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\ among these youth with diabetes. /

WHAT’S KNOWN ON THIS SUBJECT: Asthma, obesity, and \
diabetes are common, complex conditions among youth that have
increased in prevalence over the last 2 decades. Poor glycemic
control increases the risk of diabetes-related complications, but
the contribution of asthma to glycemic control is not well
understood.

WHAT THIS STUDY ADDS: Described is the prevalence of asthma
among a diverse cohort of youth with type 1 and type 2 diabetes,
and the association between asthma and glycemic control is
examined. Asthma was associated with poor glycemic control

OBJECTIVE: To estimate the prevalence of asthma among youth with
types 1 and 2 diabetes and examine associations between asthma and
glycemic control.

METHODS: This was a cross-sectional analysis of data from the
SEARCH for Diabetes in Youth study, which included youth diagnosed
withtype 1 (n = 1683) and type 2 (n = 311) diabetes from 2002 through
2005. Asthma status and medications were ascertained from medical
records and self-administered questionnaires, and glycemic control
was assessed from hemoglobin A1c measured at the study visit.

RESULTS: Prevalence of asthma among all youth with diabetes was
10.9% (95% confidence interval [Cl]: 9.6%—12.3%). The prevalence was
10.0% (95% Cl: 8.6%—11.4%) among youth with type 1 and 16.1% (95% Cl:
12.0%—-20.2%) among youth with type 2 diabetes and differed accord-
ing to race/ethnicity. Among youth with type 1 diabetes, those with
asthma had higher mean Alc levels than those without asthma, after
adjustment for age, gender, race/ethnicity, and BMI (7.77% vs 7.49%; P =
034). Youth with asthma were more likely to have poor glycemic control,
particularly those with type 1 diabetes whose asthma was not treated with
pharmacotherapy, although this association was attenuated by adjust-
ment for race/ethnicity.

CONCLUSIONS: Prevalence of asthma may be elevated among youth
with diabetes relative to the general US population. Among youth with
type 1 diabetes, asthma is associated with poor glycemic control, es-
pecially if asthma is untreated. Specific asthma medications may de-
crease systemic inflammation, which underlies the complex relation-
ship between pulmonary function, BMI, and glycemic control among
youth with diabetes. Pediatrics 2011;128:839—847
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Asthma, diabetes, and obesity are
common, complex disorders for which
the prevalence among youth has in-
creased since the 1990s."-3 Although
several epidemiologic studies have re-
ported their co-occurrence,**the rela-
tionship between these 3 conditions is
not well understood. Because obesity
has recently been recognized as a con-
dition of systemic inflammation, inves-
tigators have proposed a relationship
between the proinflammatory state in
obesity and the increasing prevalence
of asthma.®"2The inflammation under-
lying obesity may further exacerbate
the immune dysregulation inherent in
both asthma and type 1 diabetes.’2'3 In
addition, upregulation of inflammatory
processes inthe obese state is associ-
ated with insulin resistance, and it is
well established that insulin resis-
tance plays a primary role in the
pathogenesis of type 2 diabetes.™

Moreover, several studies have ob-
served associations between impaired
lung function and elevated glucose lev-
els, as well as diabetes diagnoses.
These studies demonstrated poorer
pulmonary function among persons
with diabetes compared with nondia-
betic controls.’'8 Longitudinal studies
in persons with diabetes found that
those with poorly controlled diabetes,
or high hemoglobin Alc levels, have
steeper declines in lung function over
time than those with good glycemic con-
trol."'8 Although good glycemic control
prevents or delays the onset of diabetic
complications in children,'® adoles-
cents,® and adults?'? with type 1 and
type 2 diabetes, the relationship be-
tween asthma and glycemic control
among youth with type 1 and type 2 dia-
betes has not been thoroughly
investigated.

The SEARCH for Diabetes in Youth
Study (SEARCH) is a large observa-
tional study among a highly diverse
population of children and adoles-
cents with type 1 and type 2 diabetes.
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We describe the prevalence of asthma
among these youth with type 1 and
type 2 diabetes, and explore its associ-
ation with the demographic and clini-
cal characteristics of the youth in the
study. We also examine the association
between asthma and categories of gly-
cemic control, as measured by hemo-
globin Alc, as well as the relationship
between asthma treatment and glyce-
mic control, among youth with type 1
diabetes and asthma.

METHODS

Population and Data Sources

SEARCH is a multicenter study that be-
gan conducting population-based as-
certainment of youth with clinically di-
agnosed diabetes who were younger
than 20 years in 2001 and continues to
enroll youth with newly diagnosed (in-
cident) diabetes.?s SEARCH recruited
youth from 4 geographically defined
populations, Indian Health Service ben-
eficiaries from 4 Native American pop-
ulations, and enrollees in several man-
aged health care plans. Institutional
review boards for each site approved
the study protocol.

SEARCH participants who completed
an initial survey were asked to partici-
pate in an in-person visit. At the time of
the study visit, informed consent and
assent (when applicable) was ob-
tained, health questionnaires were
administered, and physical mea-
surements and blood samples were
obtained from metabolically stable
participants (no episodes of diabetic
ketoacidosis during the previous
month) after a minimum 8-hour over-
night fast. All measures were con-
ducted by trained, certified staff in ac-
cordance with standardized study
protocols. Information was abstracted
from the medical record for the period
from 2 months before to 6 months af-
ter diagnosis for inpatient and outpa-
tient clinical encounters and pre-
scribed medications.

Glycemic Control

Hemoglobin Alc was measured in
blood drawn at the study visit, by ion
exchange, high-performance liquid
chromatography (Tosoh Bioscience,
Montgomeryville, PA). Hemoglobin Alc
was used to categorize glycemic con-
trol in accordance with the American
Diabetes Association recommended
age-specific cutoff points for good con-
trol (7.5%—8.5% at younger than 6
years, <8.0% at age 6—12 years,
<7.5% at age 13—18 years, and <7.0%
at age 19 years and older) 24% Values
of hemoglobin Alc >9.5% at any age
were classified as “poor” control; “in-
termediate” control includes values
between the definition of “good” and
“poor” control.

Asthma Status

Study participants were classified as
having asthma if (1) a diagnosis of
asthma was present in their medical
record or (2) if asthma was reported
on the health questionnaire completed
at the time of the study visit and a pre-
scription for at least 1 asthma-specific
medication was noted in the medical
record or reported in the medication
inventory section of the health ques-
tionnaire. All other participants, in-
cluding those who reported on the
health questionnaire having asthma
but had no corresponding diagnosis or
prescription for asthma medications
in the medical record, nor any indica-
tion of asthma-specific medications on
the health questionnaire, were classi-
fied as not having asthma.

Asthma Medication

Asthma medications listed in the med-
ical record or reported on the health
questionnaire were categorized as in-
haled corticosteroids (Beclometha-
sone Dipropionate, Budesonide, Fluti-
casone, Fluticasone-Salmeterol, and
Triamcinolone Acetonide), leukotriene
modifiers (Montelukast), rescue inhal-



ers (Albuterol, Albuterol Sulfate, Leval-
buterol, Metaproterenol Sulfate, and
Pirbuterol Sulfate), and other inhaled
medications (Gromolyn, Ipratropium
Bromide, and Salmeterol). For analytic
purposes, asthma medications were
grouped hierarchically into the follow-
ing categories: (1) inhaled corticoste-
roids, alone or in combination with any
other medication; (2) leukotriene mod-
ifiers, alone or in combination with any
other medication except inhaled corti-
costeroids; and (3) rescue inhalers,
alone or in combination with any other
medication except inhaled corticoste-
roids or leukotriene modifiers.

Clinical and Demographic
Characteristics

Diabetes type was based on physician
diagnosis. Height and weight were
usedto calculate BMI. Age- and gender-
specific BMI z scores were derived
from the Centers for Disease Gontrol
and Prevention national standards,
and used to define BMI categories: un-
derweight or normal weight if <85th
percentile, overweight if between 85th
and 95th percentiles, and obese if
=95th percentile.

Race/ethnicity was obtained through
self-report using standard census
questions.2® Youth who reported His-
panic ethnicity were categorized as
Hispanic; non-Hispanic youth who re-
ported >1 race were categorized by
using the plurality approach of the Na-
tional Center for Health Statistics.?” Pa-
rental education, household income,
family composition, and insurance sta-
tus were obtained at the time of the
study visit. Participants were catego-
rized as living in a 2-parent household,
1-parent household, or other living sit-
uation. Parental education was de-
fined as the highest educational level
attained by either parent. Insurance
status was classified as private (pro-
vided by an employer or purchased
by the participant or his or her fam-
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ily), state-funded (including Medic-
aid, Medicare, and other state-funded
sources), other forms (including In-
dian Health Service, student health
clinics, military, or other/unknown
sources), and no insurance.

Statistical Analysis

x2tests were used to determine signif-
icant differences in proportions of
clinical and demographic characteris-
tics according to asthma status,
among all youth with diabetes and ac-
cording to diabetes type. Fisher’s exact
test was used for variables with ex-
pected counts <10. We examined as-
sociations between asthma (yes/no)
and categories of glycemic control us-
ing multinomial logistic regression
models, and used multiple logistic re-
gression to test for significant associ-
ation between asthma (yes/no) and
poor glycemic control (yes/no). We
transformed continuous hemoglobin
Alc to approximate univariate normal-
ity and examined its association with
asthma. Models were adjusted for age
at examination, gender, race/ethnicity,
and BMI status. Lastly, we examined
association between categories of gly-
cemic control and asthma medication
use, among youth with type 1 diabetes
and asthma. Analyses were performed
with SAS 9.1 (SAS Institute, Cary, NC).

RESULTS

The study sample consisted of 1994
youth with diabetes ranging in age
from 3to 21 years; 1683 had type 1 and
311 had type 2 diabetes (Table 1).
Among all participants, asthma was
present in 218 youth (10.9% [95% con-
fidence interval (Cl): 9.6%—12.3%]), in-
cluding 168 youth with type 1 (10.0%
[95% Cl: 8.6%—11.4%]) and 50 youth
with type 2 diabetes (16.1% [95% Cl:
12.0%—20.2%]). Overall, compared with
those without asthma, a higher propor-
tion of participants with asthma were
older; male; black, Hispanic, or Asian/Pa-
cific Islander; obese, and from single-
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parent households. Youth with asthma
were also more likely to have poor glyce-
mic control (P = .025). The majority of
participants (57.3%) with asthma were
treated with rescue inhalers alone or in
combination with other inhaled medica-
tions. Approximately 11% were treated
with inhaled corticosteroids and 13%
with leukotriene modifiers, while 18%
had no indication of asthma pharmaco-
therapy in the medical record or on the
health questionnaire.

Associations between demographic
characteristics and asthma status were
predominantly driven by youth with type
1 diabetes (Table 1). In addition, asthma
was significantly associated with gly-
cemic control among youth with type 1
diabetes but not among youth with
type 2 diabetes. Less than 15% of the
entire sample had type 2 diabetes; only
90 of those had asthma. The demo-
graphic characteristics of youth with
type 2 were substantially different
fromthose with type 1 diabetes. There-
fore, we conducted the remaining
analyses of asthma among youth with
type 1 diabetes.

Among participants with type 1 diabetes,
the unadjusted risk for intermediate ver-
sus good glycemic control was not signif-
icantly elevated for youth with asthma
compared with those without asthma
(Table 2). However, those with asthma
were 1.37 times as likely to have poor
glycemic control than good control
(95% Cl: 1.08—1.73) and 1.91 times as
likely to have poor glycemic control
than either intermediate or good con-
trol (95% Cl: 1.21-3.02) compared with
youth without asthma. Although risk
for poor glycemic control remained
significantly elevated after adjustment
for gender and age at examination, ad-
justment for race/ethnicity substan-
tially attenuated odds ratios and their
significance. Further adjustment for
BMI had little impact on the estimates
of risk for poor glycemic control.
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TABLE 2 Unadjusted and Adjusted 0dds Ratios and 95% Cls for the Association Between Asthma and Categories of Glycemic Control
All Participants (N = 1994) Type 1 Diabetes Only (n = 1683)

Variable

Poor (n = 214)
vs Intermediate/Good

Poor(n = 162)
vs Intermediate/Good

Poor (n = 162) vs
Good (n = 1032)2

Intermediate (n = 489)
vs Good (n = 1032)°

Poor (n = 214) vs
Good (n = 1234)2

Intermediate
(n = 546) vs Good

(n=1234)2 (n = 1780)® (n=1521)°

Asthma, unadjusted

No Referent Referent Referent Referent Referent Referent

Yes 0.97 (0.82-1.15) 1.29 (1.06—1.58) 1.76 (1.19-2.61) 1.01(0.84-1.08) 1.37 (1.08-1.73) 1.91(1.21-3.02)
Asthma, adjusted®

No Referent Referent Referent Referent Referent Referent

Yes 0.96 (0.81-1.14) 1.25 (1.02—1.54) 1.65 (1.10-2.46) 1.00 (0.83-1.20) 1.33 (1.05—-1.69) 1.83 (1.15-2.90)
Asthma, adjustedd

No Referent Referent Referent Referent Referent Referent

Yes 0.97 (0.82-1.15) 1.16 (0.94—1.43) 1.40 (0.92-2.11) 1.00 (0.83-1.20) 1.17 (0.91-1.50) 1.41(0.87-2.30)
Asthma, adjusted®

No Referent Referent Referent Referent Referent Referent

Yes 1.00 (0.84—1.18) 1.19 (0.96-1.47) 1.41(0.93-2.14) 1.02 (0.85—-1.24) 1.20 (0.93—-1.54) 1.41(0.87-2.30)

Glycemic control defined as good (hemoglobin Alc between 7.5% and 8.5% at younger than 6 years of age, <<8.0% at 6—12 years of age, <7.5% at 13—18 years of age, and <<7.0% at 19 years
of age and older); and poor (hemoglobin Alc >9.5% at any age); and intermediate (values between the definition of good and poor control).

a Estimates and Cls from multinomial logistic regression model.

b Estimates and Cls from standard logistic regression model.

¢ Effect of asthma adjusted for age at examination and gender.

d Effect of asthma adjusted for age at examination, gender, and race/ethnicity.
¢ Effect of asthma adjusted for age at examination, gender, race/ethnicity, and BMI.

100%
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90%

— B Intermediate
B Poor

80%

70%

60%

Prevalence
W
<
X

40%

30%

20%

10% iiiiiii
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Leukotriene modifier ~ Rescue inhaler

Inhaled No medication

corticosteroid

Asthma medication

FIGURE 1

Proportion of good, intermediate, and poor glycemic control among youth with type 1 diabetes and
asthma. Level of glycemic control varied significantly according to asthma medication (P = .045). The

Pvalue was determined by using Fisher’s exact test.

DISCUSSION

In this sample of 1994 youth with dia-
betes, the prevalence of asthma was
10.9%. This estimate is slightly higher
than population-based prevalence es-
timates based on self-report, pub-
lished by the Centers for Disease Con-
trol and Prevention in 2001, that 8.7%
of all youth younger than 18 years in
the United States had asthma.2® When
we restricted our sample to youth
younger than 18 years at the time of
the study visit for comparison pur-
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poses (n=1891),10.8% (95% Cl: 9.4%—
12.2%) had asthma. Consistent with
reports from other studies, the
higher prevalence of asthma ob-
served in the SEARCH study popula-
tion may be indicative of an increas-
ing incidence of asthma among youth
with diabetes compared with the
general population.4®

We observed a higher prevalence of
asthma among youth with type 2
(16.1% [95% Cl: 12.0%—-20.2%]), than
those with type 1 diabetes (10.0% [95%

Cl: 8.6%—11.4%]). Nonoverlapping Cls
around the estimates in each group in-
dicate a significantly higher preva-
lence of asthma among youth with type
2 diabetes; however, this may be due to
the fact that youth receiving medical
care for asthma may be more likely to
have previously undiagnosed type 2 di-
abetes recognized. Youth with type 1
diabetes, however, are typically diag-
nosed at younger ages, irrespective of
other comorbidities.

When we examined demographic char-
acteristics associated with asthma, we
observed a strong association be-
tween race/ethnicity and asthma
among youth with type 1 diabetes. The
prevalence of asthma was highest
among Native American (22.2% [95%
Cl: 0%—49%]), Asian/Pacific Islander
(192% [95% Cl: 7.9%—-30.4%]), and
black (17.3% [95% Cl: 11.7%—23.0%])
youth and lowest among non-Hispanic
white (8.1% [95% Cl: 6.6%—9.6%])
youth. Although rates of asthma ob-
served in non-Hispanic white and black
subjects were relatively similar to
those observed in other large cross-
sectional studies conducted among
children and adolescents in the United



States, 8% asthma prevalence among
Asian/Pacific Islanders was higher.
These findings may suggest that rates
of asthma among individuals with type
1 diabetes vary according to specific
racial/ethnic groups but may also be
indicative of higher asthma prevalence
reported in specific Asian/Pacific Is-
lander subgroups.3!

BMI status was also associated with
asthma among youth with type 1 diabe-
tes; nearly 43% of those with asthma
were overweight or obese, compared
with 32% of those without asthma. The
association between BMI and asthma
observed in our study is consistent
with the findings of several population-
based studies of asthma and obesity in
children and adolescents.®® As ex-
pected, a high proportion of youth with
type 2 diabetes were overweight or
obese (90.6%); although there were
marginally more youth who were over-
weight or obese among those with
asthma than those without asthma,
the difference was not statistically sig-
nificant. This is likely due to the strong
correlation between childhood obesity
and development of type 2 diabetes,
which limited the variability of BMI in
this group. However, we also observed
a significant association between BMI
and asthma among youth with type 1
diabetes, which may suggest a role
for the inflammatory processes un-
derlying obesity and the develop-
ment of asthma, among those with
autoimmune-related diabetes.

Although the absolute difference was
small, hemoglobin Alc was signifi-
cantly higher in participants with
asthma than those without asthma,
with and without adjustment for demo-
graphic and clinical covariates. We
also observed an association between
asthma and poor glycemic control
among youth with type 1 diabetes. This
relationship was significant after ad-
justment for age and gender but was
attenuated after controlling for race/
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ethnicity and BMI. The SEARCH study
previously reported a strong associa-
tion between glycemic control and
race/ethnicity as well as BMI.32

The relationship between use of
asthma medications and glycemic con-
trol was significant. Youth with type 1
diabetes who had a diagnosis of
asthma in the medical record but did
not have asthma pharmacotherapy in-
dicated in the medical record or self-
reported at the time of the study visit
were more likely to have poor glycemic
control than those treated for asthma.
It is interesting to note that those
whose asthma was treated with leuko-
triene modifiers, alone or in combina-
tion with rescue inhalers or other in-
haled medications, had the lowest
prevalence of poor glycemic control. In
fact, 72% of these participants had
good glycemic control, representing
the highest proportion of good glyce-
mic control among all groups of medi-
cation users. A possible explanation
for this finding is that these medica-
tions block leukotriene synthesis or in-
terfere  with  leukotriene-receptor
binding, thereby reducing airway in-
flammation and mucus secretion, and
improving mucociliary clearance and
lung function.® The anti-inflammatory
action of these medications may also
ameliorate systemic inflammation
present in both obesity and diabetes.

We acknowledge several limitations of
this study. The cross-sectional and ob-
servational nature of these data did
not allow us to assess changes in
asthma severity, which may be associ-
ated with glycemic control. The medi-
cal record abstraction and health
questionnaire did not query medica-
tion dosages or dispense dates. This
lack of information precluded us from
evaluating medication adherence or
treatment duration, which may have
affected glycemic control. In addition,
although oral steroids may negatively
impact glycemic control, only 6 youth
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with type 1 diabetes and asthma had
oral steroids noted in the medical re-
cord; none reported taking oral ste-
roids at the time of the study visit when
hemoglobin Alc was measured. As
such, it is likely that the impact of oral
steroid use on glycemic control was
minimal.

Despite extensive efforts to optimize
recruitment, only 62% of eligible youth
from the 2002—-2005 incident cohorts
completed the SEARCH study visit. To
determine if our prevalence estimates
may have been biased by selection into
the study, we examined medical re-
cords of youth in the 2002—-2005 co-
horts that are available for all youth
regardless of whether they completed
a study visit, and identified those with
asthma diagnoses and medications.
Youth who did not complete a study
visit (n = 1307) had an asthma preva-
lence of 9.3% (95% Cl: 7.8%—10.9%),
which is comparable to the 9.7% (95%
Cl: 8.4%—-11.0%) prevalence observed
among the youth included in these
analyses (n = 1994). The proportion of
youth with asthma based solely on
medical record diagnoses and medica-
tion prescriptions is slightly lower
than the proportion identified by com-
bination of medical record data and
self-report. This is likely due to the time
difference between medical record ab-
straction and the in-person study visit;
youth who reported asthma and con-
comitant asthma medication use on
the health questionnaire who did not
have a diagnosis of asthma in the med-
ical record, may have developed
asthma >6 months after diabetes
diagnosis.

The strengths of our study include its
large sample of racially/ethnically di-
verse youth with type 1 and type 2 dia-
betes, and the ability to assess glyce-
mic control based on hemoglobin Alc
values collected using a common pro-
tocol and tested at a central labora-
tory. Unlike many studies of asthma
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that rely on self-report alone,!67928-51
we were able to ascertain asthma di-
agnoses and pharmacologic treat-
ment from medical records, supple-
mented by self-report, to estimate its
prevalence and examine its relation to
glycemic control. Of those participants
who completed the study visit, 99.2%
completed the health questionnaire, of
which 95% also had medical record
data available.

CONCLUSIONS

Our findings suggest that asthma may
contribute to poor glycemic control in
youth with diabetes, especially if
asthma is left untreated. It is possible
that treatment of asthma, particularly
with leukotriene modifiers alone or
in conjunction with rescue inhalers,
ameliorates the inflammatory pro-
cesses underlying asthma, obesity,
and diabetes and/or prevents the de-
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