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АННОТАЦИЯ
Обоснование. Из-за повышения частоты использования компьютерной томографии органов грудной клетки в борь-

бе с COVID-19 возникла необходимость применения низкодозной компьютерной томографии для снижения дозовой 
нагрузки на организм пациента при сохранении диагностической ценности исследования. При этом данных о влия-
нии индекса массы тела пациента на точность  низкодозной компьютерно-томографической диагностики у пациентов 
с COVID-19 в опубликованной литературе не обнаружено.

Цель ― оценить влияние индекса массы тела пациента на уровень согласия между врачами-рентгенологами 
при интерпретации стандартной и низкодозной компьютерной томографии органов грудной клетки при COVID-19-
ассоциированной пневмонии по визуальной полуколичественной шкале КТ 0–4.

Материалы и методы. Ретроспективное многоцентровое исследование, в котором каждому из участников в рам-
ках одного визита было последовательно выполнено два исследования органов грудной клетки по стандартному 
и низкодозному протоколу. Интерпретация стандартной и низкодозной компьютерной томографии органов грудной 
клетки с лёгочным и мягкотканным кернелами проводилась по визуальной полуколичественной шкале КТ 0–4. Дан-
ные для каждого протокола были сгруппированы по значению индекса массы тела (пороговое значение для патоло-
гии было принято равным 25 кг/м2). Согласие рассчитывали на основе бинарной и взвешенной классификаций. Оценку 
наличия статистически значимых различий средних для полученных групп проводили методом однофакторного дис-
персионного анализа ANOVA.

Результаты. Из общего количества пациентов (n=231) 230 соответствовали установленным критериям включе-
ния в исследование. Эксперты обработали по 4 исследования стандартной и низкодозной компьютерной томографии 
с лёгочным и мягкотканным кернелами для каждого пациента. Доля пациентов с нормальным весом составила 31% 
(71 человек), медиана индекса массы тела для выборки равна 27,5 (18,3; 48,3) кг/м2. Статистически значимых различий 
при межгрупповом попарном сравнении не выявлено ни для бинарной, ни для взвешенной классификации (p-value 
0,09 и 0,12 соответственно). Группа пациентов с избыточным весом была дополнительно разделена по степеням ожи-
рения, однако результаты исследования оказались инвариантны к такому делению (статистически значимых различий 
нет: для максимально различных по индексу массы тела групп «норма» и «ожирение 3-й степени» p-value 0,17).

Заключение. Индекс массы тела пациента не влияет на интерпретацию стандартной и низкодозной компьютерной 
томографии органов грудной клетки при COVID-19 по визуальной полуколичественной шкале КТ 0–4.

Ключевые слова: индекс массы тела; согласие между экспертами; компьютерная томография; низкодозная 
компьютерная томография; COVID-19.
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AbstrAct
bAckground: The increased frequency of chest computed tomography utilization in the fight against COVID-19 has made 

usage of low-dose computed tomography necessary to reduce the radiation dose while preserving diagnostic quality. However, 
in the published literature, there were no data on the effect of body mass index on low-dose computed tomography accuracy 
in patients with COVID-19.

Aim: To assess the effect of patient body mass index on the level of agreement between radiologists interpreting 
standard-dose computed tomography and low-dose computed tomography in COVID-19-associated pneumonia using visual 
semiquantitative CT 0–4 scale.

mAteriAls And methods: In this retrospective multicenter study, each participant underwent two consecutive chest 
scans at a single visit using standard-dose and low-dose protocols. Standard-dose and low-dose computed tomography with 
pulmonary and soft tissue kernels were interpreted using a visual semiquantitative CT 0–4 grading system. Data for each 
protocol were grouped by body mass index value (threshold value for pathology was equal to 25 kg/m2). Agreement was 
calculated based on binary and weighted classifications. One-way ANOVA analysis of variance was used to assess the presence 
of statistically significant differences in the mean for the groups.

results: Two hundred thirty patients met the established inclusion criteria for the study. The experts processed 4 studies 
for each patient: standard-dose and low-dose computed tomography with pulmonary and soft tissue kernels. The proportion of 
normal-weight patients was 31% (71 subjects), and the sample’s median body mass index was 27.5 (18.3; 48.3) kg/m2. There 
were no statistically significant differences in intergroup pairwise comparisons for both the binary and weighted classifications 
(p values were 0.09 and 0.12, respectively). The group of overweight patients was further subdivided according to the degrees 
of obesity; however, the results were invariant to this division (no statistically significant differences: for the most different 
body mass index groups “normal” and “3rd degree obesity” p-value 0.17).

conclusion: Body mass index does not affect chest standard-dose and low-dose computed tomography interpretation in 
COVID-19 using the visual semiquantitative CT 0–4 grading system.

Keywords: Body mass index; Reproducibility of findings; X-ray computed tomography; SARS-CoV-2 infection.
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简评

论证。由于在对抗COVID-19的过程中使用胸部计算机断层扫描的频率越来越高，因此有

必要应用低剂量计算机断层扫描(LDCT)来减少患者身体的剂量负荷，同时保持研究的诊断价

值.然而，在已发表的文献中未发现有关患者体重指数对COVID-19患者LDCT诊断准确性影响

的数据。

目的是评估患者的BMI对放射科医生在解释COVID-19相关肺炎的标准和低剂量胸部CT扫描

时在0-4视觉半定量CT评分上的一致程度的影响。

材料与方法。一项回顾性多中心研究，其中在一次访问时每位参与者接受了两次连续的胸

部检查，使用标准和低剂量方案。对标准和低剂量胸部CT扫描的肺部和软组织核素的解释是

以视觉半定量的CT 0-4尺度进行的。每个方案的数据根据  体重指数的值进行分组（病理学阈

值等于公斤/平方米）。协议是根据二元和加权分类计算的。通过方差单因素方差分析来评估

各组平均值之间是否存在统计学上的显著差异。

结果。在患者总数（n=231）中，230人符合确立的研究纳入标准。专家为每位患者处理

了4项标准和低剂量计算机断层扫描研究，包括肺和软组织卷积核。体重正常的患者比例为 

31%（71 人），样本的中位体重指数中位为 27.5（18.3；48.3）公斤/平方米。无论是二元

分类还是加权分类，组间配对比较未发现统计学上的显著差异（p值分别为0.09和0.12）。

超重患者组根据肥胖程度进一步划分，但研究结果对这种划分是不变的（没有统计学上的显

着差异：身体质量参数最大不同组别»正常»和»3度肥胖»的p值为0.17）。

结论。患者的体重指数不影响在0-4的视觉半定量CT等级上对 COVID-19胸部标准和低剂量

计算机断层扫描的解释。

关键词：体重指数; 专家之间的协议; CT扫描; 低剂量计算机断层扫描; 新冠肺炎。
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BACKGROUND
Computed tomography of the chest (chest CT) plays a 

unique role in the diagnosis of coronavirus disease 2019 
(COVID-19) [1]. A visual semi-quantitative scale of pulmonary 
parenchyma damage (CT 0–4) is currently used to assess 
the severity and predict the course of COVID-19-associated 
pneumonia [2]. Considering the increased frequency of CT use 
in patients with COVID-19, a low-dose computed tomography 
(LDCT) must reduce the radiation dose while maintaining the 
diagnostic value of this method [3]. An LDCT is proved not 
to be associated with DNA damage. In contrast, a standard-
dose CT was associated with an increase in DNA double-
strand breaks and chromosome aberrations [4].

A high body mass index (BMI) is known to be one of the 
factors of an unfavorable COVID-19 infection course [5]. 
However, a chest LDCT has limited application in patients 
with BMI >35 kg/m2 [6]. A. Manowitz et al. reported previously 
[7] that in patients with high BMI, radiation exposure from 
abdominal CT could be reduced without diagnostic quality 
impairment. N.S. Paul et al. [8] assessed the effect of obesity 
on the coronary CT-angiography effectiveness and noted a 
strong correlation between BMI and image noise in both 
men (r = 0.66) and women (r = 0.85) with increased body 
weight. The authors concluded that when reducing radiation 
exposure, patient’s BMI should be considered. However, at 
the time of preparing this article, no data about the impact of 
BMI on LDCT accuracy in COVID-19 patients could be found 
in the literature. 

This study aimed to evaluate the effect of a patient’s BMI 
on the reliability of standard-dose and low-dose chest CT 
findings in COVID-19-associated pneumonia and the accuracy 
of their interpretation by different radiologists using a visual 
semi-quantitative scale CT 0–4.

Null hypothesis
A BMI does not affect an inter-rater agreement rate when 

assessing the severity of COVID-19-associated pneumonia 
with standard-dose and low-dose chest CT using a CT 0–4 
scale.

MATERIALS AND METHODS
Study design

A retrospective study was conducted using materials that 
were obtained in the previous prospective multicenter study, 
“LDCT in COVID-19 Pneumonia: a Prospective Moscow Study” 
(registered in ClinicalTrials.gov under NCT04379531 on April 
25, 2020) [9]. 

Eligibility criteria
Inclusion criteria. Patients aged ≥18 yr who received 

treatment in two state outpatient clinics in Moscow for 
suspected COVID-19-associated pneumonia and symptoms 
of acute respiratory viral infection.

Exclusion criteria. Patients with incomplete data (height, 
weight, and BMI); pregnant and lactating women; patients 
with foreign bodies in the area to be scanned.

Conditions of the study
Each patient underwent two consecutive chest CT scans 

during a single visit (using standard-dose and low-dose 
protocol). CT findings were analyzed by 10 radiologists 
with 3 to 25 yr of experience, who were trained in the 
interpretation of COVID-19-associated pneumonia. Modified 
FAnTom software was used to provide online access to 
anonymized data for an assessment of the disease severity 
using the CT 0–4 scale [9, 10]. Radiologists were randomly 
assigned with CT and LDCT scans reconstructed using lung 
and soft tissue kernels with each study independently and 
blindly interpreted by two specialists.

Study duration
Data from chest CT and LDCT were collected from May 6 

to May 22, 2020.

Description of medical interventions
A 64-slice CT scanner (Aquilion 64, Canon, Japan) 

was used to perform a chest CT scan without using any 
iterative reconstruction algorithms. Two chest CT protocols 
were employed: a standard-dose protocol provided by the 
manufacturer and a previously developed low-dose protocol 
for COVID-19.

For chest CT, the current is automatically adjusted over 
the entire scan length within the range of 40–500 mA as 
long as the noise level for 5.0 mm slices is 10 (standard 
deviation).

For chest LDCT, the current is automatically adjusted 
over the entire scan length in the range of 10–500 mA as 
long as the noise level for 5.0 mm slices is 36 (standard 
deviation). 

Additional CT parameters (the same for CT and LDCT) are 
voltage (120 kV), rotation time (0.5 s), direction (outward, from 
the legs to the head), XY modulation (enabled), collimation 
(64 × 0.5 mm), and helix pitch (53.0). Scanning was performed 
at peak inspiratory depth. The average scanning time was 6 s 
(depending on individual body features). Examinations were 
performed without any contrast enhancement.

Image reconstruction parameters were the same for 
standard-dose CT and LDCT: matrix 512 × 512; D-FOV 
350 mm; scanning length 300 mm; reconstruction core 
(kernel) FC51 (pulmonary kernel) and FC07 (soft tissue 
kernel); slice thickness 1.0 mm; increment 1.0 mm.

Primary study outcome
This study evaluated the impact of BMI on the quality 

of chest LDCT interpretation in patients with COVID-19-
associated pneumonia. A standard-dose CT protocol was 
used as a comparison method. The results were interpreted 
using a visual semi-quantitative CT 0–4 scale. 
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Ethical review
This paper is based on a study from the Independent 

Ethics Committee of the Moscow Regional Branch of the 
Russian Society of Roentgenologists and Radiologists with 
approval no. 03/2020. All patients signed informed voluntary 
consent.

Statistical analysis
The inter-rater agreement rate for each patient was 

assessed by formulas (1) and (2) for the following protocols:
 • standard-dose CT with lung kernel (reconstruction 

filter) FC51 (Sharp CT);
 • standard-dose CT with soft tissue kernel 

(reconstruction filter) FC07 (Soft CT);
 • low-dose CT with lung kernel (reconstruction filter) 

FC51 (Sharp LDCT);
 • low-dose CT with soft tissue kernel (reconstruction 

filter) FC07 (Soft LDCT).
Data for each protocol were divided into two BMI groups: 

normal BMI (<25 kg/m2) and overweight BMI (≥25 kg/ m2) [11]. 
The inter-rater agreement rate for each subgroup was 
reported as the mean value with standard deviation. 

Data were processed using R, version 4.0.4, dplyr, 
ggplot2, and irr packages [12]. 

The agreement rate was calculated as a percentage based 
on the absolute difference between the scores of two raters: 

|Δ| = |rater1 − rater2| (1).

Disagreements were interpreted in two ways:
1. Binary classification, which was not sensitive to numerical 

difference between scores (Δ). If there was no difference 
between the scores of two raters (|Δ| = 0), the agreement 
rate was 100%. If there was any difference between 
scores (|Δ| ≠ 0), the agreement rate was equal to 0%.

2. A weighted classification considered a numerical 
differences between the scores of two raters (Δ), as well 
as a threshold percentage of lung damage, which was 
used as the reason for hospital admission:

 
(2)

where Δ is the difference between raters’ scores for the 
current study according to formula (1); Δmax is the maximum 
possible score difference (Δmax = 4, four categories of CT 0–4 
scores). In this study, the weighted agreement score was a 
discrete value and ranged from 0% to 100% with increments 
of 25%. Agreement rates of 0%, 25%, 50%, 75%, and 100% 
corresponded to differences in four, three, two, and one 
categories and complete agreement, respectively.

Statistically significant differences in means for the 
groups obtained were assessed by one-way analysis of 
variance (ANOVA) [13]. First, the quality of variances of the 
study groups were statistically analyzed using the Levene 
test [14]. Next, ANOVA was performed for the equality of 
means, considering data on the equality of variances. The 
agreement rate between radiologists was a dependent 

variable. A BMI (binary classification, normal weight, and 
overweight) and CT protocol (Sharp CT, Soft CT, Sharp 
LDCT, and Soft LDCT) were used as independent variables. 
A retrospective analysis using Tukey’s honestly significant 
difference (HSD) test was performed to determine numerical 
p-values for inter-subgroup differences, [15]. A statistical 
significance level of 0.05 was used for all comparisons.

RESULTS
The total number of patients selected was 231, and 230 

of them were included in the study (one patient had no BMI 
data). In the selected cohort, 55.6% were women. The mean 
age of patients was 47 ± 15 yr. For each patient, CT and LDCT 
findings were obtained and reconstructed using pulmonary 
and soft tissue kernels.

The main descriptive statistics for the whole population 
were as follows: range (18.3; 48.3) kg/m2; median 27.5 kg/ m2, 
mean 27.9 ± 5.6 kg/m2; distribution did not correspond to a 
normal one (p-value � 0.01), the asymmetry coefficient was 
0.9 (significant right-sided asymmetry). 

The following are patient categories by BMI: non-
overweight (BMI < 25 kg/m2), 31% (71); overweight (BMI 
≥25 kg/m2), 69% (159).

Using the Sharp LDCT protocol, the highest agreement 
rate for patients with normal BMI was obtained: 83.5% and 
92.8% for binary and weighted classifications, respectively 
(Figure 1; Table 1). The Soft LDCT protocol had the lowest 
agreement rate for patients with normal BMI: 64.9% and 
86.9% for binary and weighted classifications, respectively.

For overweight patients, the highest inter-rater 
agreement rate was recorded for Sharp CT (71.2% and 
88.4% for binary and weighted classifications, respectively). 
The lowest agreement rate for this group of patients was 
observed when using the Soft CT protocol: 64.4% and 86.4% 
for binary and weighted classifications, respectively) (Figure 
1 and Table 1).

The greatest difference in the homogeneity of 
interpretations between normal weight and overweight 
patients was observed using the Sharp LDCT protocol (the 
mean difference 16.1% and 4.5% for binary and weighted 
classifications, respectively). The least heterogeneous 
interpretation was recorded when using Sharp CT and Soft 
LDCT protocols. The mean difference did not exceed 1% for 
any of the classifications (Figure 1 and Table 1). 

ANOVA
A one-way ANOVA was performed to analyze 

differences between interpretations of radiologists based 
on BMI, scanning, and reconstruction protocol. This analysis 
demonstrated no statistically significant differences between 
the mean agreement rates for normal weight and overweight 
groups and for all four protocols using both binary 
classification (p = 0.13 for protocol and p = 0.18 for BMI) and 
weighted classification (p = 0.18 and p = 0.14, respectively). 
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In addition to comparing mean agreement rates, we 
evaluated the variability of raters’ scores depending on 
BMI and imaging method. With the Levene test, differences 
in binary and weighted classifications allow to accept the 
hypothesis about the equal variances in study groups.

Subgroup differences were evaluated using post hoc 
analysis with a Tukey’s HSD test (Figure 2). For all compared 
pairs, 95% confidence intervals included “0” for both binary 
(Figure 2a) and weighted (Figure 2b) classifications. This 
indicates no statistically significant differences in radiologist 
interpretations for different BMI groups and imaging methods. 

For binary classification, the minimum p-value was 
0.22 for comparing Sharp LCDT in normal weight patients and 
Soft CT in overweight patients; the minimum p-value for one 
protocol was 0.65 (Sharp LDCT). For weighted classification, 
the minimum p-value was 0.08, and the minimum p-value for 
each protocol was 0.36 in similar groups.

An additional ROC-analysis (receiver operating 
characteristic) of study groups allowed to determine the 
optimal BMI threshold for predicting the level of compliance, 
equal to 26.24 kg/m2. For this threshold, repeated ANOVA 
confirmed that there were no statistically significant 
differences in variances (p-values were 0.13 and 0.09 
for binary classification and 0.18 and 0.12 for weighted 
classification for protocol and BMI, respectively) and means 
(p-values were similar) of study groups for each protocol. For 
both classification types, the minimum p-value was recorded 

for comparing normal weight and overweight groups using 
the Sharp LDCT protocol, which was 0.65 and 0.15 for binary 
and weighted classifications, respectively. 

An additional analysis was performed using the 
“overweight,” “class 1 obesity,” “class 2 obesity,” and “class 
3 obesity” groups in consideration of the original population 
to “overweight” (BMI of [25; 30] kg/m2). For all protocols, 
the analysis showed no statistically significant differences 
for both types of classifications (the minimal p-value 
was recorded for “normal weight” and “class 1 obesity” 
groups, and it was 0.09 and 0.08 for binary and weighted 
classifications, respectively). For “normal weight” and “class 
3 obesity” groups with the largest BMI difference, p-value 
was 0.17.

Additionally, a series of studies was analyzed with inter-
rater CT 0–4 disagreements in more than one category. There 
were 26 series identified. After reviewing each case, these 
disagreements may be divided into two groups. 

The first group consisted of 15 series (58%), for which 
both raters confirmed the presence of COVID-19-associated 
abnormalities (CT1 and higher score) but have disagreements 
regarding the degree of lung tissue damage. This may be due 
to the preferred scanning plane (axial, frontal, or sagittal) and 
direction (apices to diaphragm or diaphragm to apices), as 
well as to the presence of manifestations of different temporal 
stages of viral pneumonia, for example, simultaneously 
“frosted glass” and “cobblestone pavement.” Since COVID-19 

Table 1. Numerical inter-rater agreement values (%) for binary (light gray) and weighted (dark gray) classifications

Value
Sharp CT Soft CT Sharp LDCT Soft LDCT

Normal Overweight Normal Overweight Normal Overweight Normal Overweight
Mean 72.2 71.2 69.1 64.4 83.5 67.4 64.9 65.9
SD 45.1 45.4 46.5 48.1 37.3 47.0 48.0 47.6
Mean 89.4 88.4 88.4 86.4 92.8 88.3 86.9 86.4
SD 18.7 19.6 19.8 19.9 16.9 18.4 19.5 21.3

Fig. 1. An inter-rater agreement diagram for binary (a) and weighted (b) classifications by body mass index (gray: overweight group, 
black: normal weight group).
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Fig. 2. A post-post-hoc analysis of our hypothesis for the similarity of means: (a) binary classification; (b) normalized classification (Sharp 
CT, Soft CT, Sharp LDCT, and Soft LDCT protocols are coded with A, B, C, and D, respectively; the normal weight group is coded with “1”; 
the overweight group is coded with “2”).
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pneumonia is more severe in basal lung regions, axial sliding 
from the diaphragm to apices can lead to an upward bias for 
the severity of abnormalities assessed by the rater with higher 
CT 0–4 score. Use of sagittal multiply or 3D reconstructions 
allows to “capture” these abnormalities immediately, reducing 
the risk of overestimating the lesion severity. Inter-rater 
disagreements in the first group suggested the significant 
effect of human factor in visual assessment of the disease 
severity as well as the need to study the capabilities of systems 
for automatic lung parenchyma densitometry. 

The second group consisted of 11 series (42%), for which 
one of the raters did not confirm the presence of COVID-19-
associated abnormalities (CT0 score). This was related to 
false positive cases (hypostatic changes in the basal parts 
of lungs with a high a priori probability of infection) as well 
as the fact that the CT 0–4 classification does not provide a 
way to express the probability of COVID-19 origin of these 
abnormalities. In the second group, inter-rater differences 
highlight the value of a joint application of CO-RADS and CT 
0–4 classifications.

DISCUSSION
This study evaluated the agreement rate for assessments 

of chest CT and LDCT by different radiologists using a CT 
0–4 scale, depending on weight and reconstruction kernel 
in patients with COVID-19-associated pneumonia. A 
comparative analysis showed no statistically significant 
differences. Sizes of samples compared needed to be 
balanced by BMI groups, so patients were divided into two 
classes by BMI (“normal weight” and “overweight”), which 
could affect the interpretation of results. An additional 
analysis, however, revealed the invariant qualitative result 
(“no statistically significant differences were found”) for the 
“obesity” category. Given the limitations of this study, we can 
conclude that BMI does not have any significant effect on the 
agreement rate when assessing the lung damage using a CT 
0–4 scale. Therefore, the scanning protocol can be selected 
regardless of the patient’s BMI. 

Our study provides us with the additional justification for 
choosing the lowest possible radiation dose for patients with 
COVID-19, because the increased BMI has no impact on the 
diagnostic quality of images when using the CT 0–4 scale, 
so the kernel can be selected solely at the discretion of a 
radiologist.

In 2016, T. Kubo et al. [16] compared the diagnostic 
capabilities of LDCT (50 mAc) and CT (150 mAc) for the 
routine chest examination. Three radiologists independently 
analyzed 118 2-mm image series (two series for each 
patient in the sample) and assessed abnormalities, such as 
emphysema, frosted glass, reticular changes, micronodules, 
bronchiectasis, honeycomb lung, nodules (>5 mm), aortic 
aneurysm, coronary artery calcification, pericardial and 
pleural effusions, pleural thickening, mediastinal masses, and 
enlarged lymph nodes. According to the authors’ conclusion, 

which is consistent with our data, the LDCT protocol can be 
used in the routine radiological practice. 

CT scans are said to be of lower quality (with lower 
signal-to-noise ratio) when using the low-dose protocol 
compared with standard-dose CT [17]. Therefore, additional 
methods should be used to improve the scanning quality, 
especially in patients with increased body weight. One of 
such methods is using iterative reconstructions [18].

D.A. Filatova et al. [19] compared CT and LDCT of the chest 
in patients with COVID-19, using iterative reconstructions. 
The sample size was 151 patients. No significant losses of 
diagnostic information during the chest LDCT were revealed 
compared with the standard-dose CT, so the chest LDCT can 
be used in routine practice for the diagnosis of COVID-19 [19], 
and this confirmed our results. The aforementioned study, 
however, did not evaluate the effect of BMI on the scanning 
quality, unlike our study.

Moreover, the method using effective radiation doses 
<0.3 mSv and iterative reconstructions has limitations for 
patients with interstitial pneumonia/emphysema and BMI 
>25 kg/m2 [20].

Study limitations
Our study has some limitations. Only one model of CT 

scanner was used. The recommended protocols for other 
models and manufacturers may differ from those used by 
us. To interpret findings, only the subjective assessment of 
radiologists using a CT 0–4 scale was used. Our conclusions 
are based on the analysis of the sample, without grouping 
by the degree of obesity. As shown, however, the qualitative 
outcome was invariant for this parameter. 

CONCLUSION
Therefore, considering the above limitations, we can 

conclude that there are no significant effects of BMI on 
the interpretation of the chest CT and LDCT in patients with 
COVID-19 using a visual semi-quantitative CT 0–4 scale.
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