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ABSTRACT

Background: There is an ongoing discussion regarding the coexistence of bronchial asthma
and diabetes. The objective of the study was to assess the relationship between asthma
and the diabetes course and the influence of corticosteroid therapy in asthma on dia-
betes control.

Methods: This was a cross-sectional study. There were 2431 adult patients who were
selected from 40,015 patients and assigned to subgroups of patients with only asthma, with
both asthma and diabetes and with only diabetes. The following parameters were meas-
ured: fasting blood glucose level, oral glucose tolerance and glycated hemoglobin (HbA1c).
Results: The value of HbA1c in patients with asthma and diabetes was compared to the
value of this parameter in patients suffering only from diabetes: 7.23+1.73% versus
7.42+2.09% (P> 0.05). The diabetes control criteria were met in 48.5% patients with asthma
and concomitant diabetes and in 50.6% patients who suffered only from diabetes. There
was a nedative relationship between severe asthma and diabetes control. A daily dose of
budesonide up to 825 mcg used by asthmatic and diabetic patients had no significant influ-
ence on fasting glucose.

Conclusions: The effect of asthma on diabetes does not seem to be significant, except for
in patients with severe asthma. Inhaled steroids administered in low or mild doses do not
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affect fasting glycemia.

Introduction

Asthma is mainly driven by Th2-type cells, in contrast
to diabetes mellitus, in which Thl-type activity is
observed (1-3). Regarding the cross-regulatory charac-
teristics of Thl and Th2 cells, it can be assumed that
asthma and diabetes do not coexist in the same
patient population (1-3). In this context, it is worth
noting that subjects with diabetes mellitus and their
relatives have a significantly higher prevalence of
autoimmune diseases (1).

The management of asthma coexisting with diabetes
mellitus can be more complicated than that of asthma
with no glycemic disturbances. Poor asthma manage-
ment in this group of patients can be, at least to some
extent, the consequence of insufficient cooperation
between specialists treating asthma and those treating
diabetes (4,5).

It is even more important to note that, despite
great progress in the field, both asthma and diabetes
remain treatable but not curable.

Comorbidities impact the efficient management of
any given disease due to the interrelations of different
pathophysiology and/or the interactions of the admin-
istered drugs.

The problem with regard to asthma is important for
at least two reasons. Asthma is considered a heteroge-
neous disease whose pathophysiology is very complex (6).
Despite the number of new specific therapeutic options
that have emerged in recent years, corticosteroids
remain the mainstay of asthma therapy. Corticosteroids
optimally attenuate airway inflammation and thus con-
trol asthma symptoms. Among the many potential side
effects of steroid therapy, glucose tolerance disturbances
are highlighted (6).

The fear of such side effects originates from the
experience of systemic corticosteroid (SCs) therapy.
The problem should be analyzed separately with
regard to inhaled corticosteroids (ICSs). Many of
them have little, if any, relevance to side effects of the
kind mentioned above.
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Moreover, the differentiation of pharmacokinetic
and pharmacodynamic features should be considered.
There are many stereotypes regarding the coexistence
of asthma and diabetes and the safety of the treatment
of the disorder.

The objective of the study was to assess the follow-
ing: the relationship between asthma and diabetes
control, the potential effect of diabetes on the course
of asthma and the influence of corticosteroid therapy
on diabetes control.

Materials and methods
Patients

The group of 40,015 patients’ medical charts were
screened according to ICD codes (all combinations of
asthma and/or diabetes diagnoses) and inclusion criteria
(see below) in outpatient clinics. To determine the
matching of patients, the propensity score was used to
obtain the expected and comparable subgroups of
patients with asthma alone, with diabetes and asthma
and with diabetes alone. This calculation was performed
using a computer program (Allocation Software,
Poland). In this way, 2431 patients were selected into
the asthmatic subgroup, 1986 into the asthma and dia-
betes subgroup and 2346 into the diabetes subgroup.

The inclusion criteria for patients with asthma were
as follows: age > 18 years, a history of symptoms con-
sistent with a diagnosis of asthma and its severity,
according to GINA criteria, for at least 12 months (6),
lung function reversibility test showing an increase of
>12% in FEV, within 10-40 min following four inha-
lations of salbutamol aerosol (400mcg) (6), and
asthma therapy (short beta-agonist inhaler plus ICSs
with a minimum total daily dose of 200 mcg of bude-
sonide or equivalent, applied separately or in combin-
ation with long-acting B2 agonists) for at least
6 months prior to the study. Antileukotrienes and SCs
were also allowed.

The inclusion criteria for patients with diabetes
were as follows: age > 18 years, a history of type 1 or
2 diabetes: glucose serum level > 11 mmol/l and/or a
positive glucose tolerance test (OGTT)—blood glucose
level greater than 11.Immol/l 2h after a load of
150mg of glucose (7,8) and diabetes therapy for at
least 6 months prior to the study.

Patients suffering from both asthma and diabetes
fulfilled the diagnostic criteria for both diseases.

The exclusion criteria were as follows: other con-
comitant serious unstable diseases, the use of SCs in
the month before the study, problems with cooper-
ation, and asthma-COPD overlap syndrome.

The permission to publish the data were obtained
from all the centers. The study was approved by the
local Ethics Committees in Medical University of
Silesia (Katowice, Poland), and all patients signed
informed consent forms.

Methods
Study design

A multicenter, prospective cross-sectional study was
performed from 2016 to 2017.

Protocol

A detailed questionnaire concerning the patients’ per-
sonal and family history was completed.

In all studied patients with diabetes, the following
procedures were performed: random blood glucose
test, a blood sample was taken at a random time
(mmol/l), fasting blood glucose test: a blood sample
was taken after an overnight fast (mmol/l), oral glu-
cose tolerance test: after the overnight fasting, the
blood glucose level was measured and again in 2h
after the load of 150mg glucose (mmol/l), test of
glycated hemoglobin (HbAlc) levels in blood serum
(%), measurement of blood pressure; measurement of
LDL cholesterol in blood: a blood sample was taken
after an overnight fast (mmol/l), administration of the
Asthma Control Questionnaire (ACQ) (only in
asthmatic patients) and basic spirometry with
bronchial flow analysis (LUNGTEST 1000, MES,
Cracow POLAND).

Control of asthma was confirmed if the ACQ score
was below 1.0.

The severity of asthma was assessed retrospectively
based on GINA criteria. The treatment, daily symp-
toms, and episodes of asthma exacerbation were ana-
lyzed (6).

Diabetes control criteria were as follows: HbAlc <
6.5%, serum blood concentration of LDL cholesterol
< 2.6 mmol/l and blood pressure <140/90 mmHg (8).

Data analysis

A descriptive analysis was performed with means and
standard deviation. The one-way ANOVA test with a
post hoc Fisher’s LSD test was used to compare the
characteristic parameters of the study subgroups.
These parameters included age, BMI, sex, smoking,
severity of asthma, education level, the presence of
hyperlipidemia, arterial hypertension and heart failure.
Differences were considered significant at P < 0.05.



A logistic multiple regression analysis was performed
to identify independent risk factors for diabetes control.
First, a univariate analysis was carried out to see how
each potential variable (age, sex, level of education,
duration of disease, the presence of asthma, episodes of
asthma exacerbation, score obtained in asthma control
questionnaire, family history of asthma, the presence of
atopy, BMI) affected the probability of diabetes control.
Variables that were not significant in this analysis were
excluded. In the second step, variables found to be stat-
istically significant (presented in Table 2) were tested
in a combined analysis that indicated poor or good
influence on diabetes control. The results are presented
as odds ratios (ORs) and 95% confidence intervals. An
OR = 1 for a given variable meant that this variable
did not influence diabetes control. The Pearson test
was used to assess the correlation between HbA1c%,
ACQ scores, fasting glucose and random glucose in
blood. This test was also used to find a correlation
between fasting glucose and daily doses of inhaled ste-
roids used by patients, calculated as budesonide in
mcg. Additionally, in this analysis, a coefficient of
determination was used to assess how the difference in
fasting glucose (every 0.1 mmol/l) can be explained by
a difference in the second variable (every 25mcg of
daily doses of budesonide).

Results

Finally, 2341 patients with asthma alone, 1986 patients
with asthma and diabetes and 2346 patients with dia-
betes alone were included in the analysis.

The characteristics of the groups of subjects studied
are presented in Table 1. Patients with diabetes had a
small but significantly higher BMI than did patients
in other subgroups. They also had more frequent
hyperlipidemia.

Table 1. Characteristics of the study groups.
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The relationship between asthma and
diabetes control

There was no significant relationship between the coex-
istence of asthma and the control of diabetes in
patients with severe asthma. The value of HbAlc in
patients with asthma and diabetes was comparable with
that estimated in patients with only diabetes:
7.23+1.73% versus 7.42+2.09%, respectively (p =0.41).
The mean fasting glucose level was comparable
between the analyzed groups (5.41 +1.87 mmol/l versus
5.01 £ 0.84 mmol/l, p=0.24).

The diabetes control criteria (see Methods) were
met in 964 (48.5%) patients with asthma and con-
comitant diabetes and in 1187 (50.6%) patients with
diabetes alone. Variables such as male sex or age
below 60 or the presence of severe asthma were sig-
nificantly associated with worse diabetes control.
There were no similar associations for other variables.
The detailed data are presented in Table 2.

The potential effect of diabetes on the course
of asthma

The prevalence of patients with full control of their
asthma who obtained an ACQ score <1.0 was simi-
lar in the group with asthma and in the group with
asthma and coexisting diabetes: 1509 (62.1%) versus
1164 (58.6%), respectively, p=0.12. However, the
multiple logistic regression model revealed that
patients with severe asthma and concomitant dia-
betes had a lower chance (OR = 0.37) of gaining
full asthma control, as indicated by an ACQ score
below 1.0, than did those who had only severe
asthma (OR = 0.85).

There was no correlation between HbAlc or fasting
blood glucose and ACQ scores (Figures 1 and 2).

Asthma n = 2431

Asthma and diabetes n = 1986 Diabetes n = 2346

Mean age (range; in years) 45.3 (18-88)
Mean BMI (kg/m?) 24.1
Female (%) 48.2
Smoking (pack-years) 7.5
Higher education (%) 39.8%*
Severe asthma (%) 373 (15.3)
Moderate asthma (%) 1,119 (46)
Mild asthma (%) 939 (38.6)
Episodes of asthma exacerbation per patient per year 0.47
Hyperlipidemia® (%) 21.2%
Arterial hypertension® (%) 32.7%
Heart failure (%) 23.1%

44.7 (18-90) 42.1 (18-89)
259 29.2°
49.2 46.2
7.5 6.8

29.9% 25.3%
297 (14.9) —
951 (47.8) —
738 (37.2) —

0.39 —

33.9%* 34.1%*

33.4% 35.2%

29.1% 30.1%

BMI: body mass index.

“Significant differences between patients with diabetes versus other groups (one-way ANOVA with post hoc LSD Fisher test, p < 0.05).

PThe criteria of hyperlipidemia were as follows: LDL-C> 2.6 mmol/l and/or triglycerides (TG) > 1.7 mmol/l; “140/80. “Significant differences between
patients with diabetes versus other groups (one-way ANOVA with post hoc LSD Fisher test, p < 0.05).

*Significant differences between patients with asthma versus other groups (p < 0.05); ** significant differences between patients with asthma and con-

comitant diabetes and patients with diabetes versus other groups (p < 0.05).



4 B. ROGALA ET AL.

However, the random glucose blood test was posi-
tively correlated with the ACQ score in that group of
patients (Figure 3).

Table 2. Multiple logistic regression for diabetes control of
asthmatic patients with concomitant asthma and with
diabetes alone.

Diabetes control

Variables OR (95%Cl) P
AD n=1986 0.98 (0.82-1.21) >0.05
D n=2346 1.10 (0.87-1.29) >0.05
Female AD n=977 1.12 (0.76-1.42) >0.05
Female D n=1084 1.10 (0.92-1.30) >0.05
Male AD n=1009 1.16 (0.97-1.42) <0.05
Male D n=1262 1.64 (0.87-2.31) <0.05
<60 years AD n=1116 1.34 (1.09-1.85) <0.05
<60 years D n= 1456 1.78 (1.54-2.86) <0.05
>60 years AD n =870 1.29 (1.02-1.73) >0.05
>60 years D n=2890 0.93 (0.56-1.33) >0.05
ACQ score (only AD)

<1 n=1164 0.86 (0.54-1.39) >0.05

>1n=2822 0.98 (0.78-1.94) >0.05
BMI

>25 AD n=978 0.92 (0.48-1.22) >0.05

>25D n=1041 1.09 (0.52-1.31) >0.05
Smokers

AD n=478 0.89 (0.47-1.61) >0.05

D n=679 0.43 (0.22-0.58) >0.05
Nonsmokers

AD n=1508 1.16 (0.78-1.42) >0.05

D n=1752 1.02 (0.88-1.37) >0.05
Length of asthma duration (only AD)

<5 years AD n=1002 1.08 (0.80-1.41) >0.05

<5 years D n=984 1.21 (0.97-1.56) >0.05
Severe asthma (only AD)

n=297 1.55 (1.32-2.21) <0.05

AD: asthmatic patients with concomitant diabetes; D: patients with dia-
betes alone; ACQ: Asthma Control Questionnaire; OR = 1: no influence
on diabetes control, OR > 1: positive influence on diabetes control
(for p > 0.05).

Male AD P=0.016; Male D P=0.023; <60 years AD P=0.028; <60 years
D P=0.011; severe asthma P=0.031.
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The influence of corticosteroid therapy on dia-
betes control

The type and dose of the ICSs used by patients
with asthma are presented in Table 3. In patients with
asthma and diabetes, a positive mild correlation
between daily doses of inhaled steroids used by
patients, calculated as budesonide in mcg, and an
increase in fasting glucose (but not random glucose)
levels in blood was found. However, in the analysis of
the coefficient of determination, this positive correl-
ation started from a dose greater than 825mcg of
budesonide (Figure 4).

Regardless of this observation, there was no correl-
ation between daily dose of ICS and control of dia-
betes, according to criteria, in those patients (Pearson
correlation test, p = 0.56).

In patients with asthma alone, any ICS daily doses
had no impact on fasting blood glucose, random
blood glucose or HbAlc (p =0.39).

In 452 (22.8%) patients suffering from both
asthma and diabetes, SCs were used in asthma
therapy, with a mean dose of 12.2+6.9 mcg prednis-
one and a mean of 83%2.2days per year per
patient. In those groups, SCs were a negative pre-
dictor of the lack of diabetes control for a daily
dose of >18.7+5.3mcg prednisone during a min-
imum of 9.4+ 1.6days per year per patient (OR=
0.48 (0.41-0.62), p < 0.05).

There was no significant long-term effect of
SCs in the past 12months on the results for fasting
and random blood glucose tests during the
study protocol.

HbA1c %
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ACQ score

Figure 1. No correlation between HbA1c and ACQ scores in patients with asthma and concomitant diabetes (Pearson correlation

test, p=0.28).
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Figure 2. No correlation between fasting blood glucose and ACQ scores in patients with asthma and concomitant diabetes

(Pearson correlation test, p=0.31).

16

14

0 1 2 3

ACQ score

Figure 3. A positive correlation between random blood glucose and ACQ scores in patients with asthma and concomitant diabetes

(Pearson correlation test, p = 0.03).

Table 3. The type and dose of the inhaled corticosteroids
used by patients with asthma.

Number of patients Mean daily
with asthma (%) Type of ICS dose = SD
1672 (35) Fluticasone propionate 545+ 185 mcg
1385 (29) Ciclesonide 240+ 124 mcg
1290 (27) Budesonide 458 +162 mcg
430 (9) Beclomethasone 185+92mcg
Total: 4777 Converted to budesonide 745+ 324 mcg

ICS: inhaled corticosteroids; SD: standard deviation.

Discussion

Based on the obtained results, the presence of severe
asthma negatively influenced diabetes control.
However, this finding did not affect other patients
with mild or moderate asthma, who were predomin-
ant in this observation. In the majority of patients suf-
fering from both asthma and diabetes, the key
parameters of diabetes control, HbAlc, LDL, and



6 B. ROGALA ET AL.

fastin blood glucose level in mmol/1

0 500 1000

es

1500 2000
2500

daily doses of inhaled steroids used to patients (calculated as budesonide in

mcg)

Figure 4. A positive correlation between fasting glycemia and a daily dose of up to 825 mcg of inhaled budesonide (see arrow) in
patients with asthma and diabetes (Pearson test with coefficient of determination, p=0.03). No correlation between analyzed

parameters in patients with asthma alone (p = 0.14).

blood pressure were in the normal range. This finding
suggests that asthma does not always have a negative
influence on diabetes control. However, poorer dia-
betes control was observed in men, in patients
younger than 60 years of age or in patients with severe
asthma. This finding is partially consistent with the
results of other studies that indicate generally poor
control of diabetes in younger patients, which might
explain this phenomenon, at least to some
extent (7,9-11).

Patients with severe asthma concomitant with dia-
betes had a lower chance of gaining asthma control
than those with asthma but not with diabetes (9,12).
This finding remains in accordance with other obser-
vations that patients with severe asthma and comor-
bid conditions (e.g. diabetes) have a greater risk of
poor asthma control (12). This relationship can be
explained to some extent by the frequent use of SCs
in that group of asthmatics and high doses of ICS.
Similar observations published by other
authors (13).

However, it is worth emphasizing once again that
this observation is related only to patients with severe
asthma who are not the dominant group. Our results
remain in agreement with previously published data
that highlight the rare coexistence of asthma and dia-
betes, which indirectly suggests a weak predisposition
to diabetes development in asthmatics despite cortico-
steroid therapy. This observation is important in the
treatment of asthma, mainly with ICSs, since the bio-
availability of such formulations is low (14).

were

The influence of corticosteroid therapy on the con-
trol of diabetes has been analyzed previously. Despite
the common opinion that ICSs always have a negative
effect on glucose metabolism, there is not much evi-
dence for this opinion in the literature (14). There are
data, although few in number, that provide proof of
the risk of ICS therapy in the development of glucose
tolerance disturbances (15,16). Nevertheless, it is
worth keeping in mind that the safety profile of ICS is
excellent at the recommended doses, which are suffi-
cient to control most asthma cases. In our study, only
relatively high daily doses of ICSs (up to 825 of mcg
of budesonide, as used by our patients) did not disturb
diabetes control. This finding is consistent with those
of other studies, which confirms the safety of ICS at
doses sufficient for proper asthma control (17). It
worth keeping in mind that for asthma treatment, we
use anti-inflammatory, rather than immunosuppressive,
doses of corticosteroids. The obtained results prove
that high doses of ICS may affect glucose metabolism
but ultimately do not affect diabetes control.

This finding indicates that in patients with asthma
concomitant with diabetes mellitus, the lowest effect-
ive dose of steroids with the lowest possible bioavail-
ability should be administered. The main highlight of
the data presented is a pragmatic concept that empha-
sizes the safety of ICSs in terms of glucose tolerance
disturbances.

A reasonable dose of steroids to meet the require-
ments of the common stepwise pharmacotherapy is
the best possible approach to asthma management,



and it can be safe in patients with diabetes or glucose
tolerance disturbances.

There were some limitations of the study. As men-
tioned above, more asthmatic features and analysis of
subgroups with different asthma phenotypes in rela-
tion to diabetes could increase the precision of our
observations. The same would be the case with respect
to diabetes (such as the analysis of family history).
Future studies will examine this issue further. In the
context of the results of our study, it would be valu-
able to take into account the phenotypes/endotypes of
both asthma and diabetes. It is worth noting that the
estimation of the coexistence of the diseases was not
within the scope of the study.

Conclusions

A negative relationship between severe asthma and
diabetes control was observed. However, there were
no similar observations in other asthmatics. Inhaled
steroids in small and medium doses used in patients
with asthma do not affect the control of diabetes.
However, this effect should be taken into account
when high doses of ICS are used in asthma treatment.
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