertaining to other forms of asthma related education
such as whether a HCP discussed signs/symptoms of asthma exacerbation, what to do during
asthma related-distress, and whether they watched the child use an inhaler. Additionally, we
extracted data regarding the child’s race/ethnicity.

Statistical analysis

We first reported the demographic (age and race/ethnicity) of children included in the study and
then reported the prevalence of individuals receiving PFM instructions from HCP and within
subgroups based on age and race/ethnicity. We then assessed associations between PFM
instruction and ER visits via odds ratios using logistic regression, controlling for age,
race/ethnicity, and other asthma-related education. Alpha was set at 0.05 and confidence
intervals (CI) were reported at 95%.
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Results:

Table 1. Rates of reported healthcare provider for children with asthma in the 2015-2019 BRFSS Asthma

Child Back Survey

(n=4629, N=2518182).

Peak Flow Recognize signs/symptoms

No Yes Total No Yes Total
Total 2856 (62.42)| 1773 (37.58)| 4629 (100) | 900 (22.21) [3723 (77.79)| 4623 (100)
Age
5-9 785 (69.69) | 340 (30.31) | 1125 (34.85)| 250 (23.42) | 870 (76.58) | 1120 (34.9)
10-14 1185 (61.48)| 726 (38.52) [ 1911 (37.08) | 348 (22.09) | 1561 (77.91) 1909 (36.99)
15-17 886 (54.64) | 707 (45.36) 1593 (28.07)| 302 (20.85) | 1292 (79.15) 1594 (28.11)
Race/Ethnicity
White 1903 (64.1) | 1124 (35.9) |3027 (48.04)| 552 (21.11) | 2463 (78.89)| 3015 (47.8)
Black 208 (58.58) | 178 (41.42) | 386 (14.67) | 76 (19.39) [ 311 (80.61) | 387 (14.66)
IAsian 76 (67.1) 37(32.9) 113(3.48) | 24 (19.31) | 90(80.69) | 114(3.46)
IAmerican Indian or
IAlaska Native 32 (57.55) | 33(42.45) 65 (0.59) 16 (19.14) | 49 (80.80) 65 (0.59)
Multiracial or other
race not listed 183 (67.02) | 81(32.98) | 264 (5.24) | 56(24.05) | 205 (75.95) | 261 (5.22)
Hispanic 454 (60.22) | 320 (39.78) | 774 (27.99) | 176 (25.6) | 605 (74.4) | 781 (28.27)

Taught what to do in distress Watch inhaler

No Yes Total No Yes Total
Total 670 (15.92) {3961 (84.08)| 4631 (100) | 637 (19.24) {3415 (80.76)| 4052 (100)
Age
5-9 205 (18.11) | 919 (81.89) | 1124 (34.92)| 208 (25.61) | 719 (74.39) | 927 (33.53)
10-14 254 (14.4) | 1654 (85.6) | 1908 (37.04)| 248 (17.43) | 1441 (82.57)|1689 (36.59)
15-17 211 (15.19) | 1388 (84.81)|1599 (28.04)| 181 (14.31) [ 1255 (85.69)| 1436 (29.89)
Race/Ethnicity
White 371 (14.77) |2652 (85.23) 3023 (48.08) [ 377 (18.12) [2306 (81.88) 2683 (47.96)
Black 58 (13.31) | 331 (86.69) | 389 (14.57) | 61 (18.46) | 285 (81.54) | 346 (14.34)
IAsian 17 (13.35) | 96 (86.65) 113 (3.41) 23 (33.7) 73 (66.3) 96 (3.32)
\American Indian or
IAlaska Native 14 (17.84) | 51(82.16) 65 (0.59) 7(9.22) 53 (90.78) 60 (0.68)
Multiracial or other
race not listed 41 (17.38) | 223 (82.62) | 264 (5.35) | 43 (12.13) | 180 (87.87) | 223 (5.21)
Hispanic 169 (19.24) | 608 (80.76) 777 (28) 126 (21.36) | 518 (78.64) | 644 (28.49)




Table 2. Associations of ER visits by children with current asthma at the time of reporting (423 of 4620,

11.36%) and instruction by healthcare professionals controlling for age and race/ethnicity.

ER visit in the past
12 months Logistic Regression
AOR
Variable n (%) OR (95%CI) | AOR (95%CI) (95%CI)
PeakFlow instruction '
No instruction 227 (9.81) 1 (Reference) I (Reference) 1 (Reference)
1.59
Yes, received instruction 196 (14.24) 1.53(1.05-2.21) | 1.59(1.09-2.31) | (1.07-2.36)

Recognize signs/symptoms

No instruction 67 (9.54) | (Reference) - | 1 (Reference)

Yes, received instruction 355 (11.95) 1.29 (0.73-2.27) - 1.46 (0.67-3.2)

'What to do in Distress

No instruction 65(12.79) | (Reference) - 1 (Reference)
0.49

Yes, received instruction 358 (11.09) 85 (.50-1.44) - (0.23-1.05)

Watch inhaler use*

No instruction 60 (10.73) | (Reference) - 1 (Reference)
1.26

Yes, received instruction 333 (12.56) 1.19 (0.68-2.08) (0.69-2.29)

Race/Ethnicity

White 213 (8.29) | (Reference) 1 (Reference) | 1 (Reference)
2.70

Black 73 (20.85) 2.91(1.79-4.73) | 2.77 (1.68-4.57) | (1.57-4.65)
0.05

Asian 5(4.55) 0.53(0.14-2.02) | 0.54(0.14-2.07) | (0.01-0.29)

American Indian or Alaska

Native 9 (6.58) 0.78 (0.26-2.3) | 0.72 (0.23-2.24) 0.61 (0.2-1.91)

Multiracial or other race not 0.79

listed 22 (9.63) .18 (0.52-2.68) | 1.11 (0.47-2.65) | (0.28-2.22)

Hispanic 107 (13.11) 1.67 (1.06-2.63) | 1.52(0.95-2.42) [1.32 (0.79-2.2)

Age

5-9 153 (14.36) | (Reference) 1 (Reference) | 1 (Reference)
0.75

10-14 170 (11.5) 0.78 (0.51-1.17) | 0.81 (0.53-1.25) | (0.48-1.19)
0.43

15-17 106 (7.67) 0.5(0.3-0.81) | 0.48 (0.29-0.79) | (0.25-0.74)

Sample size and population size

The number of children included in our review of data was 4629, representing 2,518,182
children in the United States (Table 1). By age group, 1125 (24.38%) of children were ages 4-9,
1911 (41.28%) of children were age 10-14, and 1594 (34.43%) of children were age 15-17 when
the surveys were taken (Table 1). By race and ethnicity, our review included 3,027 (65.39%)
White children, 781 (16.87%) Hispanic children, 389 (8.40%) Black children, 264 (5.70%)
children of multiple or unlisted races, 114 (2.46%) Asian children, and 65 (0.14%) American
Indian or Alaska Native children (Table 1).




Rates of asthma instruction/education by age and race/ethnicity

Among the children included in our analysis, 37.58% reported being taught how to use a PFM by
a HCP—with instruction provided for PFM increasing with increased age (Table 1). The highest
rates of PFM instruction were among children who were Black (41.42%) and American Indian or
Alaska Native (42.45%). Rates of other education and instruction were much higher and similar
throughout the groups with 77.79% reporting education for symptom awareness, 84.08%
reporting receiving instruction on what to do in distress, and 80.76% reporting having a HCP
watching when using an inhaler. Demographic breakdown of this data is provided in Table 1.

Among all children, 423 of 4,620 (11.36%) reported going to the ER in the past 12 months for
asthma-related events— 20.85% of Black children, 13.11% of Hispanic children, 9.63% of
children who are multiracial or other race, 8.29% of White children, 6.58% of American Indian
or Alaska Native, and 4.55% of Asian children included in the study (Table 2). Compared to
White children, Black children were more likely to need to visit the ER (AOR: 2.70; 95%CI:
1.57-4.65), while Asian children were less likely (AOR: 0.05; 95%CI: 0.01-0.29). Rates of ER
visits by age were 14.36% among chile children aged 5-9, 11.5% of those children aged 10-14,
7.67% of those children aged 15-17. Compared to the younger group (age 5-9), those aged 15-17
were much less likely to visit the ER (AOR 0.43; 95%CI: 0.25-0.74).

Finally, our results showed 14.24% of those who received PFM instruction visited the ER in the
last twelve months—a statistically significant finding— compared to the 9.81% that did not
receive instruction (AOR:1.59; 95%CI: 1.07-2.36; Table 2). This was followed by those taught
how to use an inhaler- 12.56% vs 10.73% (AOR 1.26; 95%CI; 0.69-2.29), those taught to
recognize signs and symptoms- 11.95% vs 9.54% (AOR1.46; 95%CI; 0.67-3.2), and lastly those
taught what to do in distress- 11.09% vs 12.79% (AOR 0.49; 95%CI; 0.23-1.05).

Discussion:

Our findings showed individuals with asthma who received PFM education from a physician
were more likely to visit the ER than individuals did not. These findings differ from those of
Hamdan et al- they found that the leading causes of individuals seeking emergency care for
asthma exacerbations were due to lack of education and uncontrolled asthma. Of the adult
patients they surveyed, 51.6% presented to the ER without ever receiving asthma education from
a HCP.?® Thus, from our results, we posit that only children with severe asthma were given
additional PFM instruction—as only approximately 40% received this instruction compared to
80-90% of other educational modalities—and therefore may be more likely to need emergency
care.

We also found that the highest rates of PFM education were among Black and American Indian
or Alaskan Native children- both having higher rates of asthma in their populations when
compared to other races/ethnicities.?! Forno et al studied the environmental factors and
socioeconomic status by race to determine some of the risk factors associated with asthma
severity. They reported that Black individuals in this study had an increased exposure to
cockroaches, leading to higher indoor allergens, and rates of obesity- both of which increase the
rates of asthma. American Indian or Alaskan Native individuals were 10% more likely to smoke
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and 4% more likely to be exposed to in utero smoking compared to other races/ethnicities. These
factors also increase the incidence for the individual to develop asthma.?

Since 2017, asthma-related ER visits have risen annually while hospitalizations have consistently
declined”!®—implying that patients and caregivers feel unequipped to handle asthma
exacerbations despite episodes not warranting inpatient care.”> Mudd et. al, analyzed why
children with asthma were brought to the ER from August 2013 through June 2015 in the
Baltimore metropolitan area (n=150). The most common reason was parent urgency (91%). Of
these “urgent” reasons, 36% were due to the parents being scared®* while asthma also is more
present among children in households with low parental health literacy.®” Thus, a healthcare
provider can help eliminate fear and improve health literacy through advancing parental
knowledge and making a written treatment plan,?>2® which previous studies report children often
do not have.?”?® An asthma-action plan provides guidance in evaluating symptoms and
preventive care for the child, including when to go to the ER. An asthma action plan categorizes
the patient’s exhalation force into one of three zones (green, yellow, or red). One of the two ways
to assign respiratory effort into the correct zone uses a PFM reading.?

While not specifically related to our results, but relevant to the topic, are two studies tested
HCP's technique using metered dose inhalers.?**! These studies recommended that providers
receive further training after finding that physicians are unlikely to perform all steps correctly.
While a metered dose inhaler is different from a PFM, we suspect the discrepancy in performing
the steps required for proper usage would be present in both cases. Thus, the lack of skill
physicians may have in using the PFM may also be passed on to patients and further training
may improve technique among groups. Sleath et al. studied children ages 8-16 (n=296) with
asthma and found that most providers did not check patient technique of PFM use, and only 24%
of patients were able to correctly use their device.** A follow-up study showed that children who
were asked to demonstrate inhaler technique during the initial visit were able to perform more
steps at a 1 month follow-up compared with children who were not asked to demonstrate
technique.*’

Healthy People 2030, an initiative by the U.S. Department of Health and Human Services, has
several asthma-related objectives, including the reduction of pediatric visits to the ER.** In 2010,
asthma-related pediatric visits to the ER cost Medicaid programs an estimated $270 million.®
Not only does asthma claim substantial tax dollars, but in 2006-2008, uninsured pediatric
patients were charged $1,120 per ER visit.*® With 69% of those uninsured patients having low
income, the out-of-pocket cost for an ER visit can create financial hardship for a family.***’ This
emphasizes the need for the provider to teach the child or caregiver how to monitor and evaluate
their asthma in the primary care setting. While our results did not show that PFM education
reduced ER visits, the Community Preventive Services Task Force demonstrated that when
individuals were taught asthma management interventions by a HCP, the number of
hospitalizations and ER visits decreased.*® An intervention recommended by the American Lung
Association is "Kickin' Asthma," a course created to improve asthma self-management
techniques for adolescents by educating them on the early signs and causes of an asthma
exacerbation as well as when to seek treatment.>’
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Potential limitations found within the BRFSS survey include recall bias, non-response bias, and
social desirability bias.*’ However; the complex survey design within BRFSS ACBS data
collection likely mitigates these potential downfalls. More specific to our study, the ACBS did
not ask the respondents who reported PFM education about frequency of PFM use or if they
were using the device prior to the ER visit. Another potential limitation is that the PFM training
may have been provided during or after the ER visit as the temporal sequence of events cannot
be ascertained from the survey data. Future research should consider the HCP’s role in asthma
management—as previously mentioned, other studies demonstrated inadequate HCP technique
for metered dose inhalers, though little information is available regarding HCP knowledge for
training parents or children in appropriate PFM use, though implementation of continuing
education modules for proper use of these devices and hands-on demonstrations could be
beneficial given the evidence of HCP lack of proficiency of PFM technique. Another possible
avenue of future research could evaluate whether the use of both PFM and an asthma action plan
together could decrease the amount of ER visits.

We found that rates of PFM education were lower than other forms of education with disparities
in both age or race. Further, having PFM education from a HCP was associated with higher
occurrence of asthma-related ER visits—contradicting other studies. This may be due to children
with more severe asthma being perceived to need more education regarding PFM use.
Alternatively, this discrepancy in ER usage in those with PFM may be related to the increased
recognition that a patient is having an active exacerbation after PFM use which prompts an ER
visit. Given previous research showing poor performance of appropriate PFM techniques among
HCP, medical institutions and residency programs should incorporate adequate training for PFM
usage, as well as require continuing education credits for asthma for all HCP that could be
charged with patient education of PFM use.
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