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Interleukin-8 levels in blood and urine of patients with asthma in combination
with type 2 diabetes mellitus
Objective — to evaluate changes in IL-8 in the blood and urine of patients with asthma in combination with type 2 diabetes mellitus (T2DM) depending on kidney and lung function parameters.
Materials and methods. We examined 80 patients hospitalised in the Municipal non- profit enterprise of Kharkiv Regional Council «Regional Clinical Hospital», due to an exacerbation of asthma. Among the patients, 35 had asthma in combination with T2DM (group 1, asthma + T2DM) and 45 patients had asthma (group 2 — comparison group, asthma). The control group consisted of 18 practically healthy individuals. Renal function was determined by glomerular filtration rate (GFR) and albuminuria/ proteinuria level. Lung function was assessed by forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1). Concentrations of glycated haemoglobin, blood glucose, albumin in urine, and IL-8 in the blood and urine were measured.
Results. Patients with a combination of asthma and T2DM had clearly significantly lower GFR, increased urinary albumin concentration, more severe pulmonary function impairments, worse glycemic control, and a significant increase in proinflammatory cytokine concentration compared with patients with asthma without comorbidity (p < 0.05). The analysis of study results, depending on the degree of disease control, revealed a clear correlation between GFR, bronchial obstruction syndrome and IL-8 concentration in urine and serum of moderate strength (R = 0.69 (p < 0.05), R = 0.62 (p < 0.05)), respectively.
Conclusions. Patients with a combination of asthma and T2DM have more severe inflammation, as evidenced by a significant increase in IL-8 in their blood and urine. Increased concentration of IL-8 in blood and urine correlates with decreased GFR, glycemic status, and bronchopulmonary obstruction.

Keywords:
asthma, type 2 diabetes mellitus, comorbidity, inflammation, IL-8.


sthma and type 2 diabetes mellitus (T2DM) are common chronic non- communicable diseases that are a serious medical and social problem worldwide. For example, asthma affects approximately 300 million people, and T2DM affects more than 537 million people worldwide. Unfortunately, the prevalence of these two chronic diseases is increasing [6, 9]. These diseases often coexist in the same patient, which increases the likelihood of exacertions, complications, and hospitalization and is associated with poorA

asthma control [16].
Numerous studies have shown that asthma and T2DM share a common pathophysiological mechanism: chronic low-grade inflammation that contrib- utes to asthma progression in cases of T2DM or vice versa [20].
Several studies have reported that in patients with asthma and T2DM, insuf- ficient hyperglycemia control, renal dysfunction as a result of microangiopathy due to protein glycosylation, including renal glomeruli [8], and low-grade inflammation typical of T2DM and asthma are associated with poor asthma control, prolonged hospitalization during exacertions of asthma, regardless of the diabetes treatment regimen, and an increased risk of long-term mortality [14]. It has also been demonstrated that hyperglycemia and hyperinsulinemia,
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due to protein glycosylation on the one hand and the mitogenic effect of insulin on the other, negatively affect lung function by stimulating inflammation and fibrogenesis, ultimately leading to a decline in pulmonary function [1]. Several studies have shown that elevated triglyceride and glucose levels are positively correlated with the course and risk of acute respiratory failure in patients with asthma [2]. As already noted, asthma and T2DM are both characterized by low-grade systemic inflammation associated with an increase in proinflammatory cytokines. These cytokines, on the one hand, play a key role in mediating insulin resistance and, on the other hand, contribute to most allergic reactions related to asthma. Therefore, studying the informa- tive value of cytokine changes in controlling both the course of T2DM and asthma exacerbation remains
relevant [10, 12].
Objective — to evaluate changes in changes in IL-8 levels in the blood and urine of patients with asthma in combination with T2DM in relation to kidney and lung function.

Materials and methods
We examined 35 patients with asthma in combi- nation with T2DM (group 1) and 45 patients with asthma (group 2 — comparison group), who were hospitalized at Municipal non-profit enterprise of Kharkiv Regional Council «Regional Clinical Hospital». The patients were 45—61 years old; 31 were men, and 49 were women. Hospitalization was due to an exacerbation of the pathological process associated with poor symptom control of asthma. All patients were diagnosed with asthma at the previous stages of the disease. T2DM had also been previously diagnosed as an independent disease, though in some cases, it was first detected during asthma diagnosis. The control group consisted of 18 practically healthy individuals, matched for age and gender with the patient groups.
The study was conducted with minimal psycho- logical distress to the patients. Patients were fully informed about the methods and scope of the study. The study complied with modern international and national requirements for bioethical standards and was approved by the Ethics and Bioethics Committee of Kharkiv National Medical University. Renal function was assessed based on glomerular filtration rate (GFR) and albuminuria/proteinuria. The albumin concentration in patients’ urine was determined using an enzyme-linked immunosorbent assay with the Albumin-ELISA system (manu- factured by LLC RPL «Granum», Ukraine). The albuminuria category was classified based on the albuminuria-to-proteinuria ratio (according to
KDIGO 2012).

The glomerular filtration rate was calculated according to the nomogram for calculating the GFR based on serum creatinine levels, taking into account gender, age, and race, using the CKD-EPI formula. Pulmonary function was evaluated via spirom- etry using volume (forced vital capacity — FVC) and flow (forced expiratory volume in 1 second —
FEV1) parameters.
The concentration of glycated haemoglobin (HbA1c) was determined using the reagent kit
«Glycated haemoglobin SpL» (manufactured by LLC RPL «Granum», Ukraine). The glucose concentration was measured by the glucose oxidase method Glucose- Spl (manufactured by LLC RPL «Granum», Ukraine). IL-8 concentrations in blood and urine were determined by ELISA according to the manufac- turer’s instructions, using the Human 8-plex A panel
test system (Bio-rad, USA).

Statistical methods for analysis
Statistical data processing was performed using the statistical software package SPSS (version 17.0 for Windows; SPSS, Chicago, IL). The Shapiro- Wilk test was used to test the trait for normality. Nonparametric methods were used to describe and compare indicators whose distribution differed from the normal one: calculation of the median and interquartile range Me; Mann-Whitney test. The dynamics of the studied indicators were analyzed using the Wilcoxon test for linked samples.

Results and discussion
In all patients of the asthma + T2DM and asthma groups, a decrease in GFR was detected during disease exacerbation (Table 1). At the same time, in the asthma +T2DM group, GFR corresponded to the G2 category (GFR — 60—89 mL/min/1.73 m2, slightly reduced), while in the group of asthma — to the G1 category (GFR — і 90 mL/min/1.73 m2 — normal,  120 mL/min/1.73 m2 — high). Thus, the combination of asthma and T2DM is characterized by an increased risk of renal complications. Despite the fact that the GFR values in the group of asthma patients were in the G1 category (with normal or high GFR), their values were within the lower limit of normal. They were significantly reduced compared with the control group, indicating the presence of impairment or risk of renal dysfunction during exac- erbation of the disease in this category of patients.
A similar pattern was observed in the assessment of albuminuria. In patients of both groups, this indicator was in the A2 category (30—300 mg/g, moderately elevated), but more significant changes were in the asthma + T2DM group (Table 1).
The analysis of the functional state of the lungs revealed that patients in both groups had
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Table 1. Indicators of renal and pulmonary function, glycemic status, Ме [Q1; Q3]

	indicator
	asthma + T2DM
	asthma
	control group

	GFR, mL/min/1.7 m2
	74.3 [69.0; 78.0]*#
	105.3 [92.1; 110.2]*
	123.7 [115.1; 131.1]

	Albumin/creatinine, mg/g
	95.3 [87.3; 110.3]*#
	48.2 [41.3; 57.3]*
	19.6 [6.2; 14.2]

	FVC, %
	59.5 [51.0; 72.0]*
	67.55 [60.0; 90.0]*
	97.15 [95.2; 98.0]

	FEV1, %
	52.3 [48.0; 54.0]
	67.0 [61.5; 69.0]
	92.3 [89.0; 93.2]

	HbA1с, %
	6.6 [6.2;7.35]*#
	5.3 [4.9; 6.1]
	5.1 [4.9; 5.5]

	Fasting glucose, mmol/L
	6.5 [6.2; 6.9]*#
	5.9 [5.1; 6.1]*
	5.1 [4.9; 5.5]


Note. * Statistically significant differences compared to the control group (р < 0.05).
# Statistically significant differences compared to the asthma group (р < 0.05).
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significantly reduced FVC and FEV1. Similar to renal function, more pronounced changes were observed in the asthma + T2DM group.
Regarding the state of glucose homeostasis, as expected, in the group of asthma + T2DM, increased concentrations of both HbA1c and glucose were observed, indicating insufficient glycemic control during the exacerbation of asthma in this category of patients. Notably, that the increase in HbA1c and glucose concentrations correlated with the worsening of bronchial obstruction. Thus, in 10 patients with asthma in combination with T2DM during an exacerbation, FEV1 < 50 %, the HbA1c level was 7.20 ± 0.45 %, and fasting glucose was
6.87 ± 0.28 mmol/L.
These findings align with the literature, which suggests that hyperglycemia is one of the signifi- cant factors in the decline in lung function. This may contribute to a higher incidence of asthma in patients with diabetes [13] and also lead to a longer hospital stay [3].
Correlation analysis confirmed a strong rela- tionship between GFR, pulmonary obstruction, hyperglycemia in asthma and its combination with T2DM (p < 0.05). The combination of these diseases leads to worsening of asthma control in people with asthma in combination with T2DM, increasing the likelihood of exacerbations, complications, and hospitalization, and in the long term, raising the risk of late mortality [14]. Chronic low-intensity inflammation, which underlies the pathogenetic mechanisms of both asthma and type 2 diabetes, is the primary trigger of renal dysfunction. Asthma is a heterogeneous disease characterised by dif- ferent types of inflammation (Th1, Th2, Th17), accompanied by elevated levels of proinflammatory cytokines. Type 2 diabetes is also characterised by increased secretion of proinflammatory cytokines, primarily due to metabolic disorders. These disorders are associated with increased protein glycosylation, lipidosis, and the loss of function of several proteins, exacerbating the proinflammatory state [5]. It has been established that hyperglycaemia, dyslipidaemia,

systemic inflammation, oxidative stress, and endo- thelial dysfunction contribute to the development and progression of cardiovascular diseases, metabolic disorders, and chronic respiratory diseases. Thus, systemic chronic inflammation in asthma and T2DM contributes to the formation of a proinflammatory phenotype [7]. Chronic inflammation and metabolic disorders also adversely affect renal function by impairing the blood supply to the kidneys and reduc- ing their filtration capacity. Elevated levels of pro- inflammatory cytokines can damage nephrons and initiate fibrogenesis, ultimately leading to a decline in GFR [17]. Several studies have demonstrated that asthma is associated with an increased risk of chronic kidney disease (CKD), independently of obesity, diabetes, hypertension, and other well-established risk factors for CKD [15], and that systemic inflam- mation is a leading cause of kidney damage [11].
Determination of the concentration of the proin- flammatory cytokine IL-8 showed an increase in the cytokine in both blood and urine of the examined patients (Table 2). At the same time, higher values were observed in patients with comorbidity, indicat- ing an intensified systemic inflammatory response in the combination of asthma and T2DM. Thus, the increase in serum IL-8 levels in patients of the asthma +T2DM group was nearly in 25 times higher compared to the control group and in 6.5 times higher when compared with the data of patients in the asthma group, while the indicators of the asthma group were only 4 times higher than the control values. The same trend, i.e., increased levels of pro- inflammatory cytokine, was observed with urinary IL-8 levels in 3 times in the asthma +T2DM group and in 1.5 times in the asthma group compared with the control group (Table 2).
The analysis of the impact of blood and urine IL-8 on GFR and bronchial obstruction syndrome in patients with asthma + T2DM and asthma revealed statistical significance in all study subgroups (p < 0.05). Furthermore, the changes observed in both analyses were unidirectional. The analysis of the study results, depending on the degree of disease
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Table 2. IL-8 concentration in blood and urine, Ме [Q1; Q3]

	il-8, pg/ml
	asthma + T2DM
	asthma
	control group

	Serum
	119. 15 [108. 35; 127.19]*#
	17.72 [12.67; 23.56]*
	4.06 [3.34; 4.84]

	Urinary excretion
	43.44 [32.56; 52.33]*#
	20.76 [16.22; 23.35]*
	14.18 [10.98; 17.07]


Note. * Statistically significant differences compared to the control group (р < 0.05).
# Statistically significant differences compared to the asthma group (р < 0.05).
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control, revealed a moderate correlation of IL-8 lev- els in urine and serum (R = 0.69 (p < 0.05), R = 0.62 (p < 0.05)), respectively.
It is known that systemic inflammation is a lead- ing cause of chronic noncommunicable diseases, which currently account for more than 50 % of deaths worldwide. Since this systemic inflammation is low- grade and chronic in nature, continuous monitoring of its course and early diagnosis of exacerbations are particularly important for patients with chronic noncommunicable diseases, including asthma and DM [18]. Since both DM and asthma are driven by low-grade systemic inflammation, which, on the one hand, increases airway hyperresponsiveness in asthma and, on the other hand, reduces tissue sensitivity to insulin in DM, the coexistence of these diseases in a single patient worsens asthma and DM control and exacerbates the proinflammatory state [4]. Given that IL-8 is a relatively stable analyte, whose levels rise in both acute and chronic diseases, especially in the acute phase, and positively correlates with erythrocyte
Conflicts of interest: none.

sedimentation rate, C-reactive protein, and leuko- cyte count [19], the use of this marker allows for the assessment of the state and intensity of inflammation, which is valuable for ongoing monitoring and effective treatment of patients with asthma and comorbidities. Thus, both serum and urinary levels of IL-8 can serve as reliable markers of inflammation in patients with asthma, including those with T2DM, and can
be used to to monitor therapy effectiveness.

Conclusions
Patients with a combination of asthma and T2DM have more severe inflammation, as evidenced by a significant increase in IL-8 in their blood and urine. An increased concentration of IL-8 in the blood and urine correlates with a decrease in GFR, gly-
cemic status, and bronchopulmonary obstruction.
IL-8 levels can be a useful tool for assessing the prognosis of disease, particularly asthma exacerba- tions in patients with comorbidity, and for thera- peutic interventions.
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2 Інститут підвищення кваліфікації спеціалістів фармації Національного фармацевтичного університету, Харків
Рівень інтерлейкіну-8 у крові та сечі пацієнтів із бронхіальною астмою в поєднанні з цукровим діабетом 2 типу
Мета — оцінити зміни вмісту інтерлейкіну-8 (IЛ-8) у крові та сечі пацієнтів з бронхіальною астмою (БА) у поєднан- ні з цукровим діабетом (ЦД) 2 типу залежно від показників функції нирок і легень.
Матеріали та методи. Обстежено 80 пацієнтів, госпіталізованих у Комунальне некомерційне підприємство Харківської обласної ради «Обласна клінічна лікарня» у зв’язку із загостренням БА. Серед пацієнтів було 35 хворих на БА в поєднанні з ЦД 2 типу та 45 хворих на ізольовану БА (група порівняння). Контрольну групу утворено з 18 практично здорових осіб. Визначали функцію нирок за швидкістю клубочкової фільтрації (ШКФ) та рівнем альбу- мінурії/протеїнурії. Функцію легень оцінювали за форсованою життєвою ємністю легень та об’ємом форсованого видиху за першу секунду. Вимірювали концентрацію глікозильованого гемоглобіну, глюкози в крові, альбуміну в сечі, IЛ-8 у крові та сечі.
Результати. У пацієнтів із поєднанням БА та ЦД 2 типу встановили значно нижчі показники ШКФ, підвищення концентрації альбуміну в сечі, більші порушення легеневої функції, гірший глікемічний контроль та суттєве під- вищення концентрації прозапального цитокіну порівняно з пацієнтами з БА без коморбідності (р < 0,05). Аналіз результатів дослідження залежно від ступеня контролю захворювання виявив кореляцію між ШКФ, синдромом бронхіальної обструкції та концентрацією IЛ-8 у сечі та сироватці крові середньої сили (R = 0,69 (р < 0,05), R = 0,62 (р < 0,05) відповідно).
Висновки. Пацієнти із поєднанням БА та ЦД 2 типу мають виразніше запалення, що підтверджується значущим підвищенням рівня IЛ-8 у крові та сечі хворих. Збільшення вмісту IЛ-8 у крові і сечі корелює зі зниженням ШКФ, глікемічним статусом та показниками бронхолегеневої обструкції.
[bookmark: _GoBack]Ключові слова: бронхіальна астма, цукровий діабет 2 типу, коморбідність, запалення, IЛ-8.
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