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COVID-19 and cancer risk arising from ionizing 2
radiation exposure through CT scans: a cross-
sectional study
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Abstract

Background The surge in the utilization of CT scans for COVID-19 diagnosis and monitoring during the pandemic is
undeniable. This increase has brought to the forefront concerns about the potential long-term health consequences,
especially radiation-induced cancer risk. This study aimed to quantify the potential cancer risk associated with CT
scans performed for COVID-19 detection.

Methods In this cross-sectional study data from a total of 561 patients, who were referred to the radiology center at
Imam Hossein Hospital in Shahroud, was collected. CT scan reports were categorized into three groups based on the
radiologist’s interpretation. The BEIR VIl model was employed to estimate the risk of radiation-induced cancer.

Results Among the 561 patients, 299 (53.3%) were males and the average age of the patients was 49.61+18.73
years. Of the CT scans, 408 (72.7%) were reported as normal. The average age of patients with normal, abnormal, and
potentially abnormal CT scans was 47.57 £19.06, 54.80+16.70, and 58.14 £ 16.60 years, respectively (p-value <0.001).
The average effective dose was 1.89+0.21 mSy, with 1.76 +0.11 mSv for males and 2.05+0.29 mSv for females
(p-value <0.001). The average risk of lung cancer was 3.84+ 1.19 and 9.73 +3.27 cases per 100,000 patients for males
and females, respectively. The average LAR for all cancer types was 10.30+6.03 cases per 100,000 patients.
Conclusions This study highlights the critical issue of increased CT scan usage for COVID-19 diagnosis and the
potential long-term consequences, especially the risk of cancer incidence. Healthcare policies should be prepared
to address this potential rise in cancer incidence and the utilization of CT scans should be restricted to cases where
laboratory tests are not readily available or when clinical symptoms are severe.
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Background

Cancer is a leading cause of death worldwide, with
19.3 million new cases, and nearly 10 million deaths
worldwide in 2020 [1]. The incidence of cancer cases
and mortality is expected to increase as populations
grow, age, and adopt lifestyle choices that heighten can-
cer risk [2]. One of the risk factors that may increase an
individual’s likelihood of developing cancer is exposure
to ionizing radiation. Robust epidemiological evidence
substantiates that exposure to low-level ionizing radia-
tion at doses used in medical imaging can contribute to
an increased risk of cancer incidence [3-6].

Presently, computed tomography (CT) is responsible
for a substantial portion of medical radiation exposure,
with over 80 million CT scans conducted annually in the
United States [7, 8]. CT scans deliver a much higher radi-
ation doses compared to conventional diagnostic X-rays,
potentially amplifying the risk of cancer incidence [9]. It
has been estimated that a CT scan with an effective dose
of 10 mSv increases cancer incidence by approximately
1 in 2,000 [10]. While this may seem inconsequential on
an individual level, within a large population, it becomes
a significant concern. Consequently, it appears that CT
scans may potentially contribute to cancer cases rather
than preventing them, particularly as the use of repeated
CT screening and follow-up scans rises [11].

The urgent need for rapid diagnosis during the
COVID-19 pandemic has led to the continued utiliza-
tion of CT examinations in numerous countries for early
disease diagnosis and monitoring [12]. The real-time
reverse transcription-polymerase chain reaction (RT-
PCR), widely known as the gold standard for confirming
COVID-19 diagnosis, exhibits variable and often limited
sensitivity, ranging from 32 to 80% [13, 14]. Hence, CT
scans, known for their high sensitivity (approximately
97%) and widespread availability, have become a widely
adopted method for COVID-19 diagnosis [15, 16]. Nev-
ertheless, this increased dependence on CT scans during
the COVID-19 crisis has raised concerns about poten-
tial long-term health consequences, especially the risk
of cancer incidence, such that several international radi-
ology associations discourage the use of CT scans as a
primary diagnostic tool [17, 18]. Therefore, despite the
benefits of CT scans in early COVID-19 detection and
management, comprehending the long-term implications
of their increased usage is imperative. This understand-
ing aids in striking a balance between potential harm and
benefit. Furthermore, estimating cancer risk is pivotal
for shaping healthcare policies and guiding clinical deci-
sion-making. To the best of our knowledge, the cancer
risk associated with chest CT scans used for COVID-19
diagnosis in Iran remains inadequately understood. This
study aimed to investigate the potential consequences
of increased CT scan usage during the COVID-19
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pandemic on future cancer incidence resulting from ion-
izing radiation exposure.

Methods

Study population and data collection

Data from 561 patients who had undergone chest CT
scans for COVID-19 detection between November 19th
and December 6th 2022, at the emergency radiology
center of Imam Hossein Hospital in Shahroud, Iran, was
collected. Patient data were extracted from their medical
records, the picture archiving and communication sys-
tem (PACS), and the CT scanner. This dataset includes
demographic variables, including age, gender, insurance
details, referral frequency, CT scan reports, acquisition,
and exposure parameters, as well as dosimetry data,
including the volumetric computed tomography dose
index (CTDI,), and dose length product (DLP). The CT
scan reports were categorized into three groups based
on the radiologist’s interpretation: score 0, indicating no
pathological findings, representing a normal CT scan;
score 1, indicating suspicious findings, representing a
potentially abnormal CT scan; and score 2, confirming
pathological findings, representing an abnormal CT scan.
Abnormal findings refer to clear and confirmed patholog-
ical changes or abnormalities observed in the lung images
that are indicative of COVID-19-related abnormalities.
These findings suggest the presence of lung lesions or
characteristics associated with the disease. Potentially
abnormal findings imply suspicious observations that
may indicate abnormalities, but they lack confirmation or
clear evidence of pathology related to COVID-19. These
findings raise concern but require further investigation
or confirmation to establish a definitive link to the virus
or other underlying conditions.

CT equipment and technique

All CT scans were performed using a Siemens
SOMATOM Emotion 6-slice CT scanner (Siemens
Healthcare, Germany). The Chest protocols entailed
130 kVp, effective mAs was 27, pitch 1.4, and 4 mm slice
thickness.

Cancer risk estimation

Lifetime attributable risk (LAR) represents the prob-
ability of prematurely developing cancer due to radiation
exposure in the population. LAR is contingent on gender,
age at exposure, and the specific organ under consider-
ation. In this study, LARs for cancer incidence were esti-
mated using the Biological Effects of Ionizing Radiations
(BEIR) VII models [19]. BEIR VII models employ organ
doses to estimate cancer incidence based on gender and
age at exposure. It is expressed as the incidence of can-
cers per 100,000 individuals exposed to a single dose of
100 mSv. To calculate the radiation cancer risk, LARs
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Table 1 Number of patients which belonged to each age group
according to the BEIR VIl report
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Table 2 Frequency and percentages of normal, abnormal, and
potentially abnormal CT scan reports

age group (y) female male both gender
2.5-75 1 0 1

75-12.5 2 0 2

12.5-17.5 4 10 14

17.5-25 24 20 44

25-35 36 50 86

35-45 43 58 101

45-55 45 47 92

55-65 35 50 85

65-75 41 36 77

>75 31 28 59

Total 262 (46.7%) 299 (53.3%) 561 (100%)

were interpolated for the study population (both males
and females), and the risk of cancer per 100,000 individu-
als was determined using the following formula:

H
= — 1
LAR LARm() X 100 ( )

where LAR;, is the BEIR VII risk estimate, and H is the
equivalent dose to the organ.

The equivalent doses to the organ were calculated using
VirtualDose™ CT software [20]. VirtualDose is a web-
based dose calculator software equipped with 25 phan-
toms, incorporating the latest CT scanners, and adhering
to the most recent recommendations from ICRP-60 and
ICRP-103. It facilitates the online calculation of patients’
doses, allowing users to evaluate organ dose and effective
dose. The equivalent doses to the following organs were
reported: stomach, colon, liver, lung, bladder, thyroid,
prostate, breast, and uterus.

Statistical analysis

The dataset was summarized using descriptive statistics,
presenting continuous data as meantstandard deviation
and categorical data as numerical values (percentages).
IBM SPSS version 21 (IBM Corporation, Armonk, New
York, USA) was utilized for statistical analysis. Indepen-
dent t-tests, Chi-square tests, one-way ANOVA, and
Mann-Whitney U tests were employed to assess con-
tinuous and categorical data. Statistical significance was
established at a p-value less than 0.05.

Results

This study included a total of 561 examined patients,
with 299 (53.3%) males and 262 (46.7%) females. Their
ages ranged from 5 to 93 years, with an average age of
49.61+18.73. Specifically, the mean age for males and
females was 48.80+£17.97 and 50.55+19.56 years, respec-
tively. The demographic data and age groups according to
the BEIR VII report have been summarized in Table 1.

Gender CT report
normal abnormal potentially abnormal
Male 220 (53.9%) 76 (54.7%) 3(21.4%)
Female 188 (46.1%) 63 (45.3%) 11 (78.6%)
Total 408 (72.7%) 139 (24.8%) 14 (2.5%)

Of 561 examined patients 408 (72.7%) patients had
normal CT scan reports, 14 (2.5%) had potentially abnor-
mal reports, and the remaining 139 (24. 8%) had abnor-
mal reports. The most common chest CT findings in
COVID-19 were ground-glass opacities (GGOs), con-
solidation, a crazy-paving pattern, interlobular septal
thickening, air bronchogram, and vascular enlargement
which often involve both lungs with the peripheral dis-
tribution. Among those with normal reports, 220 (53.9%)
were males, and 188 (46.1%) were females. In the group
with abnormal reports, 76 (54.7%) were males, and 63
(45.3%) were females. Therefore, males exhibited a higher
count of both normal and abnormal CT scans compared
to females, and these differences were statistically signifi-
cant (p-value<0.05) as determined by the Chi-square test
(Table 2).

The average ages of patients with normal, abnormal,
and potentially abnormal CT scans were 47.57+19.06,
54.801+16.70, and 58.14+16.60 years, respectively. These
age differences were statistically significant according to
one-way ANOVA (p-value<0.001) (Fig. 1).

The frequency distribution of CTDI,; is presented in
Fig. 2, and corresponding CTDI,;; and DLP adminis-
tered to each age group, for both males and females are
detailed in Table 3. The average CTDI, was 3.33+4.61
mGy, with values of 3.02+1.18 mGy for males and
3.70£6.63 mGy for females. The mean value of DLP was
106.33+45.93 mGy.cm, comprising 107.04143.63 mGy.
cm for males and 105.50+48.51 mGy.cm for females
(Fig. 3.a). There was no significant difference between
males and females concerning the administered dose,
as determined by an independent t-test (p-value<0.97).
Additionally, there was no correlation between DLP and
age (r=0.03, p-value<0.52). Figure 3.b shows the box plot
of DLP for different CT reports. The average DLP for the
normal, abnormal, and potentially abnormal groups was
104.56£46.98, 112.33+43.31, and 97.89+36.49, respec-
tively, and one-way ANOVA indicated that these differ-
ences were not statistically significant (p-value<0.17).

Among males, the lung received the highest equiva-
lent dose (4.00+£0.22 mSv). In females, the highest
equivalent doses were recorded for the lung (4.58+0.60
mSv) and breast (4.06+0.54 mSv). The average effective
dose was 1.8940.21 mSv with 1.76+0.11 mSv for males
and 2.05+0.29 mSv for females. There was a significant
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difference between males and females (p-value<0.001)
(Table 4).

The risk of lung cancer was higher in males (3.84%1.19),
while females exhibited significant risks for both lung
(9.7313.27) and breast (4.95%+5.31) cancers (Fig. 4.a).
The average LAR for all cancer types was 10.30£6.03
per 100,000 patient. It was 5.16+1.67 and 16.16+8.64

per 100,000 patient in males and females, respectively.
Consequently, the risk for both lung cancer (Fig. 4.b) and
all cancer (Fig. 4.c) types is higher for females than for
males.

The average referral frequency of the patients was
1.67£2.87. This finding means that each patient has
undergone a CT scan for COVID-19 diagnosis more
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Table 3 The average +standard deviation for CTDI,,, and DLP at ~ Table 4 Equivalent organ dose for males and females
each age group for males, females, and for total population Organ Equivalent organ dose (mSv)
Age CTDlI,; (mGy) DLP (mGy.cm) male female
group male female male female Stomach 210+022 259+042
2.5-75 - 2.70 - 25.20 Colon 0.31+£0.05 0.39+0.07
7.5-12.5 - 167£029 - 88.29+47.18 liver 235020 249+0.35
125-175  246+091 191+£023 8927+£4298 6224+7.17 lung 4.00+0.22 4.58+0.60
17.5-25 284+0.76 241£0.70 99.16%+28.00 76.61£2837 Bladder 0.05+£0.01 0.07+0.01
25-35 312+1.10  335+1.80 10948+4009 104.74+56.88 Thyroid 0.75£0.08 0.80£0.10
35-45 322+140 350+211 11526+£50.75 106.98+54.86 prostate 0.04+£0.01 -
45-55 305151 374+106 10951+£5730 123.29+38.11 Breast - 4.06+0.54
55-65 303£1.00 335+1.02 10653+£33.98 107.96+34.09 uterus - 0.14+0.03
65-75 307112 360+1.76 108.01+£4216 12062+61.01 ED 1.76+0.11 205+0.29
>75 263+082 281077 93.16+30.11 86.91+31.62
Total 302+£1.18 370£6.63 107.04+4363 10550+4851

3332461 106,33 +.45.93 The cancer risk estimates in the present study were

than one time on average. Notably, 84.35% of the patients
underwent a CT scan for the first time, with 71% of their
reports being normal. Additionally, the average refer-
ral frequency for males and females was 1.60+2.89 and
1.75+2.84, respectively. The Mann-Whitney U test dem-
onstrated that this difference was not statistically signifi-
cant (p-value<0.33).

Discussion

We employed the BEIR VII model to estimate the can-
cer incidence risk associated with ionizing radiation
exposure from CT scans used for diagnosing COVID-19.
The average cancer incidence risk for all types of cancers
considered in this study was approximately 11 cases per
100,000 patients, with 5.16 cases for males and 16.16
cases for females. This finding underscores the significant
impact of radiation exposure from CT scans in diagnos-
ing COVID-19 on the elevated cancer incidence in the
population.
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notably lower than those reported in similar studies. For
instance, in our study, the estimated lung cancer risks for
males and females were approximately 4 and 10 cases
per 100,000 patients, respectively. In contrast, a study
by Ghetti et al. reported lung cancer risks of approxi-
mately 10 and 30 cases per 100,000 patients for males and
females, respectively [21]. These discrepancies were also
evident in dosimetry data. The mean effective dose in our
study was 1.89+0.07 mSv, while Ghetti et al. reported a
mean effective dose of 4.4+1.6 mSv [21]. Additionally,
the mean values of CTDI,; and DLP in our study were
3.3314.61 mGy and 106.33145.93 mGy.cm, whereas
Ghetti et al. reported values of 6.8+2.7 mGy and 239+94
mGy.cm [21]. This remarkable difference can be attrib-
uted to the different imaging protocols. The routine chest
CT protocol had been optimized in our radiology center
to reduce the radiation dose of COVID-19 patients with-
out reducing its efficiency. Several studies confirmed the
effectiveness of low-dose and ultra-low-dose CT scans
in detecting and evaluating COVID-19 [22-25]. There-
fore, in pandemics such as COVID-19 where ionizing
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Fig. 3 The box plot of DLP in mGy.cm, for (a) males, females, and total cases and (b) normal, abnormal, and potentially abnormal CT report
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radiation is employed for screening or follow-up of a
large population, radiation settings can be significantly
lower than in routine scans [26]. Deciding to reduce
patient’s radiation dose is critical and can significantly
affect the cumulative dose of patients and reduce the sto-
chastic effect of radiation, including radiation-induced
cancer [27].

The cancer risk estimates revealed a notable disparity
between males and females, indicating that females face
a substantially higher risk of radiation-induced cancer
compared to males. The increased cancer incidence risk
among females is attributed to their greater sensitivity
to radiation. This risk is dependent on LAR and effective
dose (Eq. 1). The LAR values of the BEIR VII report were
higher for females than males [19]. Furthermore, the
results indicated that females received a higher effective
dose (2.05%£0.29 mSv) than males (1.76+£0.11 mSv), con-
sistent with previous research [21, 28, 29].

The results demonstrated that the cancer risk
decreased in both genders as the age at the time of expo-
sure increased. Extensive evidence from survivors of the
Japanese atomic bombings suggests that children are
more vulnerable than adults to the adverse effects of ion-
izing radiation [30]. Younger individuals have a longer
life expectancy following exposure to ionizing radiation,
providing more time for cancer to develop [28]. There-
fore, our study population, more than 50% of whom were
under 50 years old, further increased cancer risk. Overall,
considering both gender and age factors, younger females
are at a higher risk of radiation-induced cancer, requir-
ing fewer CT scans to result in cancer compared to other
populations [28].

As expected, lung cancer was the main disease that
could be induced by chest CT scans for both males (3.84
cases per 100,000 patients) and females (9.73 cases per
100,000 patients). Additionally, the risk of breast can-
cer was considerable for females (4.95 cases per 100,000
patients). This is because the lungs and breasts receive
the highest equivalent dose in the chest CT scans for
both genders (Table 4). This finding is consistent with
previous studies that reported a higher risk of lung can-
cer for men and lung and breast cancer for women [21,
31]. In light of these findings, policymakers and public
health leaders should emphasize screening programs,
especially for lung and breast cancers, targeting high-risk
groups in the future.

Altogether, it is crucial to recognize that even a slight
increase in cancer risk at the population level can trans-
late into a substantial number of additional cancer cases
over time [4, 27]. For example, it is commonly reported
that a CT scan may be associated with an increase in
the risk of cancer of approximately 1 in 2,000 [10]. Until
November 5th, 2023, 697,369,411 COVID-19 cases
had been recorded and 669,159,941 of them have been
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recovered [32]. Considering a cancer risk of 1 in 2,000,
there is a possibility of developing radiation-induced
cancer in 334,580 cases. Since cancer risk increases
with cumulative radiation dose, reducing the radiation
dose delivered to the population in pandemic diagnos-
tics could substantially decrease this excess cancer risk.
Therefore, efforts should be made to minimize radiation
exposure from CT scans. In this regard, several general
approaches should be taken.

First, reducing the number of CT examinations.
Although assessing this fully is challenging, a consid-
erable percentage of the CT examinations currently
conducted may be unnecessary [28]. For example, in
this study, we found that a large percentage (72.7%)
of CT scans performed for COVID-19 diagnosis were
reported normal, indicating the absence of pathologi-
cal findings related to COVID-19 and it is possible that
many of them were unnecessary. The diagnostic value of
CT scans needs to be balanced against the risk of carci-
nogenesis associated with their use. The threshold for
using CT has lowered, and it is now employed not only
in severely ill patients but also in individuals with mild,
self-limited illnesses who are otherwise healthy [28]. One
way to address this issue is to identify clinical factors
that can predict the severity of the disease. For instance,
our results showed that patients with normal CT scans
were generally younger than those with abnormal or
potentially abnormal CT scans, suggesting that older
individuals may be more likely to have COVID-19, in
line with previous studies [33, 34]. Several studies have
shown the effectiveness of identifying clinical factors to
reduce unnecessary CT scans [35, 36]. Consequently, it
appears that during pandemics like COVID-19, radiolog-
ical examinations should not be the first-line diagnostic
tool as recommended by the American College of Radi-
ology [37]. CT scans for COVID-19 diagnosis should be
restricted to cases where laboratory tests are not readily
available or when clinical symptoms are severe. More-
over, decreasing the number of CT scans performed for
follow-up, especially for patients with improving symp-
toms could minimize unnecessary CT scans [38, 39].

Second, CT examination protocols and techniques
should be optimized and standardized to minimize radia-
tion exposure for individual scans, especially in the case
of follow-up examinations, where patients are exposed
multiple times within a short period. Due to the cumula-
tive effects of radiation dose, radiation conditions should
be kept as minimal as possible. Several studies have dem-
onstrated dose reduction through optimized techniques
for COVID-19 diagnosis by reducing mAs and increasing
pitch and slice thickness [22-25]. Additionally, our study
demonstrated that the radiation dose can be substantially
decreased through the optimization of the imaging pro-
tocol. Consequently, international committees should
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provide new optimized imaging protocols for situations
like the COVID-19 pandemic when radiation examina-
tion is widely used for screening and follow-up.

The third approach is raising awareness about the risks
of ionizing radiation. Neither physicians, nor patients
are generally aware of the radiation associated with CT,
its risk of carcinogenesis, nor the importance of limit-
ing exposure among younger patients [40-43]. Both
physicians and patients need to be made aware of this
risk. A study by Gimbel et al. demonstrated a significant
decrease in CT scan orders after providing physicians
with information about the health risks of ionizing radia-
tion [44].

Our study has some limitations. One limitation is the
use of a single CT scanner in a single hospital with a lim-
ited number of patients. Moreover, the BEIR VII model
we employed in this study estimates cancer risk based
on the linear no-threshold model, which some studies
suggest overestimates radiation cancer risk at the low-
dose radiation levels typically used in X-ray imaging [45,
46]. Despite these limitations, our study highlights the
critical issue of increased CT scan usage for COVID-19
diagnosis and the potential long-term consequences, par-
ticularly in terms of future cancer incidence. As a result,
healthcare policies should be prepared to address the
potential rise in cancer incidence due to the increased
use of CT scans for COVID-19 diagnosis. This research
not only underscores the risks associated with CT scans
during the COVID-19 pandemic but also underscores the
importance of continued vigilance in healthcare practice.
The choice of diagnostic methods must be carefully con-
sidered in light of the immediate clinical need to diag-
nose and manage patients, especially during pandemics.
Understanding the interplay between the risks and ben-
efits of medical interventions like CT scans is essential
for informed healthcare policies and clinical guidelines. It
is vital to maintain a balanced perspective when weighing
the immediate benefits of CT scans against the poten-
tial future health risks they may pose, especially when
applied to populations with varying vulnerabilities and in
different clinical scenarios.

Conclusions

This study highlights the potential for increased cancer
incidence in the years to come due to the escalated use
of CT scans during the COVID-19 pandemic. Therefore,
healthcare policies should be prepared to address this
potential rise in cancer incidence. This underscores the
importance of adopting a nuanced approach to diagnos-
tic and screening procedures. The use of CT scans should
be limited to cases where laboratory tests are not read-
ily available or when clinical symptoms are severe. It is
vital to maintain a balanced perspective when weighing
the immediate benefits of CT scans against the potential
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future health risks they may pose, especially when
applied to populations with different vulnerabilities and
across various clinical scenarios.
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