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Lung ventilation impairment in asthma patients with obesity
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BA s characterized by more severe course, worse response to standard therapy in obese patients, therefore asthma with obesity
is considered not just as comorbidity but as a distinct BA phenotype.

Aim. To study the lung ventilation impairment in asthma patients with obesity using capnometry. The tasks are to study parameters
of lung ventilation in asthma patients and healthy persons and to compare these parameters in asthma patients depending on
the presence of obesity.

Materials and methods. The study involved 60 participants (29 men and 31 women) aged 24 to 74 years, the mean age was
52.3 + 2.7 years, including 30 patients with asthma and 30 healthy subjects. For all participants, body plethysmography and
capnometry were performed.

Results. The respiratory minute volume and alveolar ventilation volume were higher in asthma patients with obesity, and the volume
of dead space ventilation and its fraction in the tidal volume were not substantially different among the groups of patients with
BA. Specifically in relation to the gas exchange parameters, it was found that in obese asthmatics, the end-tidal carbon dioxide
pressure was significantly increased — 4.8 + 0.1 kPa compared with non-obese patients 4.3 + 0.1 kPa, P < 0.05. The end-tidal
oxygen concentration was significantly decreased — 15.3 + 0.2 % compared to normal weight patients 16.0 £ 0.2 %, P < 0.05.

Conclusions. Asthma patients with obesity have characteristics that include reduced total lung capacity, inspiratory capacity
and forced vital capacity with a higher degree of airways obstruction. These changes lead to lung ventilation impairment with
a tendency to carbon dioxide retention, which may be an unfavorable factor for the process of gas exchange with increased
oxygen demands for the entire organism in obesity.

MopywweHHA AereHeBoi BEHTUAALLi y XBOPUX HA OPOHXiaAbHY acTMy 3 0XKMUPIHHAM

10. I. ®ewwerko, I. A. TymeHtok, M. |. TymeHtok, C. B. 3aikos, 0. M. Pekanoga, C. I. Onimax

[ns 6poHxianbHoi acTMm (BA), LLO PO3BUBAETLCS HA TTi OXMPIHHS, NPUTaMaHHi TSHK4MIA Nepebir, 3HVKEHHS BIANOBIZI HA CTaHAAPTHY
Tepanito. Take NoegHaHHS PO3rMALA0Tb 9K OKPeMUii (heHOTUN 3aXBOPIOBAHHS.

MeTa po60TH — BUBYMTY NOPYLLEHHS TErEHEBOT BEHTUMNSALLT Y XBOPUX HA aCTMy 3 OXMPIHHAM 3a JONOMOrOK METOAMKM KarHO-
MeTpii. 3aBAaHHs AOCTIMKEHHS NONSrant y BUBYEHHI NapameTpiB NereHeBol BEHTUNALi y XBOPWX Ha acTMy Ta 340POBKX 0CiD i
MOPIBHSHHI NapaMeTpiB NereHeBoi BEHTUNSLLIT Y XBOPUX HA aCcTMY 3aNneXHO Bif HASIBHOCTI OXMPIHHS.

Marepianu Ta meTogum. Y gocnigkeHHi B3anm yyactb 60 oci6 (29 vonosikis i 31 xiHka) BikoM Big 24 [0 74 pokis, cepe Hux — 30
xBopux Ha BA i 30 3gopoBux oci6, skum BukoHanu Goginnetnamorpadito Ta KanHOMETPItO.

PesynkraTi. Y XBOpKX Ha acTMy 3 OXUPIHHAM BU3HaYatoThb GinbLui 06'eM XBUMMHHOI BEHTUNALLT Ta 06'€M anbBeonspHOi BEHTU-
nALii NOpiBHAHO 3 XBOpUMM Ha BA 6e3 oXupiHHS. Mpn OXMpIHHI BIpOriaHO 36iNbLUYETLCA NapLianbHUA TUCK BYTNEKUCIONO rasy B
KiHUi Buauxy (4,8 + 0,1 klMa) nopiBHsHO 3 navieHTamu 6e3 oxupinHs (4,3 £ 0,1 kMa), p < 0,05. BctaHoBMNM BipOrigHE 3MEHLLEHHS
(hpaKLifHOT KOHLEHTPaLi KMCHIO B KiHUi BUamxy 80 15,3 + 0,2 % npu oxmpiHHi nopiHsHO 3 16,0 + 0,2 % y XBOpMX Ha acTmy 3
HopManbHOK Macoto Tina, p < 0,05.

BucHoBku. [Ins XBOpKX Ha BPOHXianbHy acTMy 3 OKUPIHHAM NpUTaMaHHi 3HWKEHHS! 3aranbHOi EMHOCTI NereHb, EMHOCTI BAUXY
Ta XWUTTEBOI EMHOCTI JIereHb, a TakoX 3HAYHO BUPaXeHW CTyniHb 0BCTPYKLIT AnxanbHux winsxis. Lii aMiHu npusBogaTe 4o
NOPYLLEHHS NereHeBol BEHTUNALT 3 TEHAEHLIEI0 4O 3aTPUMKM BYTTIEKUCNOTY B OPraHiaMi, LLO CYXWUTb HECTIPUATIIMBUM TSIOM
(yHKUiOHYBaHHSA ra3000MiHy B yMOBaXx MiABWLLEHOI 3aranbHOi NOTPEOK OpraHiamy B KUCHI NPy OXWPIHHI.

HapyweHua AerouHoN BEHTUAALMK Y 60AbHBIX OPOHXMAALHOW aCTMOM C 0XKMPEHHEM

10. U. dewweHko, I. A. TymeHtok, H. U. TymeHtiok, C. B. 3aiikos, E. M. PekanoBa, C. I. Onumax

BpoHxuanbHas actMa (BA) y BorbHbIX C OXMpPeHNeM XapakTepuayetcsi Gonee TsHKENbIM TEYEHUEM, CHIPKEHHBIM OTBETOM Ha
CTaHAaPTHYIO TEpaNuIo 1 paccMaTpUBAETCS Kak OTAeNbHbIA heHoTVN 3abonesanms.

Llenb pa6otbl — MU3Yy4nTb HapyLUEeHNA BEHTUNALUN Nerkux y 6OrbHBIX acTMON C OXUPEeHnem C ncnonb3oBaHMeM MeETOOUKN
KanHomeTpuu. 3apaun uccnenosaxms — U3y4nTb NapamMeTpbl BEHTUNALMM NErkMX y nalumMeHToB C acTMoii 1 3A0pPO0BbIX nopen n
CpaBHWTb NapaMeTpbl BEHTUMALUMM NErKUX Y NALMEHTOB C aCTMOW B 3aBUCUMOCTM OT HaMM4YMs OXKUPEHUS.
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Oleer HaAbHbl€ NCCAEAOBAHNA

Marepuansi u metogbl. B nccnegoanumn npuHsanm yyactue 60 y4acTHUKOB (29 MyxunH v 31 xeHLmHa) B Bo3pacTe oT 24 fo 74
net, cpeam Hux 30 BonbHbix BA 1 30 300pOBbIX NKL, KOTOPLIM NPOBEAEHO HoaMNNeTM3MOrpacnio U KaNHOMETPUH.

Pesynirathl. Y 60MbHbIX aCTMOW C OKUPEHNEM YCTaHOBMEHBI 60Mee BbICOKWME MUHYTHbIN 0BbeM AbIXxaHus M 06bem anbBeonspHON
BEHTUNALMM MO CpaBHEHNIO ¢ BomnbHbIMY BA 6e3 oxupeHus. Mpy 0XMpeHnn JOCTOBEPHO YBENUYMBAETCA NapLansHoe AaBneHne
yrnekucnoro rasa B koHue Bblgoxa (4,8 0,1 klMa) no cpaBHeHuto ¢ nauneHTamu 6e3 oxuperns (4,3 £ 0,1 kMa), p < 0,05. OTtme-
YEHO AOCTOBEPHOE YMEHbLLEHME (DPaKLIMOHHON KOHLIEHTPALWK KMCMNOpoAa B KOHLE Bblgoxa 4o 15,3 £ 0,2 % npu oxupeHuy no
cpaBHeHuio ¢ 16,0 £ 0,2 % y BonbHbIX aCTMOMN ¢ HOpManbHON Maccoi Tena, p < 0,05.

BbiBoabl. [Ins 6onbHbIX BA ¢ OX1peHMeM xapaKkTepHO CHUXeHWe OBLLEN eMKOCTU NMErkux, eMKOCTU BAOXa W XU3HEHHON
€MKOCTU NEerkuX, a Takke 6onee BblpaxeHHas cTeneHb 0BCTPYKUMW AbIXaTenbHbIX NyTei. JaHHble U3MEHEHUs NPUBOASAT K
HapYLLEHWIO NIETOYHOM BEHTUMALMM C TEHAEHUMEN K 3a[lepXKe YIMEKUCNOTbl B OPraHU3Me, YTO CIyXUT HEBRaronpusiTHbIM
hoHOM (pyHKLIMOHMPOBaHKS razoobmeHa npu NoBbILLEHHO 06LLen NOTPeBGHOCTM OpraHM3Ma B KUCIOPOAE NPU OXUPEHMUN.

The prevalence of both obesity and bronchial asthma (BA) is
increasing now as well as their comorbidity [1]. The problem
of asthma and obesity has been studied since 1999, when
it was found that overweight people have a higher risk of
asthma development. After 10 years, the results of more
than 50 studies worldwide have shown a higher incidence of
asthma in obese individuals. Later, a causal relationship be-
tween weight gain and asthma development was proved [2].

In GINA (Global Initiative for Asthma) guidelines,
obesity is included in the list of the risk factors and clinical
manifestations of asthma. Weight reduction in obese and
overweight patients with asthma is recommended in order
to improve lung function, symptoms and health status. BA
is characterized by more severe course, worse response
to standard therapy in obese patients, therefore asthma
with obesity is considered not just as a comorbidity but as
a distinct BA phenotype [3].

Obesity is a state of the systemic inflammatory re-
sponse, and fatty tissue is an active source of proinflam-
matory mediators (adipokines) secretion such as C-reactive
protein, tumor necrosis factor a, interleukin-6, -4, -5 and -13,
plasminogen activator inhibitor, eotaxin, vascular endothelial
growth factor, monocyte chemoattractant protein-1. Obesity
is accompanied by oxidative stress, as evidenced by the in-
crease in isoprostane-8 and other markers in both plasma
and bronchiolar alveolar lavage fluid with increasing body
mass index [4,5].

Obesity has a significant pathophysiological impact on
the respiratory system function including ventilation, respira-
tory mechanics, respiratory muscle strength and endurance,
gas exchange, control of respiration, decreasing exercise
capacity and resulting in respiratory failure [6].

Repeated episodes of airway obstruction in asthma
also lead to gas exchange disturbances especially due to
ventilation-perfusion mismatch. The presence of significant
gas exchange abnormalities along with almost normal clini-
cal and spirometric parameters in patients is the peculiarity
of asthma [7].

We study the possibilities of capnometry in evaluating
pulmonary ventilation in patients with asthma. Capnometry
is a measurement and a digital representation of the con-
centration or partial pressure of carbon dioxide in the air that
inhales or exhales the patient during the respiratory cycle.
Due to the integration of capnometers and pneumotacho-
meters in one device and the unique capnometry capability
to calculate CO -free air during exhalation as a dead space
volume and its fraction in the tidal volume, it is possible to
evaluate the effectiveness of alveolar ventilation [7].

Aim
To study the lung ventilation impairment in asthma patients
with obesity using capnometry. The tasks of the work are:
— to study parameters of lung ventilation in asthma
patients and healthy persons;
—to compare the lung ventilation parameters in asthma
patients depending on the presence of obesity.

Materials and methods

The study involved 60 participants (29 men and 31 wom-
en) aged 24 to 74 years, the mean age was 52.3 + 2.7
years including 30 patients with asthma and 30 healthy
subjects.

The inclusion criteria for asthma patients —women and
men from 18 years old, bronchial reversibility — percentage
change in baseline forced expiratory volume in the first
second (FEV1) of >12 % (or 2200 ml) after administering
short-acting 8,-agonists. Only asthma patients who had
no signs of disease exacerbation at the time of the exam-
ination participated in the study. The inclusion criteria for
healthy individuals — women and men from 18 years old
with normal respiratory function without bronchial obstruc-
tive pathology at the time of the examination. In addition,
for all participants — study protocol awareness and signed
informed consent to participate in the study, the ability
to understand and perform maneuvers of the diagnostic
procedures.

The exclusion criteria were having other than asthma
respiratory diseases, severe uncontrolled progressive
chronic diseases that can affect the examination results,
mental disorders.

The diagnosis of asthma was determined by the Order
of Ministry of Health of Ukraine No 868 from 08.10.2013
“About the approval and implementation of medical-tech-
nological documents on the standardization of medical care
for bronchial asthma” [8].

Body mass index (BMI) was calculated as body weight
in kilograms divided by height in meters squared. Obesity
was defined in subjects with BMI 30.0 kg/m? or higher.

The BA group consisted of 30 patients (11 men and 19
women) with the mean age of 57.3 £ 2.3 years and the mean
FEV, 72.3 £+ 1.8 % with both normal weight and obesity.

The group of healthy individuals consisted of 30
subjects (18 men and 12 women) with the mean age of
48.7 £ 3.7 years and the mean FEV, 100.2 + 1.5 % with
normal weight.

Pulmonary function tests and capnometry were per-
formed for all subjects.

3anopoxckuii MeguumHekuin xypHan. Tom 21, Ne 6(117), Hosbpb — aekabpb 2019 .



Pulmonary function tests (body plethysmography and
spirometry) were performed on the “Master Screen PFT”
apparatus of the “Cardinal Health” company (Germany)
according to the manufacturer's methodology. The following
parameters were studied:

— total resistance (Rtot),

— total lung capacity (TLC),

— residual volume (RV),

— RV/TLC ratio,

— intrathoracic gas volume (ITGV),

— inspiratory capacity (IC),

— forced expiratory volume in the first second (FEV.),

— forced vital capacity (FVC),

- FEV,/FVC ratio,

— maximal expiratory flow at 75 %, 50 % and 25 % of
remaining FVC (MEF,, ., MEF, ,, MEF ).

Capnometry was performed on a set for cardiorespira-
tory system examination “Oxycon Pro”, “Cardinal Health”
(Germany), the following parameters were studied:

- volume of dead space (the volume of gases in
non-perfused alveoli), ml (VD, ml),

— dead space to the tidal volume ratio % (VD%VT),

— minute ventilation (V'E, I/min),

— alveolar ventilation (VA, I/min),

- end-tidal CO, pressure, (PETCO,, kPa),

- end-tidal O, fraction (FETO,, %).

The data collection and mathematical processing
was carried out by licensed software products included in
the Microsoft Office Professional 2007 package, Russian
Academic OPEN 1 License No Level 43437596. Statistical
analysis was performed using MS Excel with descriptive
statistics (mean (M), the mean error (m)) and nonparametric
statistics (Mann—Whitney test for two independent samples)
and the level of significance (P) was determined. Statisti-

Table 1. Anthropometric data of the subjects (M

Original research

cally significant differences were estimated at p-values of
less than 0.05.

The study was agreed with the Ethics Committee
of the NIPhP NAMS, all participants were acquainted
with the study protocol and gave their written informed
consent.

Results

Data on age, body weight and BMI of study participants
are shown in Table 1.

Anthropometric data, except for BMI, of the asthma
patients did not differ from healthy subjects as healthy
subjects were not obese. Accordingly, there were statistically
significant differences only in body weight and BMI between
asthma groups due to having obesity. 11 patients from 30
asthmatics were obese.

Based on the pulmonary function test results it was
found that unlike healthy individuals, in asthma patients, all
the parameters of body plethysmography and spirometry
were abnormal, except for the TLC and IC, with the statis-
tically significant difference (Table 2).

In determining the effect of obesity on the pulmonary
function test in patients with asthma, we obtained evidence
showing that lung volumes were reduced in patients with
obesity. In particular, TLC, IC and FVC were reduced. At
the same time, the severity of bronchial obstruction was
more pronounced in obese patients compared with those
without obesity.

Capnometry was performed for all 60 participants in
the study. To solve the first task of our work, we analyzed
the capnometry results in patients with asthma and healthy
individuals. It was found that the overall pulmonary ven-
tilation parameters in patients with asthma were slightly

Indicators, units Asthma patients,
(n=30)

Age, years 573+23
Body weight, kg 79.6+3.5
BMI, kg/m? 287+1.1

Asthma patients

Asthma patients

Healthy subjects,
(n=30)

with obesity, without obesity,

(n=11) (n=19)

60.3+2.6 555+34 487137
99.0+4.2 68.3£2.5* 785+2.7
345+14 254 +0.7* 242+0.7*

*: statistically significant difference between asthma patients and healthy subjects, P < 0.05; #: statistically significant difference between asthma patients with and without obesity,

P <0.05.

Table 2. Pulmonary function test results (M

Asthma patients

Asthma patients

Healthy subjects,
(n=30)

Indicators, units Asthma patients,
(n=30)

with obesity, without obesity,

(n=11) (n=19)
Rtot, % 181.1+134 180.38 +27.4 1815+15.6 91.2+52*
TLC, % 1034+£28 96.3+3.9 107.7 £ 3.7 101.7+£28
RV, % 1287164 1219+ 134 1328+6.8 103.0+5.1*
RV/TLC, % 447114 448132 44613 325+1.7*
ITGV, % 106.7 £ 4.1 99.1+8.1 1113145 93.2+4.4*
IC, % 107.8+4.2 101.1+3.3 111.6 + 3.8* 1134135
FEV,, % 723+18 67.8+2.1 749 +2.4* 100.2 £ 1.5%
FVC, % 93.9+2.1 87.1+23 97.9+2.7* 102.4 £1.9%
FEV/FVC, % 64.4+1.6 65.1+24 64.0+22 816+1.2*
MEF ., % 523+35 521741 524+41 92.0+3.2*
MEF ;, % 318121 30.3£3.3 327128 88.7 + 3.6*
MEF ., % 225+19 239+33 216+23 68.4 £5.9*

*: statistically significant difference between asthma patients and healthy subjects, P < 0.01; #: statistically significant difference between asthma patients with and without obesity,

P <0.05.
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Table 3. Capnometry results (M

Asthma patients Healthy subjects,
without obesity, (n=30)
(n=19)

Indicators, units Asthma patients, Asthma patients
(n=30) with obesity,
(n=11)

V’E, L/min 10.7+£04 1.5+0.8 10.3+04 106+0.3
VD, ml 189+8 210.9+15.0 199.1£11.9 18148
VD%VT 27413 27418 29.3+1.6 27112
VA, L/min 78106 82105 74+04 79£02
PETCO,, kPa 45+0.17 48101 43+£0.1% 4601
FETO,, % 15.7£0.1 153102 16.0+0.2¢ 155+0.1

*: statistically significant difference between asthma patients and healthy subjects, P < 0.01;#: statistically significant difference between asthma patients with and without obesity,

P <0.05.
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different from those in healthy individuals. Thus, the average
value of V¢E was 10.6 £ 0.3 I/min in healthy individuals and
10.7 £ 0.4 I/min in asthma patients (Table 3). As for the VD, it
was, on average, higher in patients with asthma— 189 £ 8 ml
compared with healthy individuals — 181 + 8 ml, but without
statistically significant difference between groups. VD%VT
was also higher in asthma patients 27.4 + 1.3 % than
in healthy persons 27.1 £ 1.2 %, but without statistical
significance.

In resolving the second task of our work, it was found
that the indicators of V'E and VA were higher in patients with
obesity, while VD and VD%VT were not substantially differ-
ent among the groups of patients with BA (table 3). Spe-
cifically in relation to the gas exchange parameters, it was
found that in obese asthmatics, the indicators of PETCO,
were significantly increased — 4.8 + 0.1 kPa compared with
non-obese patients 4.3 = 0.1 kPa, p <0,05, but the indica-
tors of FETO, were significantly decreased - 15.3+ 0.2 %
compared to normal weight patients 16.0 + 0.2 %,
P <0.05.

Discussion

The obtained results of the pulmonary function tests
correspond to the generally accepted data that in obesity,
the TLC decreases due to an increased pressure in the ab-
dominal cavity impeding the normal diaphragm excursion.
Another TLC reduction mechanism is an excessive fat
deposition in the thoracic cavity, which reduces the space
for complete lung expansion during inhalation. The same
mechanism is suggested for the decrease in IC [9]. In our
study, a more pronounced bronchial obstruction was in
obese asthmatics with FEV, 67.8 + 2.1 % compared to
those without obesity 74.9 £ 2.4 %, P < 0.05 that can be
explained by a higher degree of bronchial hyperreactivity
in BA-obesity phenotype [10]. The literature indicates that
even obese non-asthmatics may have a significant airway
obstruction due to small airway collapse when lung volume
is reduced [11].

A similar mechanism underlies a higher PETCO, in
obesity. An accumulation of carbon dioxide in the alveolar
space is associated with inadequate ventilation through
mechanisms of lung volumes reduction, inhibition of
neural respiratory drive, respiratory muscle weakness
and ventilation-perfusion mismatch [12]. Given the fact
that carbon dioxide easily dissolves in blood and pen-
etrates biological membranes, the value of PETCO, in
the ideal pulmonary diffusing capacity should correspond
to the partial pressure of carbon dioxide in arterial blood

[13]. Although the level of PETCO, in the examined pa-
tients 4.8 + 0.1 kPa did not exceed the normal values for
this indicator (4.0-5.7 kPa) [14], but it was significantly
higher than that in patients without obesity — 4.3 + 0.1
kPa, P < 0.05, indicating the compromised processes
of pulmonary ventilation with a tendency to accumulate
carbon dioxide in these patients.

Regarding the FETO,, it can be calculated from inspired
atmospheric oxygen concentration of 20.85 % and expired
oxygen concentration of 16.0 % by a non-obese asthma
patient, so oxygen absorbance from the atmosphere is
4.85 %. Similarly, we assume that if expired oxygen con-
centration is 15.3 % in obese asthmatics, that is oxygen
absorbance is 5.55 %, which is 14 % higher compared to
patients without obesity.

According to the literature data, body weight gain
causes an increased total oxygen demand. The research
results show that oxygen consumption in obese patients at
restis 25 % higher than in patients with normal body weight.
Metabolism in overweight individuals requires higher lung
ventilation both for oxygen supply to tissues and carbon
dioxide elimination [11]. In our study, oxygen consump-
tion in obese patients was not as high as in the sources
mentioned. We explain this difference by the fact that in
our case, asthma patients with bronchial obstruction were
studied rather than obese non-asthmatics.

Despite the lack of pharmacological strategies for a
specific treatment of obese asthmatics, weight loss stra-
tegies have been thoroughly investigated and shown to be
effective in improving respiratory health in these patients
[15]. Thus, obesity is a current problem of clinical practice
which significantly disrupts overall health of patients and
complicates the course of BA, in particular [16].

Conclusions

1. Asthma patients with obesity have characteristics
thatinclude reduced total lung capacity, inspiratory capacity
and forced vital capacity with a higher degree of airways
obstruction.

2. These changes lead to lung ventilation impairment
with a tendency to carbon dioxide retention, which may
be an unfavorable factor for the process of gas exchange
with increased oxygen demands for the entire organism
in obesity.

Prospects for further research. Capnometry diag-
nostics criteria development for non-invasive hypercapnia
detection in obese asthma patients for initial assessment
prior to therapy and control evaluation of treatment efficacy.
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