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Abstract

Introduction. The SARS-CoV-2 virus has caused a pandemic that has swept the whole world, since the end of 2019.
Obese people around the world are at high risk of severe complications from Covid-19 due to the increased risk of chronic
diseases caused by obesity.

The aim: to study the relationship between body weight (BMI) and outcomes of Covid-19 pneumonia depending on the
radiological stage of lung damage.

Methods. 303 case histories of patients were retrospectively studied who received inpatient treatment in the infectious
diseases department of the Semey Emergency Medical Service Hospital for Covid-19 at the peak of incidence from June 15,
2020 to July 15, 2020. A statistical analysis was carried out in the relationship between clinical and radiological indicators.

Results. There were 68 people with an increased BMI from the 290 patients with positive PCR test and who received
inpatient treatment, women are 21.6%, men are 25.2%. The average age in the general group was 59.5+15.2. The end point
as an unfavorable complication was a fatal outcome (FO). A positive correlation was determined between the degree of
pulmonary lesion on CT-3 and CT-4 and FO (¢ =0.009). The severity of Covid-19 pneumonia was based on an assessment
of the degree of lung damage according to Chest X-ray and Chest CT. Patients with FO had a percentage of pulmonary
lesion greater than 50%. It was found that the prevalence of the pathological process in the lungs is influenced by several
unfavorable factors, including BMI.

Conclusions. Increased body weight did not affect mortality from pneumonia, and one of the predictors of the severity of
pneumonia and death was the degree of pathological changes in the lungs, which is diagnosed by X-ray methods.

Keywords: Covid-19 pneumonia, BMI, CT of lung, Chest X-ray.
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Beepenune. C koHua 2019 roga Bupyc SARS-CoV-2 ctanm npuuMHOi NaHa4emuu, OXBaTWBLUMIA Becb Mup. Jliogu ¢
OXMPEHWEM, BO BCEM MUpE, NOABEPratoTCs BbICOKOMY PUCKY TSXKEMbIX ocnoxHeHn Covid-19 B cumy MOBbLILLEHHOTO pucka
XPOHMYECKMX 3a00NeBaHNiA, BbI3bIBAEMbIX OXUPEHUEM.

Uenb: u3yuntb cBasb Mmexagy Mmaccon Tena (MMT) wm wucxogamm Covid-19 nHeBMOHWM B 3aBMCUMOCTW OT
PEHTTEHOMNOTMYECKON CTaauUN NMOBPEXKAEHNS NErKNX.

MeToabI. Bbinu peTpocnekTBHO M3ydeHbl 303 ucTopuii G0Ne3HM NauMeHTOoB, MONYyYaBLUMX CTALMOHAPHOE NeYeHe B
MHEKLIMOHHOM OTAENEeHUI BonbHULILI CKopo MeaunLmHekoi cnyxbbl r.Cemeir, no nosoay Covid-19 B nuk 3a6onesaemocTy
¢ 15.06.2020 no 15.07.2020r. MpoBeaeH CTaTUCTUYECKUI aHANNU3 CBA3EH KIMHNYECKUX U PEHTTEHONOMNYECKIX NoKasaTenen.

PesynbTatbl. U3 290 naupeHToB ¢ nonoxutensHbiM MLIP TecToM 1 nonyumBLLIMX CTaLMOHAPHOE NeYeHe, C NOBbILLEHHBIM
WMT 6bino 68 uenosek, xeHwuH — 21,6%, myxumH — 25,2%. CpenHuin Bospact B obLeir rpynne coctasun 59,5+15,2.
KoHeuHol TouKoi — HeBMaronpusTHbIM OCNOXHEHWEM sBuncs netanbHbiii ucxod (NM). Onpegensnack MONMoXuTenbHas
Koppensuus Mexay CTeneHbio NerouHoro nopaxenus Ha KT-3 u KT-4 n JIN (9=0,009). TsxxecTb TeueHus Covid-19 nHeBMOHMUM
OCHOBbIBanach Ha OLEHKE CTENEHW NOPaXeHWs NErkux no JaHHbIM peHTreHorpamMmbl 1 KT rpyoHon kneTku. MaumeHTsl ¢ JIA
MMEnM NpoLeHT neroyHoro nopaxerus 6onblue 50%. Bbino obHapykeHO, YTO Ha pacnpoOCTPaHEHHOCTb MATOMNOMMYECKOrO
npoLiecca B NErkux BMSIOT HECKOMbKO HebnaronpusTHbIX hakTopos, 1 B ToM yncne UMT.

BbiBoabl. [oBbIWeHHAs Macca Tena He BNMANa Ha CMEPTHOCTb OT MHEBMOHWM, a OOHWM U3 MPEOUKTOPOB TSHKECTU
MHEBMOHWM W NETANbHOMO WUCX0da SBNANach CTeneHb NMaTomnorMYeckuX M3MEHEHWA B METKWUX, KOTOpas AMarHOCTMpYyeTcs
PEHTTEHOMOTMYECKMMM METOLAMM.

Knroyeenie cnosa: Covid-19 nHeemorusi, UMT, KT neakux, peHmaeH opaaHos epyOHOU Knemku.

Tyninpgeme
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OKIMEHIH 3AKbIMOAAHYbIHbIH PEHTFEHOJIOIrUANDbIK
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Kipicne. 2019 xbingblH asfbiHad H6actan SARS-CoV-2 Bupychl 6ykin @nemgi ayp CinkiHgipreH naHaemusiFa ceben
Bongbl. bykin anem GobiHWa cemiagikke WanablkkaH agamaap apTblk CanMakTaH TybiH4aFaH CO3blnMarsl aypynapabiH,
KayniHiH, xxorapbinaybiHa 6annanbicTbl Covid-19 BUPYChIHBIH, ayblp acKbIHyNapbIHbIH XOFapbl KayniHe ne 6onabl.

MakcaTtbl: ekneHiH 3aKbIMaaHyblHbIH PEHTTEHONOMMAMNbIK caTbiCbiHa BalnaHbICTbl AeHe canmarbl uHaekci (ACU) meH
Covid-19 NnHEBMOHWMSACHIHLIH, HOTUXenepi apacbiHAarbl OannaHbICTbI 3epTTey.

Opictepi. 15.06.2020 xbingaH bactan 15.07.2020 xbinFa peni Covid-19 aypybiHblH, WwapbikTay kesiHge Cemeit
KanacblHblH, Xegen meauunHanbiK KbI3MET aypyxaHacblHbiH, MH(eKUMsAnbIK 6eniMinae cTaumnoHapnblk em KabbligaraH
naumeHTTepain, 303 aypy Tapuxbl pPETPOCMeKTUBTI Typae 3epTTengi. KnuHUKamblK XaHe PEeHTreHOMOrusrbIK
kepceTkilTepaiH bainaHbicTapbiHa CTaTUCTUKANbIK Tangay Xypridingi.

Hatmxenepi. OH MNTP TecTi bap xaHe cTaumoHapnblk em anFaH 290 HayKacTblH, iwiHeH 68 agampa xofapbl [JCU
kepceTkili 6ankanraH, anenaep - 21,6%, epnep - 25,2%. XXanns! TonTarbl opTawa xac 59,5+15,2 kypagbl. COHfbl HYKTECH
- Konamcbl3 ackpiHy enimmeH askranybl (©A). KT-3 xaHe KT-4 xoHe ©A-ga (¢=0,009) ekne 3akbiMpaHy Aopexeci
apacblHaarbl OH Koppensauus aHblktangbl. Covid-19 MHEBMOHUSCHIHBIH, aybIpNbIFbl KEYAe KybIChIHbIH, PEHTFEHOrpacusch
MeH KT-Fa colikeC ©KneHiH 3akbiMOaHy [AopexeciH Oafanayra HerisgenreH. ©A 0OonFaH HaykacTappga ekne
3aKbiMaaHyblHbIH, Naibiabl 50% - gaH ackaH. ©knegeri NaTonorMsAnbIK NPOLECTIH, TapanyblHa OipHelle Konaiichkl3
thakTopnap acep eTeTiHi aHblKTandpl, COHbIH, iwiHae - ACK.

KopbITbIHABI. [leHe canmarbiHbIH XoFapbliaybl MHEBMOHUsLAH BonaTbiH eniMre acep eTnereH, 6ipak NHEBMOHWS MeH
OnNiMHIH, ayblpnblfblH 6omKalTbIH - hakTopnapablH Oipi PeHTreHONorMANbIK SAICTEPMEH AMArHO3 KOWMbIIFAH ©Knepger
naTonorusNbIK ©3repicTepaiH, Aopexeci bonae!.

Tytin ce3dep: Covid-19 nHesmorus, [JCH, ekneriH KT-cbl, keyOe KybIChIHbIH PEHM2EH.
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Introduction

Pneumonia is one of the most common infectious
diseases, which affects the respiratory parts of the lungs
with obligatory interalveolar exudation and infiltration of the
parenchyma in response to the invasion of microorganisms
[11]. It is known that pneumonia is a clinical and radiological
definition.

The end of 2019 was the beginning of a worldwide
pandemic caused by SARS-CoV-2, a new coronavirus
infection that originated in Wuhan, China. This infection
resulted in the infection of a huge number of patients. On
March 13, 2020, patients with Covid-19 were first identified in
Kazakhstan, after which the infection quickly spread
throughout the country. Since the beginning of the pandemic
until today, the Covid-19 virus has been present in the world
in the form of modified strains. After mass vaccination of the
world's population in 2021, the disease has receded, but new
cases of the epidemic are now known.

The prevalence of obesity has increased dramatically
over the past two decades [4]. The diagnosis of obesity is
often based on body mass index (BMI), which is calculated
as weight in kilograms divided by height in meters squared
(kg/m2). The ideal BMI is between 18.5 and 24.9. Overweight
is defined as a BMI of 25 to 29.9, and in the obesity
classification, BMI is 30.0 or more [6]. Older age and
comorbidities have been reported as risk factors for death,
while current global experience seems to indicate
increasingly severe cases among younger age groups [7]. In
the first cases analyzed for risk factors for severe disease, the
prevalence of diabetes was 20% and that of hypertension
was 30%. In this regard, further study of this disease, its
complications, and risk factors is necessary. People with
obesity are at high risk for severe complications of Covid-19
worldwide due to the increased risk of chronic diseases
caused by obesity [8, 16]. According to Kazakhstani
researchers, decompensated diabetes mellitus accompanied
some of the deaths of patients with Covid-19 [1]. A search of
the literature showed inconsistent results with regard to the
causes of mortality in Covid-19. At the same time, we found
clear results on the severity of the course of Covid-19
pneumonia in patients with increased BMI [12].

Aim: to examine the correlation between BMI and
outcomes of Covid-19 pneumonia depending on the
radiological stage of pulmonary injury.

Following the objective of our study, we conducted a
retrospective analysis of archival data on patients who were
hospitalized during the "first wave" of morbidity in the city of
Semey.

Methods. We retrospectively studied case histories of
patients who received inpatient treatment in the infectious
disease department of the Semey Emergency Medical
Service Hospital with a diagnosis of Covid-19 during the
peak of morbidity from June 15, 2020 to July 15, 2020.
Such data as sex, age, anthropometric data, results of lung
X-ray examinations and disease outcomes were taken from
the case histories. The total number of case histories was
303, including 290 patients with a positive PCR test, 13
patients had a negative PCR test, so they were excluded
from the study. BMI was calculated for all patients. An
increased BMI was considered to be =30 kg/m2. According
to the protocol of diagnostics and treatment of Covid-19
infection in Kazakhstan [2], the degree of lung saturation
(SpOz2) was determined as: mild - (SpOz 0) 295%, moderate
- (SpO2 1) = 94-92% and severe - (Sp02 2) <92% and a
maximum of 28 days. The end point, an unfavorable
complication, was a fatal outcome (FO). The degree of
pulmonary parenchyma damage according to CT data, was
defined as: CT-1 (< 25% volume), CT-2 (25-50%), CT-3
(50-75%), and CT-4 (>75%). The study design was
approved by the local ethical committee of the “Semey
Medical University” NCJSC (protocol Ne 2 from 20.10.2020).

The collected data were analyzed using SPSS.20. The
relationship between BMI and the degree of pulmonary
parenchyma damage on radiological data (computed
tomography and plain radiography) was studied.

Inclusion criteria. The study included patients the status
of Covid-19 and the CT of lung were known.

Exclusion criteria. Patients with PCR-negative status on
CoVID-19 and pregnant women were excluded from the
study.

Results.

Of the 290 patients who received inpatient treatment,
there were 68 patients with elevated BMI, of whom 21.6%
were women and 25.2% were men. The average age in
was 59.5+15.2. General clinical characteristics of the
patients according to their gender are presented in Table 1.

Following the aim of our study, we divided patients
according to outcomes: who survived and with fatal
outcome (FO). Thus, 258 patients were discharged with
improvement, and recovery and 32 with FO. Female
patients - 167, of them 20 (12%) were fatal cases, 147
patients were discharged with recovery. Male patients -
123, including 12(10%) fatal cases, and 111 were
discharged with recovery.
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Table 1.
General clinical characteristics of patients by gender.
Variable Total Men Women p
(n=290; 100%) (n=123; 41.8%) (n=167; 58.2%)
Age, years 60+15.3 62+13.2 58+16.4 0.017*
20-98 25-84 20-98
PCR+, n(%) 178(60.5) 73(59.3) 105(61.4) 0.7222
BMI > 30 kg/m? 68(23.1) 31(25.2) 37(21.6) 0474
Pregnancy, n(%) 22(1.5) 0 22(12.9) <0.001¢
SP, mm Hg. 126(10) 130(10) 120(20) 0.073*
80-200 80-170 80-200
DP, mm Hg. 79(0) 80(10) 80(10) 0.057*
40-110 40-110 60-110
HR, beats per 1 minute 86(13) 88(15) 85(12) 0.061*
50-150 50-150 67-150
BR per 1 minute 22(4) 22(4) 21(5) 0.256**
16-35 16-32 16-35
Temperature. C° 37.3(0.8) 37.3(0.8) 37.4(0.8) 0.333*
36-39.5 36-39.2 36-39.5
Sp02 0, n(%) 109(37.1) 39(31.7) 70(40.9) 0.1062
Sp021, n(%) 46(15.6) 21(17.1) 25(14.6) 0.5682
Sp0:2 2, n(%) 139(47.3) 63(51.2) 76(44.4) 0.2512
Radiographic findings
CTO 42(14.3) 16(13) 26(15.2) 0.5952
CT1 62(21.1) 19(15.4) 43(25.1) 0.044
CT2 85(28.9) 38(30.9) 47(27.5) 0.5252
CT3 82(27.9) 42(34.1) 40(23.4) 0.043
CT4 23(7.8) 8(6.5) 15(8.8) 0.621°

* Student's t-test; ** Mann-Whitney parametric criterion, a - y2 Pearson criterion; b — Fisher's criterion; ¢ — continuity correction;
BMI - body mass index; CT - computed tomography; SP and DP - systolic and diastolic arterial pressure; HR - heart rate; PCR -
polymerase chain reaction; BR — breathing rate; SpO: — lung oxygen saturation.

Table 2.
General clinical characteristics of patients according to fatal outcome.
Variable Patients without fatal outcomes Patients with fatal outcomes p
(n=258; 89%) (n=32; 11%)
Age, years 59+15.2 59+15.2 0.238*
20-93 20-93
PCR+, n(%) 111(90.2) 12(9.8) 0.5512
BMI = 30 kg/m? 27.5(6.2) 27.2(6.7) 0.557"
19.5-132.7 19.9-46.1
Pregnancy, n(%) 76(29.5) 9(28.1) 0.999¢
SP, mm Hg. 126415 119+15.5 0.079*
80-200 90-140
DP, mm Hg. 80(0) 80(10) 0.089*
(40-110) (60-90)
HR, beats per 1 minute 88.2+12.4 96.6+19.8 0.123*
50-150 80-150
BR, per 1 minute 21(4) 24(4) 0.015*
16-35 18-30
Temperature, C° 37.3(0.8) 37.1(0.9) 0.489*
36-39.5 36.4-39.0
Sp02 0, n(%) 107(38.4) 2(13.3) 0.093¢
Sp021, n(%) 45(16.1) 1(6.7) 0.287°
Sp0:2 2, n(%) 127(45.5) 12(80) 0.019¢
Radiographic findings
CT0, n(%) 42(15.1) 0 0.093°
CT1, n(%) 61(21.9) 1(6.7) 0.137°
CT2,n(%) 83(29.7) 2(13.3) 0.140p
CT3, n(%) 75(26.9) 7(46.7) 0.009°
CT4, n(%) 18(6.5) 5(33.3) 0.003°

a - y2 Pearson criterion; b — Fisher's criterion; ¢ — continuity correction, ** non-parametric criterion, *parametric criterion. BMI -
body mass index; CT - computed tomography; SP and DP - systolic and diastolic arterial pressure; HR - heart rate; PCR -
polymerase chain reaction; BR — breathing rate; SpO2 — lung oxygen saturation.
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Analysis of outcomes showed a weak statistical
correlation between sex and FO (x2 =0.37, p=0.539), i.e.,
mortality was independent of gender. There was a positive
correlation between the degree of pulmonary parenchyma
damage on CT-3 and CT-4 and FO (¢ = 0.009 and 0.003).

Analysis of correlation between FO and age showed
“zero” significance, which implies that mortality from
pneumonia was possible in all age groups. Elevated BMI in
patients had no effect on mortality, showed no correlation
and statistical significance. In this regard, we determined
the average BMI values in the group of patients without and
with fatal outcome (Table 3).

Table 3.
Average BMI in groups with and without FO.
Outcome | Average BMI, | 95% CI BMI p
kg/m?
without FO 28.8 27.7-29.8 0.52
with FO 27.9 25.9-29.8 0.94

According to the table, the average BMI value in both
groups with different outcomes did not exceed 30 kg/m? and
was statistically insignificant.

In the adjusted analysis, the severity of patients with
Covid-19 pneumonias was based on the assessment of the
degree of pulmonary parenchyma damage according to
Chest X-ray and CT of lung. Since elevated BMI had no
effect on FO, we performed correlation analysis of the
connection between BMI (average values) and radiological
signs of pneumonia (Table 4). We found the greatest
correlation between changes on Chest X-ray, but this was
statistically insignificant. Correlation between CT of lung
and BMI was weak, but had statistical significance.

Table 4.
Correlation between radiological signs of Covid-19
neumonia and BMI.

Patients with radiological signs | BMI kg/m? p
(n=247) (n=247)
Computed tomography of lungs 0,121 0,04
Chest X-ray 0,051 0,386
Discussion.

Pneumonia is the most common infectious disease, but
there is uncertainty about the correlation between obesity
and the risk of pneumonia or pneumonia-related mortality.
For example, Baik et al.[5] suggested that obesity is directly
related to the development of community-acquired
pneumonia (CAP). However, Phung et al. [13] did not find
that obesity was significantly associated with the risk of
pneumonia. Takata et al. [15] indicated that the risk of
mortality did not differ between obese and normal-weight
patients with pneumonia. Other studies have reported that
obese patients with pneumonia had lower mortality
compared to patients with normal weight [11].

According to the 2020-2022 studies, obesity has a
significant impact on clinical outcomes in patients with
Covid-19, high rates of ICU (intensive care unit)
hospitalization and mortality. Many studies suggest that
obesity/overweight is a risk factor for worse prognosis and
high mortality [10,14].

One indicator of the quality of medical care is favorable
outcome or recovery. In the present study, we found no
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effect of BMI on mortality outcomes from Covid-19
pneumonia (Table 3). Of the total sample (289 individuals),
the mortality rate was 11%, including 6 patients with a BMI
230 kg/m?, i.e., mortality rates from Covid-19 pneumonia
were independent of the patient's increased weight
(p=0.94).

It is known that among the elderly, regardless of their
BMI, blood pressure and blood lipid concentrations, there is
a decline in immune function, leading to increased
susceptibility to infection and causing more severe
complications compared to younger people, which reflects
deterioration of both acquired and innate immune function
[8]. Patients with normal and elevated BMI who were
admitted to the Semey infectious diseases hospital were of
all age groups (60+15.3), with no significant differences by
gender, i.e., older age was not the cause of mortality.

Computed tomography and Chest X-ray is one of the
most effective diagnostic methods for rapid Covid-19
pneumonia. Chest X-ray were performed on all patients as
part of triage and for hospitalization. Routine Chest X-ray
alone cannot be used for Covid-19 triage because mild or
early disease may not be reflected radiologically, and
radiographic findings may lag behind the clinical signs [9].
Regardless of the Chest X-ray findings, a CT of lungs was
recommended in all patients. Assessment of the degree of
pulmonary injury on CT was based on the international
recommendations of the Radiological Society, according to
which the percentage of pathological changes in the lungs
is considered as <5%, 25%, 50%, >75%, which
corresponds to CT-1, CT-2, CT-3, and CT-4 [3]. In our study
among patients with FO, the percentage of pulmonary injury
corresponded to CT-3 and CT-4. According to some
studies, CT differ in ICU patients, non-ICU patients, and
recovered patients, which means that CT scan results can
be used as an indicator to assess the severity of Covid-19-
induced pneumonia [8].

The results of our study allowed us to draw the following
conclusions: increased body weight had no effect on
pneumonia mortality, and one of the predictors of
pneumonia severity and fatal outcome was the degree of
pulmonary parenchyma damage which is diagnosed by
radiological methods.

Study limitations.

The limitations of our retrospective study were the
following: single-center, short time period, and small sample
size for analysis.
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