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ABSTRACT EFFECTIVENESS OF COMPLEX TREATMENT OF
Vladyslava Kachkovska PATIENTS WITH EARLY-ONSET AND LATE-ONSET
https://orcid.org/0000-0002-9563-5425 BRONCHIAL ASTHMA ASSOCIATED WITH OBESITY

The objective of the study was a comparative assessment of the

Anna Kovchun clinical effectiveness of atorvastatin and vitamin D effect on

https://orcid.org/0000-0002-5856-8323  proteolytic activity in obese patients with BA depending on the age of
BA onset.

Iryna Dudchenko Materials and Methods. We examined 195 patients with BA and

https://orcid.org/0000-0002-7038-4455  obesity and 95 apparently healthy individuals. The patients were
divided into 2 groups with regard to the age of BA onset: Group |
Liudmyla Prystupa included 100 patients with early-onset asthma, and Group 11 included
https://orcid.org/0000-0002-6454-9831 95 patients with late-onset asthma. Patients with complete BA control
at baseline and those having achieved BA control after background
Internal Medicine Department with the  therapy adjustment were excluded from further study. Patients of
Center of Respiratory Medicine, Sumy  Groups I (n = 65) and 11 (n = 68) were divided into subgroups A, B,
State University, Sumy, Ukraine and C: patients of 1A (n = 23) and IIA (n = 22) subgroups received
background treatment in combination with vitamin D; patients of IB
(n = 20) and 1B (n = 25) subgroups — in addition to background
treatment received atorvastatin; patients of IC (n =22) and I1IC (n=21)
subgroups received only background treatment. To measure TIMP-1,
MMP-1, and MMP-9 levels, IBL International GMBH enzyme-linked
immunosorbent assay kits (Hamburg, Germany) were used. Asthma
control was assessed using ACQ-5 (Asthma Control Questionnaire-5).
The study was approved by the Bioethics Committee of the Academic
and Research Medical Institute of Sumy State University. The
obtained results were statistically processed using the SPSS-17
program.
The results of the study showed that MMP-1, MMP-9, and TIMP-
1 levels in obese patients with late-onset BA were significantly higher
vs. patients with early-onset BA. Background therapy and its
combination with vitamin D or with atorvastatin contributed to a
statistically significant decrease in the level of MMP-1, MMP-9, and
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TIMP-1 in patients of 1A, IB, and IC subgroups. MMP-1 level
decreased significantly in patients with late-onset BA in all subgroups,
but it was significantly lower in patients of 1IB subgroup vs. 1A
subgroup (p = 0.001) and IIC subgroup (p = 0.001). MMP-9 level
decreased significantly in patients of 11A and 11B subgroups, but it was
significantly lower in patients of 11B subgroup vs. 1A subgroup (p =
0.001) and 11C subgroup (p = 0.001). This suggested that atorvastatin
contributed to a more significant decrease in MMP-9 level vs.
background therapy and background therapy + vitamin D. TIMP-1
level decreased significantly only in patients of 11B subgroup and was
lower vs. 1A subgroup (p = 0.001) and I1C subgroup (p = 0.001).

We demonstrated higher clinical treatment efficiency in patients of
the 1A subgroup who received vitamin D in addition to background
therapy, which was confirmed by an increase in the level of BA control
compared to that in patients of the B (p = 0.01) and C (p = 0.037)
subgroups. In patients with late-onset BA (11B subgroup), atorvastatin
contributed to a better BA control compared to patients of 1A and 1IC
subgroups. The maximum improvement of respiratory function in
patients with early-onset BA was achieved with the combination of
background therapy + vitamin D, while in patients with late-onset BA
— with atorvastatin.

Conclusions. The use of atorvastatin has a more significant impact
on the level of remodeling markers, BA control, and respiratory
function in obese patients with late-onset BA vs. early-onset BA.
Better BA control and maximum improvement of respiratory function
in obese patients with early-onset BA were achieved with the
combination of background therapy + vitamin D.

Keywords: bronchial asthma, obesity, onset, matrix
metalloproteinase-1, -9, tissue inhibitor of matrix metalloproteinase-1,
control, respiratory function, atorvastatin, vitamin D.
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E®EKTUBHICTH KOMILVIEKCHOI'O JIKYBAHHS
XBOPHUX HA BPOHXIAJIbHY ACTMY, ACOLIAOBAHY I3
O’KUPIHHAM, I3 PAHHIM I NI3BHIM JEBIOTOM

Mera  fgocCHimKeHHSI:  TOPIBHSAUIbHA ~ OIliHKA  KJIIHIYHO{
e(pEeKTUBHOCTI BIUIMBY HA METAJIONPOTEONITUIHY aKTHUBHICT
0a3ncHOI Tepallii i3 aTOpBacTaTHHOM Ta BiTamiHOM D xBopux Ha BA
13 OXKMPIHHSM 3aJIXHO BiJl BIKy 1e0I0TY.

Marepian i Meroau aocaizxxenHs. Obctexeno 195 xBopux Ha
BA i3 oxwupinasaM 1 95 mpaxkrtuuHo 3mopoBux oci0. IlamieHTiB
PO3MOIICHO Ha ABI TPYTIH 3aJIeKHO Bif BiKy medroty BA: 100 xBopux
13 paHHiM ne6roToM ckinanu I rpymy, 95 i3 misaiM — I rpymy. [Manientn
i3 ITOBHUM KOHTPOJIEM HAa TMOYAaTKOBOMY eTami Ta Ti, SIKi JOCATIIN
KOHTPOJTIO TICIIsl KOPEKIii 0a3MCHOTO JIIKYBaHHs, OyJIM BUKIIOUEHI 3
nopansinoro gociipkenHs. [anientn I (n = 65) ta Il rpyn (n = 68)
Oynu noaineni Ha minrpymu A, b i B: IA (n = 23) ta IA (n = 22)
MArpyny OTpUMYBaJIM Oa3uCHE JIIKyBaHHS y IO€IHAHHI 3 BITAMIHOM
D; Ib (n =20) ta IIb (n = 25) — 3 atopBacraruaom; IB (n =22) ta [IB
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(n = 21) — mue Gasucue. Busnayenns TIMII-1, MMII-1 i MMII-9
3IifiCHIOBaIIM 32 JIOTIOMOTOI0 HaOOpiB s iMyHO(EpPMEHTHOTO
anamizy IBLInternationalGMBH (Hamburg, Germany). Ouinky
KoHTpoIto BA 3mificHIOBaM 3a JonomMororo onuryBainbHuKa ACQ-5.
Hocmimkennss Oyno cxBaneHo Kowmiciero 3 mnuTaHb OIOCTHKU
HAaBYAJIbHO-HAYKOBOTO  MEAMYHOro  iHCTUTYTY  CyMCBKOTO
JepxaBHOro yHiBepcutery. CTaTUCTHYHMHA aHaNi3 OTPUMaHMX
Pe3yIbTaTiB POBOIUIIH 3a fooMororo SPSS-17 mporpamu.

PesynbTaT gociikeHHs1 rnokasany, mo Bmict MMII-1, -9 Ta
TIMII-1 y xBopux Ha mi3HIO BA i3 OXHpPIHHSAM BipOTiTHO BHIIHI
MOPIBHAHO 13 paHHBOI. basucHa Tepamis Ta ii moemHaHHA 13
BitamiHOM D 1 3 aropBacTaTHHOM CIPHUSUTM BipOTiTHOMY 3HIKCHHIO
BMicty MMII-1, MMII-9, TIMII-1 y xBopux IA, Ib, IB miarpym.
Bwmict MMII-1 BiporigHo 3HIKYBaBcS y XBOpuX Ha Mi3HIO BA Bcix
miarpymn, ane y 1Ib migrpymi OyB HMXKYMM TOPIBHSHO 13 TakuM y
xBopux IIA (p = 0,001) ta IIB (p = 0,001) miarpyn. Bmictr MMII-9
BiporinHo 3HmKyBaBcs y xBopux IIA Ta IIb minrpymn, ane y xsopux 116
miarpynu OyB Hx4uM nopiBHsiHO 13 TakuMm y IIb (p = 0,001) Ta y
IIB (p = 0,001) miarpynax. lle cBimuuTh mpo Te, IO 3aIy4EHHS
aToOpBacTaTHHY CIIPHAIO OUThII BaroMoMy 3HIDKeHHIO MMII-9
TOPIBHAHO 3 0a3WCHOIO Tepamielo Ta ii MOETHAHHAM 3 BiTaMiHOM
D. Bmict TIMII-1 BiporigHo 3HMWXKyBaBcs nwmmie y xBopux IIb
MATPYIH Ta OyB HIDKIAM MOPiBHAHO 3 TakuM ¥ ITA (p = 0,001) Ta [IB
(p =0,001) miarpymax.

BcraHoBieHO By KITiHIYHY €(DEKTUBHICTB JIIKyBaHHS Y XBOPHX
IA miarpynu, siki OTpUMYBaJIM y JIOTIOBHEHHsI 10 Oa3ucHOI Tepartii
BitamiH D, 10 MiATBEPIKEHO IMIiJABUIICHHAM pIiBHI KOHTPOJIIO
MOpiBHSHO i3 TakuM y XxBopux b (p=0,01) Ta B (p =0,037) miarpyn. ¥
xBopux IIb migrpynu 3amydeHHs aTOpBAaCTaTHHY CIIPHSUIIO BHUILIOMY
KOHTpONIt0 TOpiBHAHO i3 xBopuMu IIA Tta IIB migrpym. ®3]]
MaKCHMaJIFHO 3pOCTaJla Y XBOPUX Ha paHHIO BA mpwu 3aiydeHHi 10
0a3ucHOTO JiKyBaHHA BiTamiHy D, a y XBOpHMX Ha I3HIO — TIpU
3aJTydeHHi aTOpBacTaTHHY.

BucHoBkH. 3acTocyBaHHA aTOpBACTaTHHY OUIBII BaroMo
BIUIMBAa€ Ha BMICT MapKepiB PEeMOJEIIOBAHHs, PIBEHb KOHTPOIIO,
@®3]] y xBopux Ha Mi3HIO BA i3 0)KUpIHHSM TOPIBHSIHO 13 PaHHBOIO.
y XBOpUX Ha Mi3HIO BA i3 oxwupiHHSAM. Bummii koHTponp Ta
MakcuMajbHe mokpamienns ®3]] y xBopux Ha paHHIO BA i3
OXKUPIHHSAM OyJU TOCATHYTI 3a JOMOMOTOI0 MOEIHAHHS 0a3uCHOI
Teparii 3 BitaminoM D.

Kaw4oBi cioBa: OponxialbHa acTMa, OXHUpIHHA, JeOIOT,
MaTpuKkcHI  Metayonporeinasu-1, -9, TkaHMHHWHA  iHTiIOiTOp
MaTpUKCHUX MeTayompoTeinas3-1, KOHTpoib, (QYHKIlsS 30BHILIIHBOTO
JIWXaHHS], aTOpBacTaTHH, BiTaMiH D.

Aemop, eionogioanvnuii 3a aucmyeanna: Bnaoucnasa Kauxoscvka, rxaghedpa 6HympiwHvb0i meOuyunu 3

yenumpom pecnipamopnoi meouyunu Cym[Y, m. Cymu, Yrpaina

e-mail: vlady dytko@ukr.net

INTRODUCTION / BCTYII

Current recommendations for the treatment of
bronchial asthma (BA) are aimed at controlling
symptoms, minimizing the risk of exacerbations and

airflow  restriction, and inhibiting airway
remodeling, but their effectiveness is poor in patients
with BA and obesity. Therefore, using remodeling
markers as a treatment target is an urgent problem in
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BA therapy, since there are no specific medications
aimed at inhibiting their activity [1, 2, 3, 4].

The lower probability of achieving control and
shorter control duration in obese asthma patients
compared to patients with healthy weight [5, 6] is
partially explained by the higher activity of the
inflammatory process [7], its neutrophilic type [5, 8],
aswell as higher indicators of remodeling markers [9].
A number of studies have shown that glucocorticoids
(GCs) affect both airway inflammation and
remodeling processes in BA, although their effect on
the extracellular matrix and the content of matrix
proteinases (MMPs), tissue inhibitor of matrix
metalloproteinases (TIMP)-1 is not very pronounced
[10, 4]. In light of this and due to the lack of targeted
special pharmacotherapy of the BA-obesity
phenotype [5, 6], as well as the lack of
pharmacological methods of inhibiting airway
remodeling [3], we consider it reasonable to search for
pathogenetically substantiated medications which
could complement the limited effect of background
therapy on remodeling processes and ensure higher
effectiveness of treatment. As such medications, we
considered statins, which are able to inhibit
inflammation, production of MMP [11, 12, 13], IL-17
[14] and fibronectin, and fibroblast differentiation in
response to TGF-B1 [15]. Along with statins, we
focused on the use of vitamin D. Our choice was based
on the fact that vitamin D deficiency is often observed
in obese people. Moreover, this vitamin can suppress
the expression of TGF-B1 and ECM markers, and
inhibit pulmonary fibrosis [16, 17, 18]. These days,
the phenotypic features have been actively studied in
terms  of  etiology, pathogenesis, clinical
manifestations, and effectiveness of treatment in
obese patients with BA depending on the age of onset
[19]. Therefore, the objective of the study was a
comparative assessment of the clinical and laboratory
effectiveness of atorvastatin and vitamin D inclusion
in the background therapy of obese patients with BA
depending on the age of onset.

Materials and Methods. 195 BA patients with
obesity were examined. The control group consisted
of 95 apparently healthy individuals with no history of
allergy and atopy symptoms. All of the patients had
previously signed an informed consent form. The
patients were divided into two clinical groups
according to the BA onset: Group | included 100
patients with early-onset asthma, and Group Il
included 95 patients with late-onset asthma. 12
(12.0%) patients with early onset and 5 (5.3%)
patients with late onset achieved complete BA control
and were excluded from the study. All patients had

their inhaled GCs doses adjusted; they underwent
assessment of BA control in 4 weeks, after which 65
patients with early-onset BA and 68 patients with late-
onset BA, who had partial or poor control, continued
participation in the study. In order to study the
influence of atorvastatin and vitamin D on remodeling
markers level and clinical efficacy, patients of Group
I (n=65) and Group Il (n = 68) were randomized into
three subgroups A, B, and C depending on the
prescribed treatment. Patients of 1A (n = 23) and lIA
(n = 22) subgroups received background treatment in
combination with vitamin D at a dose of 4000 IU;
patients of IB (n = 20) and IIB (n = 25) subgroups —
in addition to background treatment received
atorvastatin 10 mg per day; patients of IC (n =22) and
IIC (n = 21) subgroups received only background
treatment. BA diagnosis and BA severity were
determined according to the GINA Recommendations
2016 and its later versions. Obesity was diagnosed in
accordance with the Order of the Ministry of Health
of Ukraine Ne 574 dated 05.08.2009 "On approval of
the protocols for medical care for patients with
endocrine diseases™" and the WHO recommendations
(1999), the European Association for the Study of
Obesity (EASO, 2016). To measure TIMP-1, MMP-
1, and MMP-9 levels, IBL International GMBH
enzyme-linked immunosorbent assay kits (Hamburg,
Germany) were used. Asthma control was assessed
using ACQ-5 (Asthma Control Questionnaire-5). The
study was approved by the Bioethics Committee of
the Academic and Research Medical Institute of
Sumy State University. The obtained results were
statistically processed using the SPSS—17 program.

Results. Taking into account the heterogeneity of
the pathogenetic mechanisms of remodeling in
different BA phenotypes [20, 3], we investigated the
content of remodeling markers in obese patients with
BA depending on the age of BA onset. The results of
the study of MMP-1, MMP-9, and TIMP-1 levels in
blood serum in obese patients with early-onset BA
and the effect of our proposed treatment on their
content are presented in Table 1.

Before treatment modification, MMP-1, MMP-9,
and TIMP-1 indicators did not differ significantly (all
p’s > 0.05) among subgroups A, B, and C in patients
of Group I and were significantly higher (46.8 + 1.77,
43.4 + 1.39, and 43.3 £ 1.13 ng/ml, respectively) Vs.
the control group. Background therapy (subgroup C),
its combination with vitamin D (subgroup A) and with
atorvastatin (subgroup B) contributed to a statistically
significant decrease in the level of MMP-1, MMP-9,
and TIMP-1, but had no effect on the MMP-9/TIMP-
1 ratio.
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Table 1 — Longitudinal treatment data on the level of matrix metalloproteinases and tissue inhibitor of matrix
metalloproteinases-1 in patients with early-onset bronchial asthma and obesity

Group MMP-1 p ! MMP-9 p pt
a-b
1150.39 (32.0-335.0) a0 (0,527 0.001 204.6 (96.0-365.0) 0.534
IA, n=23 —5
1134.91 (23.0-258.0) +00.817 195.8 (95.0-376.0) 0.145 0.001
b-c
1173.15 (33.0-345.0) b-c0.087 0.001 181.90 (25.0-345.0) 0.687
IB, n =20 T
1137.85 (30.0-320.0) b-¢0,091 166.9 (20.0-330.0) 0.950 0.001
a-C
1134.14 (32.0-330.0) *0.414 0.005 187.4 (56.0-378.0) 0.318
IC,n=22 —
990.05 (33.0-210.0) *0.035 163.5 (60.0-305.0) 0.284 0.005
TIMP-1 p ! MMP-9/TIMP-1 p pt
a-b
146.7 (25.0-312.0) +00,083 2.16 (0.46-7.77) 0.028
IA,n=23 la-b
135.8 (35.0-307.0) +00,082 0.001 2.13(0.49-8.35) 0.017 0.089
b-c
122.3 (25.0-633.0) b-c0.326 3.71 (0.51-7.92) 0.023
IB,n=20 o
108.3 (23.0-509.0) b-c0.442 0.001 3.73 (0.63-8.48) 0.012 0.191
a-C
124.8 (25.0-302.0) +0.446 2.71 (0.52-9.58) 0.586
IC,n=22 —
109.3 (30.0-299.0) #(.312 0.001 2.68 (0.61-10.17) 0.699 0.709
Notes:
1.  Numerator - before treatment;
2. Denominator — after treatment;
3. p*P—statistically significant difference between the indicators in subgroups A and B;
4. pPc— statistically significant difference between the indicators in subgroups B and C;
5. p*°-— statistically significant difference between the indicators in subgroups A and C;
6. p' - statistically significant difference between the indicators in patients of one group before treatment

modification and after 12 weeks of treatment

The results of the study of MMP-1, MMP-9, and
TIMP-1 levels in obese patients with late-onset BA
depending on the treatment are shown in Table 2.

Baseline values of MMP-1, MMP-9, and TIMP-
1 were significantly higher vs. the control group
(46.8 = 1.77; 43.4 + 1.39, and 43.3 £ 1.13 ng/ml,
respectively), did not differ significantly among
subgroups (all p’s > 0.05) and decreased
significantly in all groups. MMP-1 level was
significantly lower in patients of 1B subgroup vs.
1A subgroup (p = 0.001) and IIC subgroup (p =
0.001). In 12 weeks, MMP-9 level decreased
significantly in patients of 1A and 11B subgroups vs.

baseline values, but it was significantly lower in
patients of IIB subgroup vs. 1A subgroup (p =
0.001) and IIC subgroup (p = 0.001); in IIC
subgroup, MMP-9 level remained at the baseline
level. This suggested that atorvastatin contributed to
a more significant decrease in MMP-9 level vs.
background therapy and background therapy +
vitamin D. TIMP-1 level decreased significantly
only in patients of 1B subgroup and was lower vs.
1A subgroup (p = 0.001) and IIC subgroup (p =
0.001). MMP-9/TIMP-1 ratio decreased
significantly in patients of subgroups A, B, and C
and depended on the method of treatment. This value
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was significantly lower in patients of 11B subgroup
vs. 1A subgroup (p = 0.002).

Before treatment modification, control indicators
did not differ among subgroups A, B, and C in
patients with early-onset BA, but after 12 weeks of
treatment, patients of subgroup A achieved better
control compared to patients of subgroup B (p =

0.001) and subgroup C (p = 0.001) (Table 3).
Assessment of late BA control progression showed
that BA control improved in all groups; however,
patients of the 1B subgroup achieved significantly
better BA control vs. the I1A subgroup (p = 0.001)
and I1C subgroup (p = 0.001).

Table 2 — Longitudinal treatment data on the level of matrix metalloproteinases and tissue inhibitor of matrix
metalloproteinases-1 in patients with late-onset bronchial asthma and obesity

Group MMP-1 p p* MMP-9 p p!
a-b
222.0 (110.0-376.0) ab( 502 208.1 (56.0-545.0) 0.932
ITA, n=22 'a_b
218.6 (110.0-365.0) +b (001 0.026 196.8 (45.0-507.0) 0.001 0.001
b-c
232.8 (33.0-345.0) b-0.155 203.9 (101.0-356.0) 0.708
IIB, n =25 B
96.5 (45.0-165.0) b-0.001 0.001 74.2 (34.0-230.0) 0.001 0.001
a-C
197.2 (98.0-356.0) a€(,325 213.9 (102.0-365.0) 0.697
IIC,n=21 'a_c
181.1 (95.0-311.0) 20,152 0.005 211.8 (105.0-378.0) 0.473 0.876
TIMP-1 p pt MMP-9/TIMP-1 p pt
a-b
213.6 (120.0-354.0) +b() 856 1.54 (0.58-3.38) 0.966
IIA,n=23 'a_b
210.3 (132.0-366.0) =b(0.001 0.394 1.19 (0.24-2.54) 0.002 0.026
b-c
227.4 (103.0-598.0) b-c0.270 1.82 (0.7-5.44) 0.515
1B, n =20 =
135.4 (65.0-345.0) b-0.001 0.001 0.69 (0.12-2.25) 0.137 0.001
a-C
239.0 (103.0-388.0) 20,135 1.43 (0.39-2.93) 0.610
IIC,n=22 'a_c
228.3 (98.0-375.0) a€(,375 0.052 0.78 (0.21-1.77) 0.031 0.023
Notes:

1. p*P—statistically significant difference between the indicators in subgroups A and B;
2. p°— statistically significant difference between the indicators in subgroups B and C;
3. p*°-—statistically significant difference between the indicators in subgroups A and C;
p* — statistically significant difference between the indicators in patients of one group before treatment

modification and after 12 weeks of treatment

The results of respiratory function examination
in patients of Groups | and Il depending on the
treatment method are shown in Table 4.

As we can see, in patients of Group I, FEV;
significantly increased in subgroups A and B, while
in subgroup C there was an increasing trend. Thus,
in subgroup A, FEV: increased by 13.3%, in

subgroup B — by 7.5%, and in subgroup C — only by
1.8% compared to the baseline level. FVC
significantly increased only in subgroup A (p =
0.003). An increase in AFEV; was observed in all
subgroups, but did not differ significantly. In
patients of Group Il, a significant increase of FEV;
was observed in subgroups A, B, and C. At the same
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time, FEV1 was higher in patients of 1B subgroup
vs. 1A subgroup (p = 0.001) and I1C subgroup (p =
0.031). FVC and FEV1/VC increased significantly

only in the IIA and IIB subgroups, while AFEV;
demonstrated a slight increasing trend.

Table 3 — Longitudinal treatment data on the level of BA control in patients with bronchial asthma and obesity

Subgroup | Before treatment modification p After 12 weeks p pt

Early onset

A,n=23 2.74 (1.6-4.2) +0(0,510 0.68 (0.3-1.4) +b0.001 | 0.001

B,n=20 2.86 (2.0-3.8) b<(.620 1.04 (0.4-1.4) b<0,037 | 0.001

C,n=22 2.97 (2.0-3.4) a€0.231 1.19 (0.2-3.2) ¢0.001 | 0.551
Late onset

A,n=22 2.32(1.5-4.2) #0 0,123 1.54 (0.45-3.0) +00,001 | 0.001

B,n=25 2.54 (1.6-3.6) b-(0.135 0.83 (0.2-1.5) b-c0,001 | 0.001

C,n=21 2.16 (1.6-3.2) +-¢ (0,990 1.95 (1.0-2.7) +0,017 | 0.012

Discussion. Considering the inconsistent results
of studies assessing the levels of MMP-1, MMP-9,
and TIMP-1 in patients with BA and obesity [21, 22]
and the heterogeneity of the pathogenetic mechanisms
of remodeling in different BA phenotypes [20, 3], we
differentially investigated the content of remodeling
markers depending on the age of BA onset. We
observed an increase in the content of MMP-1, -9, and
TIMP-1 in obese patients with early-onset and late-
onset BA compared to apparently healthy individuals.
At the same time, the level of remodeling markers was
significantly higher in late-onset BA compared to
early-onset BA. The higher content of MMP-1 and
MMP-9 in obese patients with late-onset BA can be
partially explained by TIMP-1-mediated prolongation
of neutrophil survival and activation of neutrophilic
inflammation through the secretion of neutrophil
elastase and myeloperoxidase [23]. It is obvious that
the obtained data regarding the difference in
remodeling marker levels observed in different
obesity-associated BA phenotypes added to the results
of researchers who claim the heterogeneity of the
mechanisms of its occurrence and progression, which
leads to specific endotypes of airway remodeling in
BA[20, 3].

At the next stage, we investigated the effect of
background therapy and its combination with
atorvastatin and vitamin D on the content of
remodeling markers. We found that the effect of
background therapy on MMP-1, MMP-9, and TIMP-
1 levels was less pronounced compared to combined
therapy involving atorvastatin. A particularly
effective impact on these markers was observed with

atorvastatin in obese patients with late-onset BA: they
had the highest level of remodeling markers. In these
patients, we observed a 2.4-fold, 2.7-fold, and 1.7-fold
decrease in MMP-1, MMP-9, and TIMP-1 levels,
respectively, while treatment with background
therapy and background therapy + vitamin D did not
demonstrate such a trend. A less pronounced effect on
the content of remodeling markers can be explained
by the fact that iGCs have more impact on the activity
of inflammation rather than on remodeling, while the
presence of bronchial structural changes is
responsible for the limited clinical response [2].
However, a number of studies have shown that GCs
affect both airway inflammation and remodeling
processes in BA, although their effect on extracellular
matrix, MMP, and TIMP is not very pronounced [10].
The results obtained in the study are consistent with
the data of Thomson NC (2015), who showed that
treatment with atorvastatin alone or in combination
with iGCs reduced the levels of pro-inflammatory
cytokines, chemokines, and growth factors
unresponsive to inhaled corticosteroids alone, as well
as the levels of MMP-8 and MMP-9, compared to
monotherapy with inhaled corticosteroids [24].
Statins also reduced the levels of inflammatory
biomarkers — high-sensitivity C reactive protein,
interleukin-6, interleukin-8, and sCD14 and the
secretion of monocyte chemoattractant protein-1. It
led to a decreased recruitment of leukocytes during
inflammation, which was associated with a decrease
in the content of remodeling markers as well as with a
significant decrease in metabolic disorders and levels
of pro-inflammatory cytokines [25, 26].
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Table 4 — Longitudinal data on the respiratory function assessment in patients with bronchial asthma and
obesity depending on treatment

Before treatment

Subgroup modification p After 12 weeks p p!
Early onset
FEV,
A,n=23 59.9 (43.0-72.0) 0,192 67.8 (55.0-78.0) +b0.006 0.001
B,n=20 56.9 (44.0-82.0) b-c(,782 61.2 (46.0-82.0) bc(0.413 0.001
C,n=22 57.1 (41.0-76.0) 2 (),328 58.1 (44.0-75.0) ¢ (0,002 0.06
FVC
A,n=23 77.6 (43.0-72.0) +b0.99 82.4 (68.0-99.0) 00,510 0.003
B,n=20 77.2 (55.0-99.0) b<0.820 79.1 (65.0-99.0) b¢0.479 0.063
C,n=22 75.9 (36.0-99.0) @€ (.874 76.2 (43.0-99.0) 2 (),145 0.317
FEV1/VC
A,n=23 82.3 (49.0-108.0) 00,043 82.2 (69.0-96.0) +b0.09 0.99
B,n=20 74.3 (55.6-103.0) b-c(,743 77.5 (60.0-103.0) b-¢(.830 0.008
C,n=22 77.7 (47.5-108.0) 20,180 77.6 (49.0-115.0) ¢ (),064 0.873
AFEV;
A,n=23 13.2 (11.0-18.0) +00.04 14.3 (10.0-19.0) +00.193 0.002
B,.n=20 14.2 (12.0-18.0) b<0.313 15.9 (11.0-25.0) b 0,751 0.004
C,n=22 13.6 (10.0-17.0) 2¢(,351 15.1 (10.5-19.0) 0,312 0.001
Late onset
FEV:
A,n=22 54.8 (42.0-72.0) @b 0,054 59.7 (47.0-72.0) +b0,001 0.001
B,n=25 60.7 (56.0-78.0) bc(,762 68.7 (56.0-78.0) b-c(0,031 0.001
Cn=21 57.7 (36.0-83.0) @€ 0,474 59.9 (41.0-83.0) €(,900 0.05
FVC
A,n=22 73.3 (48.0-97.0) 00,058 76.4 (56.0-97.0) +b0.006 0.003
B,n=25 81.4 (65.0-98.0) b¢0.650 85.4 (72.0-98.0) b<0,073 0.005
Cn=21 78.5 (51.0-99.0) 4,296 80.6 (67.0-97.0) ¢ ().203 0.167
FEV1/VC
A,n=22 76.2 (46.4-95.0) @0 ().865 78.8 (53.0-99.0) b 257 0.033
B,n=25 75.5 (52.4-93.6) b-¢(0.990 81.3 (68.0-92.0) b-c0.141 0.001
Cn=21 74.3 (37.5-105.0) 20,683 74.9 (43.0-105.0) 2,496 0.873
AFEV;
A,n=22 12.3 (8.0-18.0) +b(.170 12.4 (7.0-19.0) +00.181 0.485
B,.n=25 13.6 (8.0-19.0) b0.676 14.2 (8.0-21.0) b 0.692 0.07
Cn=21 13.3 (8.0-20.0) @€ (.208 13.5 (8-21.0) 2¢(),359 0.319
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We obtained data on higher clinical efficiency in
patients of the IA subgroup who received vitamin D
in addition to background therapy, which was
confirmed by an increase in the level of BA control
compared to that in patients of the B (p = 0.01) and
C (p = 0.037) subgroups. Thus, the combination of
vitamin D and background therapy did not
significantly affect MMP and TIMP-1 levels vs.
background therapy alone. However, vitamin D is
known to inhibit the airway remodeling process in
obese asthmatic patients without affecting the levels
of MMP and TIMP-1, to prevent the increase in the
expression of TGF-B1 and to have a synergistic effect
with anti-asthmatic drugs [27, 18, 28].

In patients with late-onset BA (I1B subgroup),
atorvastatin contributed to a better BA control
compared to patients of 1A and 11C subgroups. It is
consistent with the results of a meta-analysis by
Thomson NC (2015), which demonstrated a statin-
induced reduction in symptoms in asthmatic
smokers, which was associated with some local anti-
inflammatory effects in the airways and reduction in
emergency room visits, oral GCs use, and
hospitalizations. These patients were characterized
by neutrophilic inflammation accompanied by
increased proteolytic activity [24], which could be
reduced by statins. According to Holguin (2011),
patients with late-onset BA and obesity also have a
neutrophilic type of inflammation [19]. The effect of
statins on BA symptoms due to their anti-
inflammatory effect was confirmed in a study by
Nageeb ES (2019) [13]. The use of atorvastatin
improved ACT scores compared to placebo [12].
Also, atorvastatin reduced the frequency of
hospitalizations/emergency visits for asthma [29].
The obtained data confirm that statins contribute to
the prevention of exacerbations and to control of BA
symptoms and can be used as an additional therapy.

Airways remodeling may also explain the
irreversibility of bronchial obstruction and resistance
to treatment and should be a potential therapeutic
target in patients with BA and obesity, who are
characterized by more severe symptoms and worse
prognosis [9].

Meta-analysis of Sunata K (2022) including 11
randomized controlled studies and 8 observational
studies showed that statins improved ACT scores
and ACQ scores compared to placebo and reduced
asthma-related emergency room visits; however,
statins did not improve pulmonary function [30].
Another meta-analysis confirmed the positive effect
of statins in terms of clinical symptom reduction in
patients with BA according to the ACQ and ACT

scores; also, statins decreased C-reactive protein
level in blood serum and the number of eosinophils
in sputum with no improvement in pulmonary
function [31]. Obese patients with severe asthma
taking statins were found to have better control of
asthma symptoms according to ACT score vs. non-
statin users, but there was no statistically significant
difference in pulmonary function, use of GCs or
bronchodilators, and peripheral eosinophilia
between the two groups [32, 33]. The results of this
study also showed that patients with severe BA
might benefit from the addition of statins to their
treatment. Since the study population was comprised
of obese subjects, the asthma-obese phenotype may
be a target for further clinical trials evaluating the
safety and efficacy of statins in severe asthma.
Despite the lack of difference in spirometry and peak
flow measurements in some studies, a better BA
control according to ACQ score and reduced risk of
exacerbations have been proved, which indicates a
positive effect of statins in BA treatment [34, 11].
However, another study also proved the role of
statins in improving respiratory function [35].

In our study, a statistically significant increase in
FEV1 was observed in patients of 1A (13.3%) and IB
(7.5%) subgroups, but it was significantly higher in
the 1A subgroup vs. IB (p = 0.006) and IC (p = 0.002)
subgroups. FVC significantly increased only in
subgroup A (p = 0.003). An increase in AFEV; was
observed in all subgroups, but did not differ
significantly.

In patients of Group Il, a significant increase of
FEV1 was observed in subgroups A, B, and C. At the
same time, FEV1 was higher in patients of IIB
subgroup vs. 1A subgroup (p = 0.001) and IIC
subgroup (p = 0.031). FVC and FEV1/VC increased
significantly only in the I1A and 1IB subgroups,
while AFEV; demonstrated a slight increasing trend.
The impact of atorvastatin on respiratory function in
patients of the 11B subgroup was consistent with the
results of Sun S. et al. (2017), who reported that
statins reduced leptin levels and improved
respiratory function in obese patients with BA [35].

Alabed M (2022) showed in his study that statins
complemented the current background therapy of
BA by means of providing effect on several
mechanisms involved in the inflammation and
remodeling processes and could be a potential
therapeutic option for different BA phenotypes [36].
Our results optimized the use of statins by clarifying
the possibility and feasibility of using statins in
patients with BA: we demonstrated their significant
effect on the remodeling marker levels and clinical




Kachkovska V, Kovchun A, Dudchenko I, Prystupa L

efficacy (BA control, respiratory function)
specifically in obese patients with late-onset BA.
Thus, we identified a subgroup of patients with

CONCLUSIONS / BACHOBKH

MMP-1, MMP-9, and TIMP-1 levels were
significantly higher in obese patients with early-
onset and late-onset BA vs. apparently healthy
individuals and were significantly higher in obese
patients with late-onset BA vs. obese patients with
early-onset BA.

In early-onset BA, background therapy and its
combination with vitamin D or with atorvastatin
contributed to a statistically significant decrease in
the level of MMP-1, MMP-9, and TIMP-1.

Administration of atorvastatin in obese patients
with late-onset BA contributed to a more significant
decrease in MMP-1, MMP-9, and TIMP-1 levels vs.
background therapy or background therapy +
vitamin D.

statin-sensitive BA, i.e. obese patients with late-
onset BA, for whom statins might be most useful.

We demonstrated higher clinical treatment
efficiency in patients of the IA subgroup who
received vitamin D in addition to background
therapy, which was confirmed by an increase in the
level of BA control compared to that in patients of
the B (p = 0.01) and C (p = 0.037) subgroups. In
patients of the 1B subgroup, atorvastatin contributed
to a better BA control compared to patients of the
I1A subgroup (background therapy + vitamin D) and
11C subgroup (background therapy).

The maximum improvement of respiratory
function in obese patients with early-onset BA was
achieved with the combination of background
therapy + vitamin D, and in obese patients with late-
onset BA — with atorvastatin.

CONFLICT OF INTEREST / KOH®JIKT IHTEPECIB

The authors declare no conflict of interest.

FUNDING / IXKEPEJIA ®THAHCYBAHHA
None.

AUTHOR CONTRIBUTIONS / BKJIAJI ABTOPIB

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take

full responsibility for the integrity of all aspects of the work.

REFERENCES/CITMCOK JIITEPATYPU

1. Raeeszadeh-Sarmazdeh M, Do LD, Hritz BG.
(2020). Metalloproteinases and Their Inhibitors:
Potential for the Development of New
Therapeutics. Cells. 9 (5): 1313.
https://doi.org/10.3390/cells9051313

2. Huang Y, Qiu C. Research advances in airway
remodeling in asthma: a narrative review. Ann
Transl Med. 2022;10:1023. 10.21037/atm-22-2835

3. Hsieh A, Assadinia N, Hackett TL. Airway
remodeling heterogeneity in asthma and its
relationship to disease outcomes. Front Physiol.
2023 Jan 19;14:1113100.
https://doi.org/10.3389/fphys.2023.1113100.
PMID: 36744026; PMCID: PMC9892557.

4.  Ekpruke CD, Silveyra P. Airway remodeling in
asthma. Ann Transl Med. 2022 Nov;10(22):1189.
https://doi.org/10.21037/atm-22-5059. PMID:
36544664; PMCID: PMC9761175.

5. Thompson CA, Eslick SR, Berthon BS, Wood LG.
Asthma medication use in obese and healthy weight
asthma: systematic review/meta-analysis. Eur

Respir J. 2021;57(3):2000612.
https://doi.org/10.1183/13993003.00612-2020

6.  Tashiro H, Takahashi K, Sadamatsu H, et al.
Biomarkers for overweight in adult-onset asthma. J
Asthma Allergy. 2020;13:409-414.
https://doi.org/10.2147/JAA.S276371

7. Al Heialy S, Gaudet M, Ramakrishnan RK et al.
Contribution of IL-17 in steroid
hyporesponsiveness in obese asthmatics through
dysregulation of glucocorticoid receptors alpha and
beta. Front Immunol. 2020;11:1724.
https://doi.org/10.3389/fimmu.2020.01724

8.  Fitzpatrick AM, Chipps BE, Holguin F, Woodruff
PG. T2-“low” asthma: overview and management
strategies. J Allergy Clin Immunol Pract.
2020;8:452-463.

9.  Tatler AL. Asthmatic airway remodeling: long
overlooked but too important to ignore. Ann Transl
Med. 2023 Jan 31;11(2):29.
https://doi.org/10.21037/atm-22-5733. Epub 2022
Dec 7. PMID: 36819573; PMCID: PMC9929740.



https://doi.org/10.3390/cells9051313
https://doi.org/10.3389/fphys.2023.1113100
https://doi.org/10.21037/atm-22-5059
https://doi.org/10.1183/13993003.00612-2020
https://doi.org/10.2147/JAA.S276371
https://doi.org/10.3389/fimmu.2020.01724
https://doi.org/10.21037/atm-22-5733

Kachkovska V, Kovchun A, Dudchenko I, Prystupa L

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bullone M, Vargas A, Elce Y. Fluticasone/
salmeterol reduces remodelling and neutrophilic
inflammation in severe equine asthma. Sci. Rep.
2017;7:41-43.

Kim JH, Wee JH, Choi HG, Park JY, Hwang YI,
Jang SH, Jung KS. Association Between Statin
Medication and Asthma/Asthma Exacerbation in a
National Health Screening Cohort. J Allergy Clin
Immunol Pract. 2021 Jul;9(7):2783-2791.
https://doi.org/10.1016/j.jaip.2021.04.014. Epub
2021 Apr 21. PMID: 33894391.

Mehrabi S, Torkan J, Hosseinzadeh M. Effect of
atorvastatin on serum periostin and blood
eosinophils in asthma - a placebo-controlled
randomized clinical trial. J Int Med Res. 2021
Dec;49(12).
https://doi.org/10.1177/03000605211063721
Nageeb ES, Abumossalam AM, Arram EO,
Aboshehata ME. Evaluation of the effect of statin
therapy on airway inflammation and clinical
outcome of moderate and severe bronchial asthma.
Egypt J Chest Dis Tuberc 2019;68:328-37

Saadat S, Mohamadian Roshan N, Aslani MR,
Boskabady MH. Rosuvastatin suppresses cytokine
production and lung inflammation in asthmatic,
hyperlipidemic and asthmatic-hyperlipidemic rat
models. Cytokine. 2020 Apr;128:154993.
https://doi.org/10.1016/j.cyt0.2020.154993
Schaafsma D, Dueck G, Ghavami S et al. The
mevalonate cascade asatargetto suppress extra
cellular matrix synthesis by human airway smooth
muscle. American Journal of Respiratory Celland
Molecular Biology. 2011;44(3):394-403.

Hu G, Dong T, Wang S, Jing H, Chen J. Vitamin
D3-vitamin D receptor axis suppresses pulmonary
emphysema by maintaining alveolar macrophage
homeostasis and function. EBioMedicine.
2019;45:563-577

Han H, Chung SI, Park HJ, Oh EY, Kim SR, Park
KH, Lee JH, Park JW. Obesity-induced Vitamin D
Deficiency Contributes to Lung Fibrosis and
Airway Hyperresponsiveness. Am J Respir Cell
Mol Biol. 2021 Mar;64(3):357-367.
https://doi.org/10.1165/rcmb.2020-00860C.

Park JE, Pichiah PBT, Cha YS. Vitamin D and
metabolic diseases: growing roles of vitamin D. J
Obes Metab Syndr. 2018;27:223-232

Holguin F, Bleecker ER, Busse WW, et al. Obesity
and asthma, an association modified by age of
asthma onset. J Allergy Clin Immunol.
2011;127(6):1486-1493.
https://doi.org/10.1016/j.jaci.2011.03.036

Hough KP, Curtiss ML, Blain TJ, Liu RM, Trevor
J, Deshane JS, Thannickal VVJ. Airway Remodeling
in Asthma. Front Med (Lausanne). 2020 May
21;7:191. https://doi.org/10.3389/fmed.2020.00191

Mohamed HO. Matrix metalloproteinase-9 (MMP-
9) and tissue inhibitor of metalloproteinase-1

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(TIMP-1) as non-invasive biomarkers of
remodelling in asthma. J Pulm. Respir. Med.
2015;5:266. https://doi.org/10.4172/2161-
105X.1000266

Boumiza S, Chahed K, Tabka Z et al. MMPs and
TIMPs levels are correlated with anthropometric
parameters, blood pressure, and endothelial
function in obesity. Sci Rep 11, 20052 (2021).
https://doi.org/10.1038/s41598-021-99577-2
Schoeps B, Eckfeld C, Prokopchuk O, Béttcher J,
HauBler D, Steiger K, et al. TIMP1 triggers
neutrophil extracellular trap formation in pancreatic
cancer. Cancer Res. 2021;81:3568-3579.
Thomson NC, Charron CE, Chaudhuri R, Spears
M, Ito K, McSharry C. Atorvastatin in combination
with inhaled beclometasone modulates
inflammatory sputum mediators in smokers with
asthma. Pulm Pharmacol Ther. 2015 Apr;31:1-8.
https://doi.org/10.1016/j.pupt.2015.01.001
Carvalho KFDS, Ferreira AAM, Barbosa NC,
Alves JV, Costa RMD. Atorvastatin Attenuates
Vascular Remodeling in Mice with Metabolic
Syndrome. Arq Bras Cardiol. 2021 Oct;117(4):737-
747. https://doi.org/10.36660/abc.20200322

Sabeel S, Motaung B,Ozturk M, et al. Protocol for
systematic review and meta-analysis:impact of
statins as immune-modulatory agents on
inflammatory markers in adults with chronic
diseases. BMJ Open. 2020;10:e039034.
https://doi.org/10.1136/bmjopen-2020-039034
Sobczak M, Rafat P. Does Vitamin D Work
Synergistically with Anti-Asthmatic Drugs in
Airway Remodeling? Int. J. Mol. Sci.
2022;23(21):12798,
https://doi.org/10.3390/ijms232112798

Li SR, Tan ZX, Chen YH, Hu B, Zhang C, Wang
H, et al. Vitamin D deficiency exacerbates
bleomycin-induced pulmonary fibrosis partially
through aggravating TGF-B/Smad2/3-mediated
epithelial-mesenchymal transition. Respir Res.
2019;20:266

Tse SM, Charland SL, Stanek E, et al. Statin use in
asthmatics on inhaled corticosteroids is associated
with decreased risk of emergency department visits.
Curr Med Res Opin. 2014;30:685-93

Sunata K, Kabata H, Kuno T, Takagi H, So M,
Masaki K, Fukunaga K (2022). The effect of statins
for asthma. A systematic review and meta-analysis.
Journal of Asthma. 59(4):801-810.
https://doi.org/10.1080/02770903.2021.1879850
Zhang QX, Zhang HF, Lu XT, Zhao J, Xu QX.
Statins improve asthma symptoms by suppressing
inflammation: a meta-analysis based on RCTSs. Eur
Rev Med Pharmacol Sci. 2022 Nov;26(22):8401-
8410.

https://doi.org/10.26355/eurrev_202211 30376.
PMID: 36459023



https://doi.org/10.1016/j.jaip.2021.04.014
https://doi.org/10.1177/03000605211063721
https://doi.org/10.1016/j.cyto.2020.154993
https://doi.org/10.1165/rcmb.2020-0086OC
https://doi.org/10.1016/j.jaci.2011.03.036
https://doi.org/10.3389/fmed.2020.00191
https://doi.org/10.4172/2161-105X.1000266
https://doi.org/10.4172/2161-105X.1000266
https://doi.org/10.1038/s41598-021-99577-2
https://doi.org/10.1016/j.pupt.2015.01.001
https://doi.org/10.36660/abc.20200322
https://doi.org/10.1136/bmjopen-2020-039034
https://doi.org/10.3390/ijms232112798
https://doi.org/10.1080/02770903.2021.1879850
https://doi.org/10.26355/eurrev_202211_30376

Kachkovska V, Kovchun A, Dudchenko I, Prystupa L

32.

33.

34.

Zeki AA, Elbadawi-Sidhu M. Innovations in
asthma therapy: is there a role for inhaled statins?
Expert Rev Respir Med. 2018 Jun;12(6):461-473.
https://doi.org/10.1080/17476348.2018.1457437.
Epub 2018 May 3. PMID: 29575963; PMCID:

PMC6018057. 35.

Zeki AA, Chmiel K, Fiehn O. Statin Drug
Lipophilicity Affects Airway Epithelial

Distribution: Not All Statins Are Created Equal. 36.

American Journal of Respiratory and Critical Care
Medicine. 2019;199:A2170
https://doi.org/10.1164/ajrccm-
conference.2019.199.1 MeetingAbstracts.A2170
Wang JY, Yao TC, Tsai YT, Wu AC, Tsai HJ.
Increased dose and duration of statin use is

Received 20.01.2024
Accepted 23.02.2024

associated with decreased asthma-related
emergency department visits and hospitalizations. J
Allergy Clin Immunol Pract. 2018 Sep-
Oct;6(5):1588-1595.e1.
https://doi.org/10.1016/j.jaip.2017.12.017.

Sun S, Han W, Hao W. Clinical studies of
simvastatin in treatment of adult-onset obesity with
asthma. Biomedical Research. 2017;28(14):6514-7.
Alabed M, Elemam NM, Ramakrishnan RK,
Sharif-Askari NS, Kashour T, Hamid Q, Halwani
R. Therapeutic effect of statins on airway
remodeling during asthma. Expert Rev Respir Med.
2022 Jan;16(1):17-24.
https://doi.org/10.1080/17476348.2021.1987890.
Epub 2021 Oct 28. PMID: 34663161.

Ooepircano 20.01.2024
3ameeporcerno 0o opyky 23.02.2024

INFORMATION ABOUT THE AUTHORS / BIIOMOCTI ITPO ABTOPIB

Vladyslava Kachkovska, MD,

vlady dytko@ukr.net,

PhD, Associate Professor,

https://orcid.org/0000-0002-9563-5425,

Anna Kovchun, MD, PhD, https://orcid.org/0000-0002-5856-8323, annakovchun@ukr.net

Iryna  Dudchenko, MD, PhD, Associate

ia.dudchenko@gmail.com

Liudmyla Prystupa, MD, Dr of Med. Sciences, Professor,

PrystupaLN@ukr.net

159

Professor,

https://orcid.org/0000-0002-7038-4455,

https://orcid.org/0000-0002-6454-9831,



https://doi.org/10.1080/17476348.2018.1457437
https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A2170
https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A2170
https://doi.org/10.1016/j.jaip.2017.12.017
https://doi.org/10.1080/17476348.2021.1987890
https://orcid.org/0000-0002-9563-5425
mailto:vlady_dytko@ukr.net
https://orcid.org/0000-0002-5856-8323
mailto:annakovchun@ukr.net
https://orcid.org/0000-0002-7038-4455
mailto:ia.dudchenko@gmail.com
https://orcid.org/0000-0002-6454-9831
mailto:PrystupaLN@ukr.net

