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Abstract
Background. It is estimated that 1 in 3 women and 1 in 5 men over the age of 50 worldwide will experience 
an osteoporosis fracture during their lives. Neridronate is a third-generation bisphosphonate with established 
efficacy in metabolic bone disease. It can be used in the treatment of osteoporosis.

Objectives. We aimed to conduct a meta-analysis of the effect of neridronate on the treatment of osteo-
porosis.

Materials and methods. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) recommendations were used to guide the present study. We searched PubMed and the Cochrane 
Central Register of Controlled Trials (CENTRAL) for reports published until August 31, 2021,  related to neridro-
nate and osteoporosis. The modification of the bone mineral density (BMD, g/cm2) of the patient is the core 
indicator for neridronate treatment.

Results. Significant increases in the BMD of the lumbar spine (mean difference (MD) = 5.99, 95% confidence 
interval (95% CI): 3.96–8.02), femoral neck (MD = 4.51, 95% CI: 2.01–7.01) and total hip (MD = 2.55, 
95% CI: 2.10–3.00) were found. Greater improvement in the BMD of the lumbar spine and femoral neck 
could also be detected in patients with postmenopausal osteoporosis than with other causes of osteoporosis. 
Moreover, significant decreases in serum C-telopeptide of collagen type I (sCTX, standardized mean differ-
ence (SMD) = −0.84, 95% CI: –1.32––0.37) and bone alkaline phosphatase (ALP, MD = −5.29, 95% CI: 
−7.31–−3.26) levels were observed.

Conclusions. The pool analysis of the selected clinical trials indicates the great benefit of neridronate in im-
proving the condition of patients with osteoporosis of all causes, particularly patients with postmenopausal 
osteoporosis, which causes an increase in BMD as well as in sCTX and bone ALP levels.

Key words: osteoporosis, bone mineral density, neridronate, bisphosphonates, meta-analysis
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Introduction

Osteoporosis is a condition distinguished by gradually 
decreasing bone mass and deteriorating bone structure.1 
It  is  a  serious health problem, which is  characterized 
by an increased susceptibility to fragility fractures, lead-
ing to poor quality of  life and increased morbidity and 
mortality. It is estimated that 1 in 3 women and 1 in 5 men 
over the age of 50 worldwide will experience an osteopo-
rotic fracture during their lives.2 Osteoporosis puts heavy 
economic burden on patients and society.3 Although 1/3 
of patients with osteoporosis are postmenopausal women, 
many risk factors can lead to the disease.4 Despite the cause 
of osteoporosis, various medications are available to pre-
vent fractures.

Besides the supplementation of calcium and vitamin 
D, oral bisphosphonates are the most widely used agents 
in the treatment of osteoporosis.5,6 A meta-analysis has 
shown that bisphosphonates are effective in  treating 
thalassemia-induced osteoporosis.7 However, the broad 
use of oral bisphosphonates, their low bioavailability,8 and 
the fact that they occasionally cause severe gastrointes-
tinal side effects9 lead to low adherence and compliance 
by patients. These limitations resulted in the development 
of intermittent intravenous infusions of bisphosphonates, 
including neridronate. Neridronate is an amino-bisphos-
phonate with a structure similar to alendronate and pami-
dronate. It  inhibits bone resorption without changing 
the mineralization process.10 Neridronate has been evalu-
ated in several clinical trials for the treatment of osteogen-
esis imperfecta11–17 and Paget’s disease18–21 to prevent bone 
loss and increase bone mineral density (BMD). It can also 
be used in the treatment of osteoporosis.

Objectives

In this paper, we screened and selected 6 randomized 
control trials (RCTs) evaluating the  effect of  neridro-
nate in the treatment of osteoporosis in postmenopausal 
women,22,23 β-thalassemia patients,24 osteoporotic patients 
with prostate cancer,25,26 and patients after transplanta-
tion27 to conduct a meta-analysis on the effect of neridro-
nate in the treatment of osteoporosis.

Materials and methods

Search strategy

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) recommendations were 
used to guide the present study. PubMed and the Cochrane 
Central Register of Controlled Trials (CENTRAL) were 
searched for clinical trials with “neridronate” and “osteo-
porosis” as keywords. Studies published until August 31, 

2021, were considered. The search was limited to studies 
on humans, with no language restrictions, and included 
articles published ahead of print. The search strategy for 
PubMed was: (“neridronate” [all fields] AND “osteoporo-
sis” [all fields]) AND (randomized clinical trial [filter]). 
The  search strategy for CENTRAL was: (neridronate 
in title abstract keyword AND osteoporosis in title ab-
stract keyword – in trials (word variations were searched)). 
The reference lists of the identified publications were re-
viewed manually for additional relevant studies.

Inclusion and exclusion criteria

The  inclusion criteria were RCTs using neridronate 
to treat osteoporosis of any cause. The exclusion criteria 
were non-RCTs and trials using neridronate for the treat-
ment of diseases other than osteoporosis.

Assessment of risk of bias

Quality assessment and risk of bias evaluations of the se-
lected studies were rated using the Cochrane Collabo-
ration’s tool for assessing risk of bias (The  Cochrane 
Collaboration, London, UK), which includes 6 items for 
the ranking.28

Measures of treatment effect

The changes in BMD (expressed as g/cm2) from baseline 
were selected as the core indicator, with 95% confidence 
intervals (95% CIs), and were calculated using the Review 
Manager (RevMan) v. 5.3 (The Nordic Cochrane Centre, 
The  Cochrane Collaboration, Copenhagen, Denmark; 
https://revman.cochrane.org/info). Secondary endpoints, 
such as changes in serum C-telopeptide of collagen type I 
(sCTX) and bone alkaline phosphatase (ALP) levels were 
also collected for analysis, when available.

GRADE

Grading of Recommendations, Assessment, Develop-
ment, and Evaluations for the studies were performed us-
ing the GRADEpro website service (https://www.gradepro.
org/).29

Statistical analyses

The changes in BMD, calcium homeostasis and bone 
turnover markers were presented as mean ± standard de-
viation (M ±SD) from baseline. If the BMD changes were 
presented as mean (95% CI upper level and lower level), 
the  transformation of  the  data was calculated to  find 
the SD of the data with the RevMan Calculator (https://
training.cochrane.org/resource/revman-calculator).30 Data 
analysis and the forest plot chart were performed with Rev-
Man v. 5.3 using the inverse variance statistical method 

https://revman.cochrane.org/info
https://www.gradepro.org/
https://www.gradepro.org/
https://training.cochrane.org/resource/revman-calculator
https://training.cochrane.org/resource/revman-calculator
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with the random-effects model. The subgroup analysis was 
employed to explore the potential sources of heterogeneity. 
Begg’s test was utilized to analyze the risk of publication 
bias using Stata v. 12 software (StataCorp LLC, College 
Station, USA).

Results

Literature search

The flow diagram of our literature search is presented 
in Fig. 1. PubMed and CENTRAL databases were indepen-
dently searched for clinical trials evaluating neridronate for 
the treatment of osteoporosis. Of the 42 retrieved reports, 
there were 28 records that required title/abstract screening. 
Six clinical trial studies were eligible for further analysis.

Study characteristics

The characteristics of the 6 selected studies are sum-
marized in Table 1. All the studies were performed in It-
aly. The sample sizes of the studies were relatively small 
(39–118 patients). The study subjects were young adults 
with β-thalassemia,24 middle-aged patients needing organ 
transplantation,27 osteoporotic patients with prostate can-
cer,25,26 and elderly postmenopausal women.22,23 One study 
used a neridronate dosage of 50 mg bimonthly,22 3 stud-
ies23,26,27 used a dosage of 25 mg monthly, and 1 study used 
a dosage of 100 mg every 90 days.24 Two studies22,24 lasted 
24 months, while the other studies23,25–27 lasted 12 months. 
All of the studies were randomized and controlled (dos-
ing with calcium and vitamin D). Giannini et al.27 and 
Morabito et al.25 used a double-blind method.

Assessment of risk of bias

The results of the risk of bias assessments are presented 
in Fig. 2. Four of the 6 selected studies were open-label studies, 
which resulted in uncertainty about the blinding methods.

The effect of neridronate on BMD

Our pooled analysis showed that the administration 
of neridronate significantly increased the BMD compared 

Fig. 1. Flow diagram of the search strategy and study selection process

Randomized 

clinical trials 

records from 

PubMed (n =  11)

Records removed 

due to not relevant  

diseases (n = 11) 

Records removed 

due to not 

relevant 

medicines (n = 2)

Clinical trials 

reports from 

Cochrane Library 

(n = 31)

After removal of 

duplications (n = 28)

After title and abstract 

screening (n = 15)

Full text articles 

analysis (n = 12)

Could not 

download full text 

(n = 3)

Included for 

meta-analysis 

(n = 6)

Records with data 

extraction 

obstacles (n = 6)

Table 1. Summary of analyzed studies with respect to study designs, medication and anthropometric assessment. All studies were conducted in Italy

Study Disease Study design Dose Duration
[months]

Samples
(n, neridronate)

Samples
(n, control)

Co-
intervention

Chelation 
therapy

Age 
[years]

Braga et al.22 
2003

postmenopausal 
osteoporosis

randomized, 
open-label, 
controlled

50 mg 
i.v. for 

2 months
24 39 39

calcium,
vitamin D

not 
mentioned

64.6 ±7.7

Cascella 
et al.23

2005

postmenopausal 
osteoporosis

randomized, 
open-label, 
controlled

25 mg 
i.m. for 

1 month
12 20 20

calcium,
vitamin D

not 
mentioned

72.7 ±5.2

Forni et al.24 
2012

β-thalassemia 
patients with 
osteoporosis

randomized, 
open-label, 
controlled

100 mg 
i.v. for 

90 days
24 54 64

calcium,
vitamin D

deferirpone 33.1 ±8.8

Morabito 
et al.25

2004

osteoporotic 
patients with 

prostate cancer

randomized,
double-blind, 

controlled

25 mg 
i.m. for 

1 month
12 24 24

calcium,
vitamin D

not 
mentioned

74.85 ±4.1

Magno 
et al.26

2005

osteoporotic 
patients with 

prostate cancer

randomized, 
controlled

25 mg 
i.m. for 

1 month
12 30 30

calcium,
vitamin D6

not 
mentioned

73.4 
(range: 
68–80)

Giannini 
et al.27

2021

transplantation-
related 

osteoporosis

randomized,
double-blind, 

controlled

25 mg 
i.m. for 

1 month
12 22 17

calcium,
vitamin D

not 
mentioned

49.3 ±9.1

i.v. – intravenously; i.m. – intramuscularly.



Q. Chen et al. Neridronate in the management of osteoporosis8

to using only calcium and vitamin D, which did not bring 
about significant improvements in BMD. Six studies22–27 
described an increase in the BMD of the lumbar spine 
(mean difference (MD) = 5.99, 95% CI: 3.96–8.02; Fig. 3A) 
and 522–25,27 reported BMD changes in the femoral neck 
(MD = 4.51, 95% CI: 2.01–7.01; Fig. 3B). Four studies24–27 
described changes in the BMD of the total hip (MD = 2.55, 
95% CI: 2.10–3.00; Fig. 3C). The results of our pooled anal-
ysis suggested that neridronate administration can sig-
nificantly increase the BMD of the lumbar spine, femoral 
neck and total hip in patients with osteoporosis, regard-
less of cause of the disease. The subgroup analysis indi-
cated that greater improvement could be detected in pa-
tients with postmenopausal osteoporosis than in those 
with other causes of osteoporosis when evaluating BMD 
changes in the lumbar spine and femoral neck (Fig. 3A,B).

The effect of neridronate on sCTX 
and bone ALP levels

Five of the 6 selected studies recorded a drastic decrease 
in sCTX and bone ALP level after neridronate administra-
tion. Significant decreases in sCTX (standardized mean 
difference (SMD) = −0.84, 95% CI: −1.32−−0.37; Fig. 4A) 
and ALP (MD = −5.29, 95% CI −7.31−−3.26, Fig. 4B) levels 

after neridronate administration were detected at the end 
of the studies in our pooled analysis. The results suggested 
that neridronate can significantly reduce sCTX and bone 
ALP levels.

GRADE

The certainty of evidence for all indicators was graded 
as high according to GRADE.

Heterogeneity

The analysis of the effect of neridronate on BMD showed 
significant heterogeneity. A subgroup analysis was based 
on whether the subgroup approach using postmenopausal 
osteoporosis significantly reduced this heterogeneity.

Publication bias

Results of Begg’s test for each pooled analysis on the ef-
fect of neridronate on BMD indicated no evidence of pub-
lication bias (for lumbar spine: z = 0.64, p = 0.520; for 
femoral neck: z = 0.46, p = 0.643; for total hip: z = 0.34, 
p = 0.734; Fig. 5).

Discussion

Over 200 million people are suffering from osteoporo-
sis worldwide, with aging increasing the incidence rate.31 
It is estimated that 9 million cases of fractures occur due 
to osteoporosis each year.2 Bisphosphonates, including 
alendronate and risedronate, are used as  the  first line 
of treatment for osteoporosis.32 Neridronate is emerging 
as a potential treatment for several orthopedic diseases, 
including osteoporosis. This meta-analysis evaluated 
the efficacy of neridronate on patients with osteoporosis. 
Six RCTs were included in the analysis. The core indica-
tor of the pharmacological effect were the patient’s BMD 
changes in the lumbar spine, femoral neck and total hip. 
Secondary indicators were changes in sCTX and bone ALP 
levels. The GRADE analysis of the studies indicated a high 
degree of certainty for the evidence.

The main findings of our study are as follows. The ad-
ministration of neridronate could significantly increase 
the BMD [g/cm2] of the lumbar spine (MD = 5.99, 95% CI: 
3.96–8.02), femoral neck (MD = 4.51, 95% CI: 2.01–7.01) 
and total hip (MD = 2.55, 95% CI: 2.10–3.00) in patients 
with osteoporosis of all causes. The subgroup analysis indi-
cated that a greater improvement could be detected in pa-
tients with postmenopausal osteoporosis than in those 
with the  other causes of  osteoporosis regarding BMD 
changes of the lumbar spine (postmenopausal osteoporosis 
(MD = 8.68, 95% CI: 7.33–10.02) as opposed to other causes 
(MD = 4.18, 95% CI: 3.27–5.09)) and femoral neck (post-
menopausal osteoporosis (MD = 6.77, 95% CI: 5.56–7.99) 

Fig. 2. Risk of bias of the selected studies
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compared to other causes (MD = 2.32, 95% CI: 0.89–3.76)). 
This suggests that neridronate brought about better BMD 
improvements in patients with postmenopausal osteo-
porosis than in those with osteoporosis resulting from 
other causes. Different effects of neridronate on the dif-
ferent types of osteoporosis generated high heterogeneity 
between the 2 subgroups (Fig. 3). However, the subgroup 

analysis indicated low heterogeneity within the groups. 
The infusion of neridronate could also significantly reduce 
sCTX and bone ALP levels.

To our knowledge, this is the first meta-analysis to syn-
thesize the effect of neridronate on BMD and other ma-
jor indicators in  patients with osteoporosis. Neridro-
nate is  a  bisphosphonate that differs from other oral 

Fig. 3. A. Effect of neridronate on the bone mineral density (BMD) of the lumbar spine expressed as g/cm2; B. Effect of neridronate on the BMD 
of the femoral neck expressed as g/cm2; C. Effect of neridronate on the BMD of the total hip expressed as g/cm2

SD – standard deviation; 95% CI –  95% confidence interval; df – degrees of freedom.
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spine and femoral neck BMD improvements in patients with 
postmenopausal osteoporosis. This finding is in line with 
a 6-year prospective study conducted by Guiducci et al.34 
Another study indicated that neridronate shares the same 
virtue as the other bisphosphonates of improving postmeno-
pausal osteoporosis.35 Besides the improvement of post-
menopausal osteoporosis, neridronate could also modify 
the BMD of patients with osteoporosis resulting from other 
conditions. In our analysis, the BMD of the lumbar spine, 

bisphosphonates because it is administered by infusion. 
It has been approved in Italy for the treatment of osteo-
genesis imperfecta and Paget’s disease.

Adami et al. demonstrated that neridronate could signifi-
cantly increase the BMD of the spine and total hip in a dose-
dependent manner during a 12-month course of treatment.33 
Their study also reported a dose-dependent effect on sCTX 
and ALP levels, which is in accordance with our findings. 
In our analysis, neridronate brought about significant lumbar 

Fig. 4. A. Effect of neridronate on serum C-telopeptide of collagen type I (CTX); B. Effect of neridronate on bone alkaline phosphatase (ALP) concentration

SD – standard deviation; 95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 5. Publication bias was assessed using Begg’s test for each pooled 
analysis of the effect of neridronate on the bone mineral density (BMD) 
of the lumbar spine (A), femoral neck (B) and total hip (C)

WMD – weighted mean difference.



Adv Clin Exp Med. 2024;33(1):5–12 11

femoral neck and total hip was significantly improved in pa-
tients with prostate cancer, β-thalassemia and after trans-
plantation. It is noteworthy that the effect of neridronate 
in patients with prostate cancer was to prevent bone loss 
instead of increasing BMD compared to placebo.25 When 
applied to patients with β-thalassemia, neridronate led 
to a significant increase in BMD.24 Similar findings were 
reported in a previous meta-analysis by Tsartsalis et al.7 
However, it was also reported that zoledronate had a better 
effect than neridronate with regard to improving the BMD 
of the lumbar spine in patients with β-thalassemia.7,36 Or-
gan transplantation can result in bone loss. Ho et al. ana-
lyzed 9 studies and found that using bisphosphonate af-
ter a liver transplant improves BMD and reduces fracture 
rates,37 which is in line with the clinical trial results reported 
by Giannini et al.27 They stated that neridronate improved 
BMD in patients after heart, lung and liver transplantation. 
The pooled analysis of this study indicated that neridronate 
infusion could significantly increase the BMD of the lumbar 
spine, femoral neck and total hip compared to a placebo 
in patients with postmenopausal osteoporosis, prostate can-
cer, β-thalassemia, and after transplantation. Neridronate 
infusions also provide benefits by significantly reducing 
bone turnover biomarkers such as sCTX and ALP levels. 
This is the basis for the BMD improvement of the medica-
tion and can be detected across the clinical trials where 
bisphosphonates were used.34 Reduction in these biomark-
ers signifies a beneficial impact of neridronate on inhibit-
ing osteoclast-mediated bone resorption, a key underlying 
mechanism in osteoporosis.

Limitations

Although all the selected studies were RCTs, the samples 
were relatively small. Unfortunately, one RCT33 was not in-
cluded due to obstacles in data extraction. More studies are 
needed to verify the effect of neridronate on osteoporosis 
with causes other than being a postmenopausal woman. 
Since neridronate use is permitted only in Italy, the effect 
of the medication on patients of other nationalities could 
not be assessed. Finally, based on the current findings, 
more studies should be done to compare the effect of ner-
idronate and other oral bisphosphonates in the treatment 
of osteoporosis.

Conclusions

In  summary, significant evidence has indicated that 
the long-term administration of neridronate could sig-
nificantly increase the BMD of the lumbar spine, femo-
ral neck and total hip in patients with postmenopausal 
osteoporosis and osteoporosis caused by prostate can-
cer, β-thalassemia and transplantation. It also decreases 
sCTX and ALP levels. These results are in accordance 
with previous findings that bisphosphonate medications, 

including neridronate, can provide significant improve-
ments in the treatment of osteoporosis. Hence, neridronate 
treatment offers a promising therapeutic intervention for 
the management of osteoporosis, particularly among pa-
tients with postmenopausal osteoporosis, thus providing 
hope for improved bone health.

Availability of data and materials

The analyzed datasets generated during the study are 
available from the corresponding author upon reasonable 
request.
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Abstract
Background. Research on the diagnosis, treatment and pathophysiology of neurodevelopmental disorders 
is multifaceted, requiring the use of genetics, imaging, psychology, and artificial intelligence (AI). Autism 
spectrum disorder (ASD) is a neurodevelopmental disorder characterized by a limited ability to communicate 
and a limited interest in social environments. Facial recognition is really important in daily life. Seeing faces 
in unusual objects, e.g., a face in a cloud, is called face pareidolia.

Objectives. Although more evidence points to a greater role of genetic factors in ASD, neuropsychological 
tests have an important role in diagnosing ASD. The aim of the study was to investigate how face perception 
is processed in children with autism using a new digital test that consists of faces and pareidolia images.

Materials and methods. Twenty typically developing (TD) children (8 male, 12 female) between 6 and 
16 years of age and 21 children with ASD (14 male, 7 female) between 6 and 14 years of age were included 
in the study. A new neuropsychological test called the digital pareidolia test was administered to the par-
ticipants. The study consisted of 2 stages: a face condition and a pareidolia condition.

Results. Our results showed that children with autism (n = 21) were less successful in identifying both face 
and pareidolia images, and were slower to react in both conditions than children from the TD group. Both 
children with ASD and the TD group reacted faster to face images than pareidolia images.

Conclusions. The findings in this study are in agreement with atypical and different face perceptions 
in autism which cause social difficulties. We demonstrated that the digital face and pareidolia test has 
considerable potential for use as a neuropsychological test that can specify the diagnosis and progression 
of autism in subclinical areas. Pareidolia faces and real faces are processed in a common way.

Key words: autism spectrum disorders, face, face perception, pareidolia, face-like images
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Background

Recent approach to neurological diseases is not unidirec-
tional but requires multidirectional research in areas such 
as genetics, imaging, diagnostic testing, treatment, and 
disease course. For example, to cure neurological diseases, 
norepinephrine transporter inhibitors are used to change 
neurotransmitter gradients in the brain.1 Additionally, 
in 1 study, researchers used a faster protocol for converting 
circulating monocytes to neuron-like cells which express 
neuronal marker genes.2

Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder defined as the reduced ability to com-
municate in  social environments, repetitive behaviors 
and limited interests.3 Many factors that affect ASD, such 
as the disruption of mitochondrial DNA functions, have 
been identified as a cause of metabolic diseases and have 
been investigated in relation to the pathogenesis of neu-
rodegenerative diseases. Mitochondrial functions become 
less flexible under constant stress where mitochondrial 
functions are compromised. Neurological and psychiatric 
disorders have also been associated with the activation 
of the tryptophan–kynurenine (Trp–Kyn) pathway, which 
contributes to the formation of stress and inflammatory 
pathological conditions.4 The Trp–Kyn pathway, its cor-
relation with the immune system, tolerogenic shift against 
low-grade inflammation, and the relation of this pathway 
with the autism spectrum, one of the major psychiatric 
diseases, have also been examined.5

The  effects of  statin therapy in  patients with ASD, 
anxiety and many other neurological disorders, as well 
as the side effects of medicines are often examined for 
the  risks they are related to  in  patients with autism.6 
A study by Lee et al. indicated that maternal immune ac-
tivation increases the ASD risk in rat infants.7 They ana-
lyzed microbiota profile, behavior, anxiety-like recurrent 
behavior, and myelination levels in rat infants. These rat 
infants had a brain–gut–microbiota axis with hypomyelin-
ation, autism-like microbiota profile, behavioral deficits, 

and exhibited anxiety-like and recurring behavior.7 In an-
other study, Abuaish et al. found that gastrointestinal 
problems and gut bacteria dysbiosis, such as Clostridium 
explosion, are related to autism.8 The researchers exam-
ined 2 methods to control the microbiota in an autistic rat 
and how they affected the rat’s behaviors: 1) different fecal 
Clostridium spp. and grades and 2) hippocampal tran-
script levels. Their results suggest that preclinical inter-
vention and the brain–gut axis are related to the etiology 
of autism.8 Not only gut bacteria are related to behaviors; 
the Pavlovian-instrumental transfer can be used to guide 
behaviors.  Researchers conducted Pavlovian-instrumental 
transfers in 100 participants and found a link between 
outcome-specific Pavlovian-instrumental transfer and 
individual working memory. The most important finding 
is that working memory is not associated with the balance 
between congruent and incongruent choices. The obtained 
results can be interpreted for human behavior.9

Faces are really important in communication. Seeing 
faces where there are none, e.g., likening a house to a face, 
is called face pareidolia. When we compared the previous 
evidence with the new results, it became clear that neuro-
logical disorder patients adapt to social signals less than 
healthy people.10 Therefore, interpersonal space is very 
important for these patients. Such space is  described 
as the distance people keep between themselves and other 
people. Candini et al. suggested a connection between 
neurobehavioral components of interpersonal space and 
fundamental physiological processes.11 In a study by El-
lena et al., healthy volunteers’ skin conductance responses 
were measured when observing 3D avatar images of joyful, 
fearful and neutral faces getting closer.12 It was found that 
responses to fearful faces were modulated by distance, yet 
it did not apply to joyful and neutral faces.

Although atypical face perception is not among the di-
agnostic criteria for ASD, a study has shown that it is com-
mon in this population.13 Since the recognition of a per-
son’s face is a critical aspect of everyday social interactions, 
it has been studied in ASD.14 For example, children with 

Fig. 1. Examples 
of presented face 
and pareidolia 
images
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ASD have difficulties in recognizing facial identity, utiliz-
ing facial cues and perceiving face motion.15–17

A study revealed that children with autism not only have 
difficulties with face perception but also with the percep-
tion of illusory faces and face-like images.18 It was observed 
that children and teenagers with ASD responded to face 
and pareidolia images less than the typically developing 
(TD) group and had a higher threshold in recognizing 
faces.19 Despite these results, studies examining the rela-
tionship between autism and pareidolia are limited.

As mentioned earlier, face pareidolia refers to confusing 
inanimate objects with faces.20 Apart from visual pare-
idolia, there is also noise pareidolia, in which people hear 
human voices in different, nonhuman noises.21 Williams 
and Blagrove examined human voice perception from elec-
tronic voices and showed relationships between Highly 
Sensitive Person Scale points and detection of ambiguous 
stimuli which were electronic voices.22

Objectives

A new review pointed out that not only establishing 
the diagnostic criteria in psychiatric disorders but also 
the  research on neurodevelopmental disorders benefit 
from preclinical studies.23 Neurological disorders such 
as schizophrenia and autism are connected to the lack 
of neuronal construction.2 Although ASD can be detected 
using point mutations, chromosome anomalies and micro-
aberrations,24 new neuroimaging and neuropsychological 
tests should be developed for diagnosis.

We aimed to examine whether children with ASD and 
TD children differ from each other in terms of responses 
to faces and pareidolia images.

Materials and methods

Akdeniz showed that face and face pareidolia percep-
tion are processed in the early phases of visual percep-
tion.25 Another study infers that pareidolia is a mirroring 
of the visual system which perceives human faces as well 
as evocative and cognitive connection.20 Based on this in-
formation, we tested pareidolia in 21 children with ASD 
and 20 TD children, after obtaining the consent of their 
parents. Children in  the  ASD group were diagnosed 
by an expert clinician using the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM 5) criteria.1 None 
of the children had a comorbid disorder or disease. Addi-
tionally, results of the physical and neurological examina-
tions of all the children were within the normal ranges and 
none of the children used any medications. Table 1 shows 
the demographics of the participants. The average perfor-
mance IQ of both groups was similar. Moreover, parents 
completed a test to determine their child’s inattention 
and hyperactivity/impulsivity. Attention deficit was higher 

in children with autism than in healthy children, and more 
parents stated that these children exhibited destructive 
behaviors. This study was carried out with the approval 
of the ethics committee of the Dr. Sami Ulus Maternity 
and Children Training and Research Hospital (Ankara, 
Turkey; approval No. E-21/02-094).

Sixty photographs with equal numbers of  faces, face 
scrambles, pareidolia images, and pareidolia scrambles 
were used in this study (Fig. 1). Scrambled photos were 
disordered versions of faces and pareidolia photos, and were 
prepared using MATLAB software (MathWorks, Natick, 
USA). Pareidolia and face images were equal in size, tone 
and intensity of light, and all images presented neutral faces. 
All photos were transformed into digital form and loaded 
into Google Forms platform (Google, Mountain View, 
USA). The study consisted of 2 stages: a face condition and 
a pareidolia condition. In both conditions, the photos were 
shown one by one as a sequence of faces and scrambles, 
and the children were instructed to press the button when 
they saw a face or face-like photo on the screen. Scrambled 
images were non-target stimulis; therefore, they were not 
included in the statical analyses. In addition to the reac-
tion time to face or face-like images, whether the children 
recognized them or not was recorded as “yes” or “no”.

Statistical analyses

All statistical analyses were conducted using IBM 
SPSS v. 24 software (IBM Corp., Armonk, USA). A value 
of p < 0.05 was considered statistically significant. Since 
the sample size was small, the Shapiro–Wilk test was used 
to analyze whether the participants were normally dis-
tributed. It was found that the distribution of variables 
departed significantly from normality. Based on this out-
come, the median (1st quartile (Q1), 3rd quartile (Q3)) scores 
of all the data were analyzed using descriptive statistics 

Table 1. Demographics of the participants

Characteristics TD (n = 20) ASD (n = 21)

Age, median (Q1, Q3) 12.0 (6.25, 14.75) 10 (8, 11)

Male/female 8/12 14/7

Age at diagnosis 

<2 years

–

1

2–3 years 4

4–6 years 11

7–11 years 3

>12 years 1

Performance IQ, median (Q1, Q3) 96 (80, 103) 93 (80, 101)

Verbal IQ, median (Q1, Q3) 92 (81, 102) 89 (74, 97)

Inattention, median (Q1, Q3) 2 (0, 5) 6 (1, 8)

Hyperactivity/impulsivity, median 
(Q1, Q3)

2 (0, 4) 5 (2, 7)

Disruptive behavior [%] 20.71 37.42

TD – typically developing; ASD – autism spectrum disorder; 
Q1 – 1st quartile; Q3 – 3rd quartile.
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to report response variables and demographic information 
of the participants. In addition, descriptive statistics were 
used to detect the number of correct responses and the ac-
curacy rate. The Mann–Whitney U nonparametric test was 
used to analyze whether the means of the ASD and TD 
groups differed significantly in face and pareidolia condi-
tions. Differences in reaction time and accuracy rate be-
tween the face and pareidolia conditions within the groups 
were also investigated and compared with each other.

Results

Twenty TD children (8 male, 12 female) whose age ranged 
between 6 and 16 (median = 12, Q1 = 6.25, Q3 = 14.75) and 
21 children with ASD (14 male, 7 female) who were be-
tween 6 and 14 years of age (median = 10, Q1 = 8, Q3 = 11) 
participated in the study (Table 1).

In terms of the face condition, the median (Q1, Q3) score 
for reaction time was 2.67 s (1.76, 3.45) in children with 
ASD, while it was 1.14 s (0.96, 1.27) in the TD children. 
For the pareidolia condition, the median (Q1, Q3) score 
for reaction time was 2.55 s (2.32, 3.54) in children with 
ASD, while it was 1.20 s (1.04, 1.57) in the healthy children 
(Table 2). As the mean scores for reaction time show, both 
children in the ASD and TD groups reacted faster to face 
images than to pareidolia images. However, TD children 
exhibited larger differences in reaction times between face 
and pareidolia conditions than children with ASD (Fig. 2).

The Mann–Whitney U nonparametric tests were ap-
plied to assess whether the ASD and TD groups differed 
significantly for the  2  conditions. The  results showed 
that children with ASD reacted significantly later to both 
face images (Z = −4.36, p = 0.001) and pareidolia images 
(Z = −3.47, p < 0.001) than TD children (Table 2).

The accuracy rate was defined as the percentages of cor-
rect responses to each face and pareidolia image by TD 
children and children with ASD. Even though TD children 
achieved a 100% accuracy rate for each face image, just 7 out 
of the 15 face images were responded to with an accuracy 
rate of 100% by children with ASD. However, since the ASD 
group achieved 95.2% accuracy in other face images, there 
were no significant differences between the 2 groups.

For the pareidolia paradigm, the mean accuracy was 
96% in healthy children, whereas the mean for children 
with ASD was 83%. Ten out of 15 pareidolia images were 
responded to by healthy children with a 100% accuracy 
rate. However, just the 1st pareidolia image had the greatest 

accuracy rate in children with ASD, which was 90.4%. 
Moreover, the lowest accuracy rate was 85% in the TD 
group, while it was 52.3% in the ASD group. The lowest 
accuracy rates were related to the same pareidolia im-
ages, which were the 3rd and 12th images in the 2 groups. 
Regarding this, the greatest difference in accuracy rates 
between the TD children and the ASD group again con-
cerned the 3rd and 12th pareidolia images (Fig. 3).

No statistically significant difference was observed 
when comparing ASD children’s disruptive behaviors with 
the TD group. Responses to stimuli, such as face and pare-
idolia, affected the participants’ performances differently. 
Also, the age of children with autism did not affect their 
responses to stimuli.

Discussion

Studies that explore how visual face processing occurs 
in children with autism are needed. The precise reason for 
the disordering of face perception in ASD has not yet been 
fully identified. In this study, we examined whether chil-
dren with ASD differ from TD children using a new test, 

Table 2. Comparison of the groups according to the reaction time for face and pareidolia images

Type of images RT-TD, median (Q1, Q3) RT-ASD, median (Q1, Q3) t; Z p-value

Pareidolia 1.20 (1.04, 1.57) 2.55 (2.32, 3.54) −3.47* 0.001

Face 1.14 (0.96, 1.27) 2.67 (1.76, 3.45) −4.36* <0.001

RT – reaction time; TD – typically developing; ASD – autism spectrum disorder; Q1 – 1st quartile; Q3 – 3rd quartile; * Mann−Whitney U test (other – Mann–
Whitney U nonparametric test).

Fig. 2. Comparison of the response time of typically developing (TD) and 
autism spectrum disorder (ASD) groups to the first images of face and 
pareidolia images
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which utilizes digital face and pareidolia images, to under-
stand how face perception is processed in the brain. Our 
study had 2 remarkable outcomes. First, the results showed 
that children with ASD respond to both face and pareido-
lia images significantly later than TD children. Second, 
the ASD group had a significantly lower accuracy rate than 
the controls for pareidolia images, although the 2 groups 
did not significantly different from each other in terms 
of the accuracy rate for face images.

Behaviors may be triggered by emotions. Battaglia et al. 
examined action control capability changes in 60 volunteers 
via stop-signal task, and used happy, fearful and neutral 
body postures in an experimental study. They found that 
both happy and fearful body postures improved the abil-
ity to suppress a current action compared to neutral body 
postures.26 Emotional expressions are related to gaze cues. 
From the information obtained as a result of noninvasive 
brain stimulation, it has been shown that the perception 
of gaze cues occurs in the amygdala and superior temporal 
sulcus (STS) regions of the brain.27 The gaze cue refers 
to communicating with the gaze direction of others that 
causes the attention to be directed reflexively and the spa-
tial position of the object to be perceived more quickly.27

Emotional expressions are vital for communication and 
behavior. Quick processing of interpersonal emotional per-
ceptions in the brain is important in social life. Borgomaneri 
et al. showed happy, neutral and fearful images to healthy 
volunteers during transcranial magnetic stimulation. Cor-
ticospinal excitability increased in the healthy volunteers’ 
right motor cortex when they were looking at fearful and 
happy images in comparison to neutral images.28

In a review of ASD studies, the striatum and cerebellum 
were associated with changed cognitive, motor and sensory 
functions.29 Motor functions are mostly associated with 
Purkinje cell loss and social dysfunction, which can help 
with the early diagnosis and valued perspective of the dis-
order.29 As we learn more and more about the pathophysi-
ology of the disorder, we can develop more efficient treat-
ments, find ways to avoid the disorder, and more accurately 

diagnose it. Considering the results of a study that classi-
fied the predominant neural endophenotypes of autism, 
scientists who study different aspects of ASD need to work 
together to obtain significant data.30 Due to complexity 
of these studies neuropsychological tests can be considered 
a priority and promising area in neuroscience.

Another research on the pathophysiology of neurological 
disorders is a study of 52 people between 5 and 10 years 
of age, in which 26 people with autism and 26 healthy 
controls were examined for brain abnormalities using 
structural magnetic resonance imaging (sMRI) images 
from the Autism Brain Imaging Data Exchange (ABIDE) 
database. The findings showed white matter, gray matter 
volume and total brain volume increase in the Hammers 
Atlas of autistic participants. Using sMRI, we can identify 
the abnormal structural brain regions and their connection 
with ASD, which can help accurately diagnose autism early. 
We are even able to improve personal treatment by examin-
ing abnormal brain regions and seeing effectiveness of the 
treatment.31 However, it is difficult and expensive to apply 
sMRI in practice. For this reason, even the researchers took 
the images from the ABIDE database. The digital pareidolia 
test we recommend is usable, inexpensive and accessible.

Face and face pareidolia perception in neurological dis-
orders is still not precisely elucidated. Poor performance 
in face perception tests is unlikely to be understood taking 
into account only divergent general cognitive abilities, but 
it can be understood in perceptual integration and social 
cognition.32 This outcome provides a novel understand-
ing of the origins of face perception in ASD and induces 
neuropsychological neuroscience research. Face pareidolia 
is a complex visual illusion where a meaningful object 
is perceived as a result of seeing random patterns that 
resemble a face.33 We found that the ASD group reacted 
to pareidolia images later and had lower accuracy rates 
than the TD group. Similarly, a previous study revealed 
that people with ASD had a significantly higher threshold 
to recognize face-like images. The ASD patients did not 
recognize the images that were easily recognized by the TD 
group and they gave fewer responses to faces.19 Further-
more, children with ASD could define fewer pareidolia 
faces than their TD peers, even though the 2 groups did not 
differ in terms of the number of total defined objects.18 Our 
results are consistent with those of the previous studies.

We found that children with autism showed poor perfor-
mance in terms of face perception. These results are in line 
with previous studies which showed that children with ASD 
have different or atypical face processing. For example, Pierce 
revealed that subject-specific regions (e.g., frontal cortex, pri-
mary visual cortex) located opposite to the fusiform face area 
(FFA) that is active when looking at faces in normal individu-
als were activated in ASD individuals, meaning that they use 
different neural pathways to recognize faces.34 In addition, 
Hadjikhani et al. observed that the right amygdala, inferior 
frontal cortex (IFC), STS, and face-related somatosensory 
and premotor cortex, which are involved in face perception, 

Fig. 3. Percentage of children accurately identifying each 
of the 15 pareidolia images

TD – typically developing; ASD – autism spectrum disorder.
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showed hypoactivity in ASD adults.35 Moreover, some re-
searchers claimed that individuals with ASD showed an atyp-
ically weak central coherence which is required to unite sen-
sory information in a holistic way; therefore, children with 
ASD perceived faces in a piecemeal manner.36,37 However, 
another recent study revealed that children with autism 
were able to perceive holistically face-like objects like the TD 
group after looking at the stimuli, even though the TD group 
was significantly more likely to exhibit faster response.38 Our 
results are consistent with the previous studies.36,37 We be-
lieve these results can be attributed to the slower process 
of neural mechanisms of facial recognition in children with 
autism compared to the TD group.

We found that children with ASD showed poor perfor-
mance in both face and pareidolia conditions. In a study 
consistent with our results, Rahman and van Boxtel re-
ported that it is harder to perceive non-face stimuli as faces 
compared to real faces.39 Findings suggest that face percep-
tion in general and in face pareidolia is not related to au-
tism-like traits but to a person’s age. Perception ability 
and inversion effect do not adhere to autism-like traits.39 
It can be explained by the fact that both real and pareidolia 
face perception require coaction between top-down and 
bottom-up processing in the FFA, frontal and occipito-
temporal areas of the brain.40 Atypical activation of areas 
involving face perception in ASD children may also cause 
the atypical perception of pareidolia faces.35 On the other 
hand, the activation of the right prefrontal cortex (PFC) 
was observed during both real and illusory face process-
ing.40 Considering the abovementioned findings, we sup-
pose that overgrowth and neural dysfunction in multiple 
brain regions may cause the early mechanisms of autism. 
However, some studies which are not consistent with 
our interpretation suggest that abnormalities in the PFC 
of children with ASD are mainly seen in the medial and 
dorsolateral parts of the brain responsible for executive 
functions, not processing faces.41–43

In the future, our new pareidolia test should be used 
in adults with autism and other psychiatric disorders and 
the results should be compared. There are more degenera-
tive in cognitive processes in bipolar and schizophrenia 
diseases.44 Moreover, further information could be ob-
tained if the parents or siblings of the participating chil-
dren would also be tested.

Limitations

The present study has some limitations. The  fact that 
the number of male participants was twice the number of fe-
male participants in the ASD group may have affected the re-
sults, since males have a higher risk of developing ASD than 
females by a ratio of 4:1.45 Furthermore, it was suggested that 
males and females with ASD have different neuroanatomical 
abnormalities, and males with ASD have greater impairment 
in recognizing faces.46,47 Technological problems during 
the application of the digital test were another limitations.

Conclusions

Currently, scientists examine whether there can be spa-
tial attention induced by gaze cues of face-like objects. 
The findings show that face-like objects are not just an il-
lusion of real faces but also activate the extra face-specific 
attentional process.48 Detecting facial expressions shows 
a  positive sequential dependency. We  are more likely 
to perceive face-like expressions on objects as the same 
as the previously seen expression, and this is the same for 
real human faces as well.49 Pareidolia is associated with 
many mechanisms; for example, dysfunction of the right 
striatum is connected with pareidolia in patients with Par-
kinson’s disease.50

This study indicates that children with ASD displayed 
poor performance in reacting to face and pareidolia images 
and recognized those images less correctly when compared 
to their TD peers. Clinicians need new reliable and accurate 
noninvasive tests to specify situations during the diagnosis 
and treatment of autism. The digital face and pareidolia test 
may be a new promising neuropsychological test of the sub-
clinical areas to be used in children. 

The take-home message is understanding that the roles 
of expression processing and facial features are not in-
separable, but pareidolia faces and real faces are perceived 
by the brain in a similar way.
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Abstract
Background. Diabetes mellitus (DM) is a major global health problem, and its incidence is growing. Depend-
ing on this increase, the number of diabetes-related complications will also rise.

Objectives. This study aimed to determine the risk factors associated with major and minor amputations 
resulting from diabetes.

Materials and methods. Patients diagnosed with diabetic foot complications (n = 371) and hospitalized 
between January 2019 and March 2020 were retrospectively evaluated using information obtained from 
the database of Diabetic Foot Wound Clinic. Examination of the data identified 165 patients for inclusion 
in the study, who were stratified into major amputation (group 1, n = 32), minor amputation (group 2, 
n = 66) and non-amputation (group 3, n = 67) groups.

Results. Of the 32 patients who underwent major amputations, 84% had a below-knee amputation, 13% 
had an above-knee amputation and 3% had knee disarticulation. At the same time, 73% of 66 patients who 
underwent minor amputation had a single-finger amputation, 17% had a multiple-finger amputation, 8% had 
a transmetatarsal amputation, and 2% had Lisfranc amputation. Laboratory results showed high acute phase 
protein and low albumin (ALB) levels in patients from group 1 (p < 0.05). Although Staphylococcus aureus 
was found to be the most common infectious agent, Gram-negative pathogens were dominant (p < 0.05). 
Also, there was a significant cost difference between the groups (p < 0.05). Furthermore, those aged over 
65 had a high Wagner score, high Charlson Comorbidity Index (CCI), long diabetic foot ulcer (DFU) duration, 
and high white blood cell (WBC) count, all of which were risk factors for major amputation (p < 0.05).

Conclusions. This study demonstrated an increased Wagner staging and incidence of peripheral neuropathy 
(PN) and peripheral arterial disease (PAD) in major amputation patients. In addition, the rate of distal vessel 
involvement was high in major amputation patients, with elevated acute phase proteins and low ALB levels 
crucial in laboratory findings.

Key words: prognosis, risk factors, cost, amputation, diabetic foot ulcers
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Background

Diabetes mellitus (DM) is a significant global health 
concern that is  increasing in incidence.1–3 The number 
of diabetes-related complications is also rising,2,3 which 
carries an economic burden.1–4

One of the most disabling complications of DM is dia-
betic foot ulcers (DFUs), which result from various etiologi-
cal pathways.1–6 It is estimated that 15–25% of diabetics 
will be affected by DFUs at some point in their lives,1,4–7 
and their recurrence is also common, with 70% of patients 
experiencing recurrent lesions within 5 years of treatment.1 
Moreover, the risk of death after 5 years is 2.5 times higher 
for a patient with a DFU than for diabetes patients without 
a DFU.1 However, the most undesirable potential outcome 
of DFU, other than death, is lower extremity amputation 
(LEA).1,3,7,8

Amputations due to DFUs are the most common cause 
of non-traumatic amputations.7–9 After the 1st amputa-
tion, the incidence of a 2nd in the contralateral limb ap-
proaches 50% within 2 years.4,10 In addition to these risks, 
the medical and psychosocial consequences of LEAs are 
substantial.1,7 In this regard, DFU and LEA patients have 
a significantly reduced quality of  life and a higher risk 
of depression, which may be associated with impaired psy-
chosocial functioning.1,7

Diabetic foot ulcers are difficult to treat and often long-
term, taking weeks or months to heal, and they may not 
heal at all.1 Early diagnosis and treatment of DFUs is vital 
because of the increasing prevalence of diabetic patients 
and the growing health burden.2 Therefore, identifying 
the risk factors for the prognosis of patients with DFU and 
those at high risk, as well as taking preventative action, can 
reduce complications that may develop.11

Many risk factors have been identified for DFU develop-
ment.1–5,8,9,12,13 Those identified in previous studies include 
diabetic peripheral neuropathy (PN), infection, periph-
eral arterial disease (PAD), chronic renal failure (CRF), 
advanced age, male sex, smoking, foot deformities, poor 
glycemic control, large ulcer size, hypertension, lipid ab-
normalities, and comorbidities, along with elevated white 
blood cell (WBC) count, plasma albumin (ALB), glycosyl-
ated hemoglobin A1c (HbA1c), erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein (CRP).1–5,8,9,12–17 
However, results from studies on these DFU risk factors 
are inconsistent.1–4,11,12

Lower extremity amputations due to DFU are generally 
defined as major or minor amputations,3,4,8,9 and there 
is a strong association between the type of amputation 
and the future functional capacity of patients.4,8,9 However, 
there are few studies comparing risk factors between ma-
jor amputation, minor amputation and non-amputation 
patient groups.4,8,9,13

Objectives

This study aimed to determine the clinical differences 
and risk factors between major amputation, minor am-
putation and non-amputation patient groups to reduce 
the possible amputation risk, increase treatment efficiency 
in DFU patients and develop better treatment strategies.

Methods and materials

Patients

The study retrospectively evaluated 371 patients hospi-
talized with a DFU diagnosis between January 2019 and 
March 2020. The data were obtained after examining 
the database of the Kayseri City Hospital Diabetic Foot 
Wound Clinic (Kayseri, Turkey). From initially assessed 
patients, 165 (110 males and 55 females; 94 right-sided 
and 71 left-sided; mean age: 64.87 ±11.82 years; range: 
42–92 years) were included in the study.

Exclusion criteria

Patients who had undergone lower extremity (LE) sur-
gery for any reason were considered for the study. However, 
those with reduced life expectancy or missing data and 
patients without a DFU diagnosis were excluded. Also, 
patients who underwent bilateral amputation, repetitive 
surgery, or chronic treatment with immunosuppressants 
or steroids were excluded.

Study design

The  patients were divided into major amputation 
(group 1, n = 32), minor amputation (group 2, n = 66) and 
non-amputation (group 3, n = 67) groups. A minor LEA 
was defined as any amputation distal to the ankle joint, 
whereas a major LEA was understood as any amputation 
through or proximal to the ankle joint.18

Data sources/measurement

Analyzed data included patient age, gender, smoking 
history, DM duration, DFU duration and side, Wagner clas-
sification, amputation history, presence of PN and PAD, 
laboratory results, microbiologic culture results, length 
of hospitalization, medical comorbidities, and cost of dia-
betes care.

Patient comorbidity was evaluated using the  Charl-
son Comorbidity Index (CCI) and the  modified CCI 
(MCCI),19,20 while the Semmes–Weinstein 5.07 monofila-
ment test assessed PN. Diabetic foot ulcers were classified 
according to the Wagner system: grade 0 – skin lesions 
absent, hyperkeratosis below or above bony prominences; 
grade 1 – skin and immediate subcutaneous tissue are 
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ulcerated; grade 2 – lesions are deeper and may penetrate 
to tendons, bone or joint capsule; grade 3 – deep tissues 
are always involved, osteomyelitis may be present; grade 4 
– gangrene of some portion of the toes or forefoot; grade 5 
– the entire foot is gangrenous.21

Laboratory evaluations included WBC count and hemo-
globin (Hb), ALB, plasma creatinine, blood urea nitrogen 
(BUN), HbA1c, ESR, CRP, and procalcitonin (PCT) levels. 
The presence of neuropathic arthropathy (Charcot joints) 
and osteomyelitis were assessed using LE radiographs and 
magnetic resonance imaging (MRI). The LE Doppler ultra-
sonography (USG) was used to evaluate PAD. Meanwhile, 
the dorsalis pedis, tibialis anterior, tibialis posterior, pop-
liteal, and femoral arteries were evaluated for triphasic, 
biphasic, monophasic, or absence of arterial flow.

Ethical approval

The  Kayseri City Hospital Clinical Research Ethics 
Committee approved the study protocol (approval No. 
01.10.2020/166), and the study was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Statistical analyses

All data analyses employed IBM Statistical Package for 
Social Sciences (SPSS) v. 22.0 (IBM Corp., Armonk, USA) 
software. Percentages and standard deviations (SDs) were 
determined for categorical data and continuous variables, 
and the Shapiro–Wilk test, skewness, kurtosis, and histo-
grams were used to evaluate the data distribution. Pear-
son’s χ2 test compared categorical data between the groups, 
and analysis of variance (ANOVA) with post hoc tests as-
sessed between-group differences in normally distributed 
continuous variables. A value of p < 0.017 was considered 
significant in the post hoc analysis. The Kruskal–Wal-
lis test evaluated the relationship between non-normally 
distributed continuous variables. Multiple linear regres-
sion was used for cost analysis after categorizing the fac-
tors affecting the cost. The factors affecting the 3 groups 
were categorized and evaluated with multinomial logistic 
regression analysis. A value of p < 0.05 was considered 
significant in the multiple linear regression analysis and 
multinomial logistic regression analysis.

Results

Of the 32 patients who underwent major amputations, 
84% (n = 27) underwent below-knee amputation and 13% 
(n = 4) above-knee amputation, and 3% (n = 1) had knee 
disarticulation. Meanwhile, 66 patients underwent minor 
amputation, with 73% (n = 48) undergoing single-finger 
amputation, 17% (n = 12) multiple-finger amputation, 8% 
(n = 5) transmetatarsal amputation, and 2% (n = 1) Lisfranc 
amputation.

Age, ulcer duration, Wagner classification, PN, PAD, 
CCI, MCCI, and diabetes care cost varied significantly 
across between the 3 groups (p < 0.05). Table 1 summarizes 
the baseline characteristics of the patients.

Evaluation of laboratory values indicated significantly 
higher WBC count and CRP and PCT levels, and lower 
ALB level in group 1 compared to groups 2 and 3. In ad-
dition, group 1 had significantly higher ESR and BUN 
values than group 3 (Table 2). However, there were no 
significant between-group differences in HbA1c or cre-
atinine values.

Peripheral neuropathy was detected in 69% (n = 114) 
of patients, with 24 (75%) patients in group 1, 51 (77%) 
patients in group 2 and 39 (58%) patients in group 3. 
There was a significant difference between group 1 and 
group 2 (p = 0.043). Doppler USG examination indicated 
the  involvement of at  least 1 peripheral artery in 27 
(84%) patients in group 1, 33 (50%) patients in group 2 
and 26 (38%) patients in group 3 (p = 0.000). The  in-
volved arteries and the observed f low form are sum-
marized in Fig. 1.

Wound cultures were obtained from 128 patients, with 
growth detected in 82% (n = 106) of samples. Ten (10%) 
cultures had polymicrobial growth, and 96 (90%) contained 
a single microorganism. Microbial growth was detected 
in 18 of 21 wound cultures in group 1, 47 of 51 in group 2 
and 41 of 56 in group 3 cultures. Furthermore, 19 micro-
organisms were detected in group 1, 52 in group 2 and 
45 in group 3.

In the cultures of group 1 patients, 26.3% (n = 5) Gram-
positive bacteria and 73.6% (n = 14) Gram-negative bacteria 
were detected. The most common Gram-positive bacte-
ria isolated were Staphylococcus spp. (n = 4), and Esch
erichia coli (n = 4) was the most common Gram-negative 
bacteria. In group 2, Gram-positive bacterial growth was 
detected in 34.6% (n = 18) and Gram-negative bacteria 
growth in 61.5% (n = 32). Staphylococcus spp. (n = 9) were 
the most common Gram-positive bacteria isolated, while 
Acinetobacter baumannii (n = 6) was the most common 
Gram-negative bacteria. In group 3, Gram-positive bac-
terial growth was detected in 46.6% (n = 21) and Gram-
negative growth in 51.1% (n = 23). The most common 
Gram-positive bacteria were Staphylococcus spp. (n = 12), 
while E. coli (n = 5) was the most common Gram-negative 
bacteria (Table 3).

Multinomial logistic regression analysis was performed 
to investigate independent risk factors. The results showed 
that major amputation was associated with age, WBC 
count, Wagner classification, DFU duration, and CCI. For 
minor amputations, male gender, age, Wagner classifica-
tion, and ESR were crucial risk factors (Table 4).

The mean treatment cost for major amputations was 
$1023, for minor amputations – $535 and $762 for non-
amputations. There was a significant difference between 
the  major amputation and minor amputation groups 
in terms of mean treatment cost (p = 0.032). Age, gender, 
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length of hospital stay, DFU duration, Wagner stage, CCI, 
and MCCI were determined as  the variables affecting 
the cost, and the results of multiple linear regression analy-
sis showed that only the length of stay had a significant 
relationship with cost (p = 0.000) (Table 5).

Discussion

This study examined the epidemiological factors that 
may be effective in determining the prognosis of DFU pa-
tients grouped into major amputation, minor amputation 

Table 1. Demographic characteristics of the patients and clinical outcomes

Patient characteristics Group 1 (n = 32) Group 2 (n = 66) Group 3 (n = 67) p-value

Age [years], mean (range) ±SD 69.8 (49–92) ±12.1 65.7 (42–86) ±9.4 61.6 (34–87) ±12.8 0.027*b

Gender, n (%)
female 10 (31.2) 23 (34.8) 22 (32.8)

0.933†

male 22 (68.7) 43 (65.1) 45 (67.1)

Side of involvement, n (%)
right 19 (59.3) 41 (62.1) 34 (50.7)

0.397†

left 13 (40.6) 25 (37.8) 33 (49.2)

Duration of DFU [days], median (range) 30 (6–360) 20 (2–340) 15 (3–360) 0.020+b

Duration of DM [years], mean ±SD 18.22 ±9.35 14.97 ±7.87 14.90 ±7.47 0.118*

DM treatment, n (%)

insulin 28 (87.5) 56 (84.84) 54 (80.59)

0.829†oral antidiabetic drug 4 (12.5) 7 (10.6) 10 (14.92)

new diagnosis 0 (0) 3 (4.54) 3 (4.47)

Mean length of hospitalization [days], median (range) 13 (3–145) 14 (1–69) 12 (1–150) 0.612+

Wagner classification, n (%)

grade 1 0 (0) 1 (1.51) 21 (31.34)

0.000†ab

grade 2 0 (0) 2 (3.03) 39 (58.2)

grade 3 5 (15.62) 37 (56.06) 7 (10.44)

grade 4 8 (25) 26 (39.39) 0 (0)

grade 5 19 (59.37) 0 (0) 0 (0)

Number of comorbidities, 
n (%)

0 3 (9.37) 16 (24.24) 14 (20.89)

0.273†

1 9 (28.12) 23 (34.84) 30 (44.77)

2 14 (43.75) 16 (24.24) 16 (23.88)

3 3 (9.37) 7 (10.6) 5 (7.46)

4 3 (9.37) 4 (6.06) 2 (2.98)

CCI, median (range) 2 (1–5) 1 (1–4) 1 (1–6) 0.003+ab

MCCI, mean ±SD 5.22 ±1.69 4.06 ±1.71 3.6 ±1.75 0.000*ab

PN, n (%)
present 24 (75) 51 (77.27) 39 (58.20)

0.043†a

absent 8 (25) 15 (22.72) 28 (41.79)

PAD, n (%)
present 27 (84.3) 33 (50) 26 (38.8)

0.000†ab

absent 5 (15.6) 33 (50) 41 (61.1)

Smoking history, n (%)
present 10 (31.25) 14 (21.21) 11 (16.41)

0.240†

absent 22 (68.75) 52 (78.78) 56 (83.58)

Hypertension, n (%)
present 18 (56.25) 34 (51.51) 32 (47.76)

0.726†

absent 14 (43.75) 32 (48.48) 35 (52.23)

IHD, n (%)
present 10 (31.25) 25 (37.87) 22 (32.83)

0.754†

absent 22 (68.75) 41 (62.12) 45 (67.16)

Nephropathy, n (%)
present 10 (31.25) 11 (16.66) 11 (16.41)

0.168†

absent 22 (68.75) 55 (83.33) 56 (83.58)

Hemodialysis, n (%)
present 8 (25) 5 (7.57) 7 (10.44)

0.040†a

absent 24 (75) 61 (92.42) 60 (89.55)

Cost [USD], median (range) 1023 (228–9362) 535 (111–12,852) 762 (56–13,358) 0.032+a

SD – standard deviation; DFU – diabetic foot ulcer; DM – diabetes mellitus; CCI – Charlson Comorbidity Index; MCCI – modified CCI; PN – peripheral 
neuropathy; PAD – peripheral arterial disease; IHD – ischemic heart disease; * analysis of variance (ANOVA) test; † χ2 test; + Kruskal–Wallis test; a difference 
between group 1 and group 2 was statistically significant; b difference between group 1 and group 3 was statistically significant.
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Table 2. Comparison of laboratory results of groups

Variables Group 1 (n = 32) Group 2 (n = 66) Group 3 (n = 67) p-value

HbA1c (%), mean ±SD 9.26 ±2.62 9.48 ±2.31 9.25 ±2.28 0.827*

WBC [103/µL], median (range) 15.12 (7.48–33.76) 11.54 (5.54–32.29) 8.89 (4.09–32.73) 0.000+ab

ESR [mm/h], mean ±SD 77.03 ±33.04 59.36 ±33.32 46.72 ±30.88 0.000*b

CRP [mg/L], median (range) 177.6 (22.2–393.5) 69.5 (1.4–369) 43.5 (0.3–361) 0.000+ab

PCT [µg/L], median (range) 0.01 (0.001–100) 0.80 (0.001–13) 0.06 (0.02–15) 0.000+b

Creatinine [mg/dL], median (range) 1.23 (0.51–10.3) 1.08 (0.51–11.55) 1.02 (0.42–6.6) 0.380+

BUN [mg/dL], median (range) 25.05 (9.7–100.5) 22.65 (7–108) 22 (5.7–61.4) 0.042+b

ALB [g/L], mean ±SD 28.42 ±6.91 34.28 ±5.72 35.39 ±6.57 0.000*ab

HbA1c – glycated hemoglobin A1c; SD – standard deviation; WBC – white blood cell; ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; 
PCT – procalcitonin; BUN – blood urea nitrogen; ALB – albumin; * analysis of variance (ANOVA) test; + Kruskal–Wallis test; a difference between group 1 and 
group 2 was statistically significant; b difference between group 1 and group 3 was statistically significant.

Table 3. Isolated microorganisms and their characteristics

Microorganism Group 1
(n = 19)

Group 2
(n = 52)

Group 3
(n = 45)

Total
(n = 116)

Gram-positive bacteria, n 5 18 21 44

Staphylococcus aureus 2 5 100 17

Enterococcus faecalis 0 4 5 9

Coagulase negative staphylococci 2 4 2 8

Streptococcus agalactiae 1 2 2 5

Dermacoccus nishinomiyaensis 0 1 0 1

Diphtheroid bacillus 0 1 0 1

Kocuria rhizophila 0 0 1 1

Streptococcus thoraltensis 0 0 1 1

Enterococcus avium 0 1 0 1

Gram-negative bacteria, n 14 32 23 69

Escherichia coli 4 4 5 13

Pseudomonas aeruginosa 2 5 4 11

Acinetobacter baumannii 1 6 2 9

Proteus mirabilis 1 3 3 7

Enterobacter cloacae 0 5 1 6

Klebsiella pneumoniae 1 2 2 5

Morganella morganii 1 2 2 5

Klebsiella oxytoca 0 2 2 4

Citrobacter freundii 2 0 0 2

Klebsiella aerogenes 0 2 0 2

Stenotrophomonas maltophilia 1 0 0 1

Citrobacter braakii 1 0 0 1

Acinetobacter lwoffii 0 0 1 1

Serratia rubidaea 0 0 1 1

Proteus hauseri 0 1 0 1

Other microorganisms, n 0 2 1 3

Skin flora 0 0 1 1

Fungi 0 2 0 2
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and non-amputation groups, and compared the costs asso-
ciated with each group. The results showed that high acute 
phase protein values and low ALB levels in group 1 pa-
tients, as well as the presence of high Wagner grades, PN 
and PAD were significant. Furthermore, the Doppler USG 
examinations demonstrated that the rate of distal vessel 
involvement was high in group 1 patients.

Although Staphylococcus aureus was the most common 
infectious agent, Gram-negative pathogens were domi-
nant in all 3 groups. There was also a significant differ-
ence in cost between the groups, with hospital stay length 
being the main factor affecting the cost. Furthermore, 
age >65 years, low ALB values, high Wagner grade, high 
CCI, long DFU duration, and high WBC count were identi-
fied as risk factors for major amputation.

Diabetic foot ulcer is associated with high morbidity 
and mortality, and is one of the potentially preventable 
complications of diabetes.7,13 A wide variety of diabetic 
foot amputation risk factors have been reported in previ-
ous studies.4,13 Such diversity may be due to differences 

in study subjects and designs, treatment protocols and 
cultural characteristics.4,11–13

Various studies have produced different results 
on whether there is a significant relationship between age 
and amputation.2,4,6,7,9,12,13 As people age, the wound heal-
ing process progressively deteriorates due to many factors, 
such as impaired defense mechanisms and immunity and 
the development of PAD.6,13 In this study, advanced age was 
an important determinant, with the mean age of the pa-
tients who underwent major amputation being significantly 
higher than in the other groups. Moreover, advanced age 
increased the risk of major amputation 15-fold and the risk 
of minor amputation approximately 3-fold in DFU patients.

Gender, smoking, age, and DM duration are prognos-
tic factors for amputation. They have been evaluated 
in the previous studies, though the results are controver-
sial.1,6,7,9,12,22–24 Although there was no statistically signifi-
cant relationship in terms of gender between the groups 
in the current study, the risk analysis indicated that being 
male increased the risk of minor amputation approximately 

Table 4. Evaluation of risk factors for amputation according to multinomial logistic regression analysis

Variables Regression 
coefficient p-value OR 95% CI

Major amputation group

male sex 7.110 0.345 1223.778 0.000–3.11

age 2.708 0.016 15.005 1.645–136.847

Wagner classification 15.359 0.004 46.822 0.147–148.6

insulin use –1.221 0.347 0.295 0.023–3.763

duration of DFU 0.773 0.048 2.167 0.996–4.715

number of comorbid diseases 0.052 0.923 1.054 0.365–3.045

CCI 2.015 0.046 7.503 0.930–60.526

MCCI –1.867 0.144 0.155 0.013–1.898

ALB –0.122 0.213 0.885 0.730–1.073

HbA1c –0.145 0.504 0.865 0.566–1.322

CRP 0.009 0.105 1.009 0.998–1.019

WBC 0.001 0.010 1.001 1.000–1.001

ESR 0.012 0.402 1.012 0.984–1.041

Minor amputation group

male sex –18.648 0.000 7.96 –4.02–0.0

age 1.070 0.042 2.916 0.981–8.674

Wagner grade 2.087 0.031 8.064 1.207–53.859

insulin use –0.494 0.314 0.610 0.234–1.595

duration of DFU –0.011 0.956 0.989 0.661–1.480

number of comorbid diseases 0.057 0.835 1.059 0.619–1.810

CCI –0.598 0.392 0.550 0.140–2.164

MCCI –0.332 0.603 0.717 0.205–2.513

ALB 0.037 0.411 1.038 0.950–1.133

HbA1c 0.175 0.131 1.191 0.949–1.493

CRP –0.004 0.321 0.996 0.990–1.003

WBC 0.000 0.265 1.000 1.000–1.000

ESR 0.019 0.022 1.019 1.003–1.036

OR – odds ratio; 95% CI – 95% confidence interval; DFU – diabetic foot ulcer; CCI – Charlson Comorbidity Index; MCCI – modified CCI; ALB – albumin; 
HbA1c – glycated hemoglobin A1c; CRP – C-reactive protein; WBC – white blood cell; ESR – erythrocyte sedimentation rate.
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8-fold. On the other hand, although the major amputation 
patients had a longer mean DM duration, there was no 
significant relationship between the groups. Furthermore, 
smoking was not identified as a risk factor for LEA in this 
study.

In the current study, longer DFU duration was signifi-
cantly associated with major amputation, which increases 
the risk of wound infections that can result in tissue necro-
sis. Such infections cause irreversible damage, with deep 
tissue involvement depending on the processes observed, 
and increase the risk of complications.6–9,24,25 In this re-
gard, major amputation risk nearly doubled as the DFU 
duration increased.

Levels of HbA1c are directly related to the mean glucose 
concentration over the Hb lifetime,6,8 and the primary risk 
factor for developing diabetic complications is poor glyce-
mic control.2,6,8 According to several studies, the HbA1c 
level is a predictor of amputation.2,6,24 However, the cur-
rent study found no significant difference in HbA1c levels 
between the groups.

Individuals with DM are more likely to have PAD,13,25,26 
which is a substantial risk factor for LEA.8,9,12,13,25 Ulcers 
become complicated due to ischemia, which occurs when 
PAD causes insufficient blood flow for ulcer healing.13,25,27 
Furthermore, wound granulation and healing require ad-
equate nutritional support to the tissues.25–27 In the pres-
ence of PAD, the concentration of tissue antibiotics de-
creases, and the  risk of  multidrug-resistant microbes 
multiplying in DFUs becomes greater, thereby increasing 
the possibility of amputation.25–27 In the current study, 

there was a significant difference in PAD incidence be-
tween the groups, with 84% in the major amputation group, 
50% in the minor amputation group and 38% in the non-
amputation group. In group 1, group 2 and group 3, the in-
cidence of monophasic flow or absence of flow in the dor-
salis pedis artery was 95%, 80% and 60%, respectively. 
Meanwhile, distal artery involvement was more common 
in the major amputation group. These findings demon-
strate that as PAD incidence and severity increase, so do 
the rate and level of amputation.

Peripheral arterial disease, DFU depth and presence 
of  infection are the  most commonly used parameters 
for DFU classification.2,8,13,28,29 It has been shown that 
the Wagner classification,, the most common classification 
system used to describe DFU characteristics, is effective 
for prognosis.2,8,13,28,29 However, its sensitivity in predict-
ing LEA is 93.6%, and its specificity is 50.8%.2,8,28 In this 
study, major amputation patients were classified as Wagner 
grade 4 or 5, and lower grades were detected in patients 
with minor amputations and those who did not undergo 
amputation, with a significant difference between them. 
Being classified as Wagner grade 4 or 5 increased the risk 
of major amputation approx. 47 times and the risk of minor 
amputation 8 times.

Since the CCI includes diabetes severity, PAD status 
and nearly all independent amputation risk factors, a high 
score of this index is an amputation indicator and can be 
used as a clinical tool.19–21,30,31 There was a significant dif-
ference in CCI and MCCI between group 1 and the other 
2 groups. In the risk analysis, a CCI ≥ 4 increased the risk 

Fig. 1. Distribution of flow 
phases detected using Doppler 
ultrasonography in patients with 
peripheral artery involvement

AAF – absence of arterial flow; 
ATA – anterior tibial artery; 
BAF – biphasic arterial flow; 
DPA – dorsalis pedis artery;  
FA – femoral artery;  
MAF – monophasic arterial flow; 
PA – popliteal artery;  
TAF – triphasic arterial flow; 
PTP – posterior tibial artery.
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of  major amputation 7.5  times. There was no signifi-
cant difference in the number of comorbidities between 
the groups. However, the specific disease, disease stage and 
the extent of its effect on the tissues in DFUs play a greater 
role in the prognosis than the number of comorbidities. 
Therefore, the quality of the accompanying diseases rather 
than their quantity is a crucial determinant of the level 
of amputation.

Diabetes mellitus and CRF have important common risk 
factors that predispose to DFU formation, such as PN, PAD 
and susceptibility to infection.2,4,9,32 Moreover, CRF is consid-
ered an indicator of future PAD,2,4,9,32 and a significant asso-
ciation has been established between the deterioration of kid-
ney function and DFU recurrence and amputations.4,9,22,23 

However, a meta-analysis found that nephropathy was not 
the cause of amputation in patients with a diabetic foot in-
fection, despite its role in the development of DFUs.2 Fur-
thermore, it has been reported that nephropathy may not 
be a direct indicator of amputation, as the predictive value 
of different nephropathy stages may vary.2,9

In this study, 19.3% of the patients were diagnosed with 
CRF, and 62.5% were undergoing hemodialysis. There was 
no significant relationship between the groups in terms 
of CRF. However, there was a significant difference be-
tween group 1 and group 2 in the proportion of patients 
undergoing hemodialysis. Therefore, it can be concluded 
that there may be a possible increase in the number of ma-
jor amputations in DFU patients as the CRF stage increases.

Table 5. Factors determining the cost (with multiple linear regression analysis)

Variables B SE β (95% CI) t p-value

Group 1

Age −250.554 4638.022 −0.009 −0.054 0.957

Sex 235.045 4082.116 0.008 0.058 0.955

Length of hospitalization 7597.503 1785.390 0.673 4.255 0.000

Duration of DFU −552.367 2021.895 −0.048 −0.273 0.787

Wagner grade 900.469 5782.375 0.025 0.156 0.878

CCI −4094.475 4248.726 −0.176 −0.964 0.345

MCCI 5196.98 5708.88 0.197 0.910 0.372

Group 2

Age −666.167 2873.942 0.028 0.232 0.818

Sex −4748.349 2604.285 −0.194 −1.823 0.073

Length of hospitalization 5938.442 1141.558 0.543 5.202 0.000

Duration of DFU −199.733 1309.653 −0.017 −0.153 0.879

Wagner grade 391.490 2621.614 0.016 0.149 0.882

CCI 7127.234 4394.209 0.199 1.622 0.110

MCCI −4748.349 3272.719 0.023 0.165 0.870

Group 3

Age −4667.808 4569.127 −0.150 −1.022 0.311

Sex 701.266 3855.325 0.021 0.182 0.856

Length of hospitalization 7105.261 1719.424 0.509 4.132 0.000

Duration of DFU 734.218 1519.840 0.057 0.483 0.631

Wagner grade −1196.057 10618.4 −0.013 −0.113 0.911

CCI −1489.57 4641.056 −0.042 −0.321 0.749

MCCI 5667.4 5107.638 0.174 1.110 0.272

Total

Age −1566.719 2143.609 −0.58 −0.731 0.466

Sex −1394.648 1907.803 −0.048 −0.731 0.466

Length of hospitalization 6738.996 836.049 0.543 8.061 0.000

Duration of DFU 241.870 825.283 0.020 0.293 0.770

Wagner grade −346.083 2006.335 −0.012 −0.172 0.863

CCI 412.549 2347.424 0.013 0.176 0.861

MCCI 4252.942 2426.024 0.154 1.753 0.082

β – standardized coefficients; B – unstandardized coefficients; 95% CI – 95% confidence interval; DFU – diabetic foot ulcer; CCI – Charlson Comorbidity 
Index; MCCI – modified CCI; SE – standard error.
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Peripheral neuropathy is one of the major risk factors 
for all foot complications.6,12 In addition to foot deformity 
caused by PN, neuropathic changes, such as decreased pro-
tective sensation and skin cracks due to decreased sweat-
ing, lead to the formation of diabetic foot infections.5,6 
Furthermore, the healing of DFUs can occur without com-
plications in patients without PN.6 Peripheral neuropa-
thy was present in 69% of the patients in this study, and 
there was a significant difference in PN incidence between 
group 1 and 2.

Diabetic foot ulcer treatment requires specialist care, 
orthopedic tools, antimicrobial drugs, various dressing 
materials, and inpatient care,1,4,9 which leads to a signifi-
cant economic burden.1,4,9,13 The cost of DFU treatment 
to the healthcare system varies by country,1 though DFU 
treatment accounts for approx. 25% of the total hospital 
costs for a diabetic patient.1,2,4,13 In  the current study, 
group 1 had the highest mean treatment cost, followed 
by  group  3 and group  2, respectively. The  reason for 
the high cost in group 3 patients is likely due to the ex-
tended hospital stay and the dressing equipment used. 
Meanwhile, the factor that increased the treatment cost 
of patients who underwent major amputation was hospi-
talization in the intensive care unit (ICU) after surgery. 
According to the regression analysis, the length of hospital 
stay was the only factor affecting the cost, though the costs 
do not fully represent the total economic burden. Indeed, 
when associated costs, such as loss of productivity, clinical 
follow-up, rehabilitation, and home care, are taken into 
account, higher costs may be encountered.

C-reactive protein and ESR levels and WBC count are 
the most frequently used parameters for detecting infec-
tion in clinical practice,2,8,9,33 and are useful for showing 
changes in disease activity.2,5,9,33 In this study, mean WBC 
count, CRP level, ESR rate, and PCT values were signifi-
cantly higher in group 1 than in groups 2 and 3.

Proteins are vital for matrix synthesis and healing 
at the wound site.8,34 It has been reported that patients 
with ALB levels greater than 28–35 g/L recovered with-
out complications.8,34 In this study, the mean preoperative 
ALB values were 28.4 g/L (group 1), 34.2 g/L (group 2) 
and 35.3 g/L (group 3). The comparison of the ALB values 
between groups showed a significant difference, which 
is consistent with the supporting literature.8,34

Approximately 56% of  DFUs are infected, and 20% 
of them require amputation.2,5,9,12 Although Gram-pos-
itive pathogens, especially Staphylococcus spp., are seen 
more frequently in diabetic foot infections, others have 
reported detecting Gram-negative pathogens more of-
ten.2,5,9,12 Gram-negative bacteria isolation poses a higher 
risk of  amputation than Gram-positive bacteria isola-
tion,2,5,9 although S. aureus is reported to be a predictor 
of  limb loss.5,9,12 In this study, Gram-negative microor-
ganisms were most common in all 3 groups. Nonethe-
less, considering the results of all cultures, Staphylococcus 
spp. were the most common causative microorganisms. 

Meanwhile, Gram-negative pathogens were predominantly 
detected in group 1 and 2 patients, and Gram-positive and 
Gram-negative pathogens were found at an almost equal 
frequency in group 3.

Early diagnosis and treatment of DFUs are vital due 
to  the  increasing prevalence of  diabetic patients and 
the subsequent increased burden on healthcare system 
and costs. Moreover, improved management of diabetic 
patients in  the  initial stages is  crucial, as  the  severity 
of  the  condition increases when complications arise. 
Therefore, identifying risk factors in DFU patients will 
help to develop effective strategies for diagnosis, manage-
ment and treatment protocols. We believe that increasing 
knowledge in the DFU field through the current and simi-
lar studies will help define risk assessment models that can 
be used in clinical practice.

Limitations

This study had several limitations. Although the data 
were collected prospectively, the study was retrospective 
in design, meaning that the findings need to be confirmed 
in prospective studies. Also, the sample size is relatively 
small, though it is more than sufficient compared to simi-
lar studies. Furthermore, stepwise selection methods are 
widely applied to identify covariates for inclusion in regres-
sion models, which leads to biased estimation of the re-
gression coefficients and can cause a  significant bias 
in the estimated regression coefficients. Finally, the study 
was undertaken in a developing country and may not re-
flect DFU patients in developed countries.

Conclusions

This study demonstrated high Wagner grades, PN and 
PAD incidence in major amputation patients. Furthermore, 
age >65 years, long DFU duration, low ALB values, high 
Wagner score, increased CCI, and elevated WBC count 
were risk factors for major amputation. Although S. aureus 
was the most common infectious agent, Gram-negative 
pathogens dominated. Moreover, major amputation pa-
tients had a high rate of distal vessel involvement, higher 
acute phase protein levels and lower ALB levels. There was 
also a significant difference in cost between the groups, and 
the most important factor was the length of hospital stay.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.7826090. The package contains 
the following files:

Supplementary linear regression tests file.
Supplementary normality tests file.
Supplementary multinomial logistic regression test results.
Supplementary normality test table.
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Abstract
Background. Evaluating predictors of coronavirus disease 2019 (COVID-19) and severity among children 
may help clinicians manage the high rate of hospital admissions for suspected cases.

Objectives. This study aimed to evaluate the demographic, clinical and laboratory characteristics of children 
during the pandemic, and determine the predictors of COVID-19 and moderate-to-severe disease.

Materials and methods. This retrospective cohort study included all consecutive COVID-19 cases in patients 
aged <18 years who presented to the Pediatric Emergency Department at Haseki Training and Research 
Hospital (Istanbul, Turkey) between March 15 and May 1, 2020, and underwent severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction (PCR) analysis of oro-nasopharyngeal 
swabs (n = 1137).

Results. The frequency of SARS-CoV-2 PCR positivity was 28.6%. The COVID-19 (+) group presented with 
sore throat, headache and myalgia significantly more frequently than the COVID-19 (–) group. Multivariate 
logistic regression models showed independent predictors of SARS-CoV-2 positivity as follows: age, contact 
history, lymphocyte count <1500/mm3, and neutrophil count <4000/mm3. In addition, higher age, neutrophil 
count and fibrinogen levels were independent predictors of severity. The diagnostic cutoff value for fibrinogen 
(370.5 mg/dL) had a sensitivity of 53.12, specificity of 83.95, positive predictive value (PPV) of 39.53, and 
negative predictive value (NPV) of 90.07 for predicting severity.

Conclusions. Symptomatology, whether alone or in combination with other approaches, may be an ap-
propriate strategy to guide the diagnosis and management of COVID-19.

Key words: children, fibrinogen, severity, COVID-19, SARS-CoV-2 PCR
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Background

In  late 2019, the  novel severe acute respiratory syn-
drome coronavirus 2 (SARS-COV-2) was reported to be 
spreading globally and causing coronavirus disease 2019 
(COVID-19). On February 11, 2020, the World Health Or-
ganization (WHO) declared this to be a pandemic.1

So far, around 2.5–15% of all reported COVID-19 cases 
have been in children, and this rate has increased over 
time.2,3 The clinical course of COVID-19 in children has 
ranged from being asymptomatic to requiring intensive-
care monitoring; however, a mild disease course has been 
the most common.2,3 In children, the most frequent symp-
toms have been fever and cough, with respective incidence 
of 46% and 37% in those aged <9 years, and 35% and 41% 
in those aged ≥10 years.3 Hospitalization rates have been 
lower in juveniles than in adult patients, with approx. 20% 
of pediatric cases requiring hospitalization.4

Although most children diagnosed with COVID-19 have 
been asymptomatic or have had a mild clinical course, 
the rate of juvenile patients admitted to hospitals has been 
increasing due to growing concerns about the pandemic. 
A severe disease course has been seen among juvenile 
cases, although at a lower incidence than among adults. 
Therefore, evaluating predictors of COVID-19 and a severe 
disease course among children may help clinicians to man-
age the high rate of hospital admissions of suspected cases.

Objectives

The primary objective of  this study was to evaluate 
the  demographic, clinical and laboratory characteris-
tics of children with and without COVID-19 who were 
reported to our pediatric emergency department during 

the pandemic. The secondary objectives were to determine 
the predictors of COVID-19 and the predictors of a mod-
erate-to-severe clinical course.

Materials and methods

Patients

The population for this retrospective cohort study in-
cluded all consecutive pediatric cases aged  <18  years 
who presented to the Pediatric Emergency Department 
at Haseki Training and Research Hospital (Istanbul, Tur-
key) between March 15 and May 1, 2020, and underwent 
SARS-CoV-2 real-time polymerase chain reaction (PCR) 
analysis of oro- and nasopharyngeal swabs (n = 1137 pa-
tients). Children with an indeterminate SARS-CoV-2 PCR 
result (n = 13) and those with a clinically high suspicion 
and a negative result (n = 25) were excluded from the study 
group. In total, 1099 children were enrolled in the study. 
Asymptomatic cases were excluded, and the remaining 
patients were divided into 2 groups according to the PCR 
test results: COVID-19-positive (COVID-19 (+); n = 262) 
and COVID-19-negative (COVID-19 (−); n = 621). The study 
population is detailed in Fig. 1.

The SARS-CoV-2 PCR-positive cases, according to clini-
cal findings, were divided into 3 groups as follows: 1) an as-
ymptomatic group, in which patients had undergone a PCR 
test due to contact history and had no symptoms; 2) a mild 
group, in which patients had nonspecific symptoms such 
as cough, fever, malaise, and myalgia; and 3) a moderate-
to-severe group, in which patients had pneumonia that was 
confirmed with physical examination and imaging (chest 
X-ray and/or computed tomography (CT)), with or without 
a requirement for oxygen supplementation.

Fig. 1. Diagram showing 
a summary of the study 
population

COVID-19 – coronavirus 
disease 2019; 
PCR – polymerase 
chain reaction; 
SARS-CoV-2 – severe acute 
respiratory syndrome 
coronavirus 2.

SARS-CoV-2 PCR-tested cases aged <18 years
Attending pediatric emergency department

between March 15 and May 1, 2020
n = 1137

SARS-CoV-2 PCR positive
n = 322

SARS-CoV-2 PCR negative
n = 802

Indeterminate PCR test result
n = 1124

Mild
n = 218

Moderate-to-severe
n = 44

Asymptomatic
n = 60

Clinically highly suspicious cases (n = 25)
Asymptomatic cases  (n = 156)

COVID-19 (+) group COVID-19 (–) group
n = 621

n = 1124
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Data collection

Demographic features, clinical data, and laboratory and 
imaging (chest X-ray and thorax CT) findings on admis-
sion were recorded retrospectively. Potential COVID-19 
cases were routinely tested to determine complete blood 
count, erythrocyte sedimentation rate (ESR) and levels 
of  C-reactive protein (CRP), procalcitonin, biochemi-
cal coagulation parameters, fibrinogen, and d-dimers. 
The SARS-CoV-2 presence was investigated using a re-
verse-transcription quantitative PCR (RT-qPCR) detection 
kit with oro-nasopharyngeal swabs (Bioksen ArGe Teknik 
Co. Ltd, Istanbul, Turkey; Biospeedy®).

The study protocol was in accordance with the Declara-
tion of Helsinki. The protocol was approved by the Ethics 
Committee of the Haseki Training and Research Hospital 
(approval No. 2020-80).

Statistical analyses

Statistical analyses were performed using IBM SPSS 
v. 22.0 software (IBM Corp, Armonk, USA). The Shap-
iro–Wilk test was used to determine whether the vari-
ables were normally distributed. Numbers and per-
centages were used to  express categorical variables. 
The mean ± standard deviation (M ±SD) or the median 
with the 25th and 75th percentiles were used to express 
continuous variables depending on whether they showed 
a parametric or nonparametric distribution. For the mul-
tivariate analysis, all variables were subject to a logistic 
regression analysis to determine independent predictors 
of COVID-19. All variables in the sample group without 
collinearity were included in a logistic regression model 
to determine the  independent predictors of  the  latter. 
The Hosmer–Lemeshow test was used to assess the good-
ness-of-fit of the model. A 5% type-I error level was used 
to infer statistical significance. Akaike’s information cri-
terion (AIC) and Schwarz’s Bayesian information crite-
rion (BIC) values for logistic regression analysis models 
were measured using Jamovi statistical software v. 2.3.18 
(https://www.jamovi.org/). A variance influence factor 
(VIF) of 3 was set as the cutoff value. The VIF values less 
than 3 indicated a low correlation among the variables 
included in  the model. Since the number of observa-
tions totaled 726, the minimum sample size require-
ment was also met. The Box–Tidwell test was used to test 
the linearity between the predictors and the logit. Log-
transformed interaction terms between the continuous 
independent variables and their natural logs were added 
to the model. Then, we re-ran the  logistic model with 
the interaction terms. There were no statistically signifi-
cant results in interaction terms (p > 0.05). Continuous 
independent variables were linearly related to the logit 
of the outcome variable, implying that the assumption 
was met. The capacity of fibrinogen levels in predicting 
moderate-to-severe clinical courses was analyzed using 

receiver operating characteristics (ROC) curve analysis. 
For fibrinogen, sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), positive 
likelihood ratio (LR (+)), negative LR (LR (–)), accuracy, 
and area under the ROC curve (AUC) were calculated 
as diagnostic tools for predicting a moderate-to-severe 
clinical course. When evaluating the AUC, a 5% type-I 
error level was used to define a statistically significant 
predictive value for the test variables.

Results

The study population is summarized in Fig. 1. The fre-
quency of  SARS-CoV-2 PCR positivity was 28.6% 
(n = 322/1124) during the study period.

The clinical and laboratory findings 
of the COVID (+) and COVID (–) groups

The  demographic and clinical characteristics 
of the COVID-19 (+) (n = 262) and COVID-19 (−) (n = 621) 
groups are shown in Table 1. The ratio of hospitalization 
was significantly different between the  COVID-19 (+) 
and COVID-19 (–) groups: 38 patients (14.5%) compared 
to 55 patients (8.9%), respectively (p = 0.013). All hospital-
ized patients were discharged with a good outcome, and 
none of the hospitalized patients required intensive care.

Among the 883 symptomatic cases, laboratory studies 
were performed in 726 patients (82.2%) within the first 
3 days. The laboratory findings of COVID-19 (+) (n = 228) 
and COVID-19 (−) (n = 498) groups are shown in Table 2.

Predictors of COVID-19

All variables in the 2 groups were included in the lo-
gistic regression analysis. The logistic regression analysis 
found that age, contact history, lymphocyte count below 
1500/mm3, and neutrophil count below 4000/mm3 on ad-
mission were independent predictors of SARS-CoV-2 PCR 
positivity (Table 3).

Characteristics of the COVID-19 (+) group

A total of 322 COVID-19 (+) patients were evaluated. 
The median age was 151 months (81; 192), and 164 (50.9%) 
were female. According to clinical severity, an asymp-
tomatic course was observed in 18.6% (n = 60), a mild 
course in 67.7% (n = 218) and a moderate-to-severe course 
in 13.7% (n = 44) of the patients. Twenty-two cases (7.2%) 
had underlying comorbidities, the most common of which 
were asthma, cerebral palsy and familial Mediterranean 
fever. The most common symptoms were cough, fever 
and sore throat in the mild subgroup (61.0%, 54.1% and 
25.2%, respectively), and cough, fever and shortness 
of breath in  the moderate-to-severe sub group (84.1%, 
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59.1% and 31.8%, respectively; Table 1). Thoracic CTs 
were performed in 39.1% (n = 126) of the COVID-19 (+) 
group, and 27.7% showed abnormal findings (Supple-
mentary Table 1).

Among the  262  symptomatic COVID-19 (+) cases, 
laboratory studies were performed in 228 (87.0%) within 
the first 3 days. The laboratory findings of the COVID-19 
(+) subgroup are shown in Table 2.

Table 1. Comparison of COVID-19 (+) and COVID-19 (−) patient groups and comparison of the mild and the moderate-to-severe COVID-19 (+) subgroups

Variable
COVID-19 (+) (n = 262)

COVID-19 (−) (n = 621) 
Mild (n = 218) Moderate-to-severe 

(n = 44) Total

Age [months], median (25th; 75th percentile) 152 (70.5; 193) 184 (133; 203) 159 (82; 198) 100 (37; 171)

Male sex, n (%) 103 (47.2) 17 (38.6) 120 (45.8) 339 (54.6)

Contact history, n (%) 199 (91.3) 40 (90.9) 239 (91.2) 332 (53.4)

Fever, n (%) 118 (54.1) 26 (59.1) 144 (55.0) 341 (54.9)

Cough, n (%) 133 (61.0) 37 (84.1) 170 (64.9) 396 (63.8)

Shortness of breath, n (%) 25 (11.5) 14 (31.8) 39 (14.9) 92 (14.8)

Sore throat, n (%) 55 (25.2) 5 (7.1) 60 (22.9) 87 (14.0)

Fatigue, n (%) 41 (18.8) 7 (14.6) 48 (18.3) 86 (13.8)

Headache, n (%) 36 (17.9) 8 (18.2) 47 (17.9) 50 (8.1)

Vomiting, n (%) 11 (5.0) 7 (15.9) 18 (6.9) 57 (9.2)

Diarrhea, n (%) 20 (9.2) 7 (15.9) 27 (10.3) 45 (7.2)

Myalgia, n (%) 24 (11.0) 5 (11.4) 29 (11.1) 42 (6.8)

Abdominal pain, n (%) 11 (5.0) 2 (4.5) 13 (5.0) 37 (6.0)

Fever and cough, n (%) 71 (32.6) 24 (54.5) 95 (36.3) 195 (31.4)

Cough and shortness of breath, n (%) 14 (6.4) 14 (31.8) 28 (10.7) 64 (10.3)

Fever, cough and shortness of breath 
(at least 2 of the above), n (%)

83 (38.1) 32 (72.7) 115 (43.9) 234 (37.7)

COVID-19 – coronavirus disease 2019.

Table 2. The comparison of inflammation markers between COVID-19 (+) and (−) groups and between COVID-19 (+) subgroups

Variable

Mild
COVID-19

Moderate-to-severe 
COVID-19 Total COVID-19 (+) COVID-19 (−)

n M ±SD or
Me (IQR 25th; 75th) n M ±SD or

Me (IQR 25th; 75th) n M ±SD or
Me (IQR 25th; 75th) n M ±SD or

Me (IQR 25th; 75th)

Leukocytes [cells/mm3] 182 7544 ±2820 44 5880 ±2073 224 7232 ±2777 491 10.787 ±4457

Neutrophils [cells/mm3] 182 3555 (2278; 4947) 44 2630 (1860; 3640) 224 3340 (2180; 4690) 491 5070 (3320; 7840)

Neutrophil count <4000/mm3, n (%) − 109 (59.9) − 36 (81.8) − 145 (64.7) − 181 (36.9)

Lymphocytes [cells/mm3] 182 2330 (1605; 3315) 44 1900 (1350; 2480) 224 2280 (1590; 3150) 491 3015 (2137; 4497)

Lymphocyte count <1500/mm3, n (%) − 34 (18.9) − 12 (27.2) − 46 (20.5) − 46 (9.4)

Platelets [cells/mm3] 182 262.846 ±75.892 44 233.750 ±66.542 224 257.152 ±75.095 491 291.081 ±91.313

Platelet count <150,000/mm3, n (%) − 5 (2.7) − 1 (2.3) − 6 (2.7) − 13 (2.6)

Neutrophil-to-lymphocyte ratio 182 1.39 (0.83; 2.55) 44 1.25 (0.85; 2.28) 224 1.34 (0.84; 2.41) 491 1.68 (0.88; 3.07)

CRP [mg/dL] 186 1.8 (0,8; 5,9) 44 4.0 (1,2; 13,8) 228 2.1 (0,8; 7.53) 498 3.4 (0,6; 22.95)

CRP level >5 mg/dL, n (%) − 57 (30.6) − 21 (47.7) 228 78 (34.2) 498 228 (45.8)

Procalcitonin [µg/dL] 153 0.03 (0.02; 0.07) 40 0.05 (0.02; 0.09) 191 0.03 (0.02; 0.08) 301 0.04 (0.02; 0.12)

Procalcitonin level ≥0.05 µg/dL, n (%) − 59 (38.6) − 21 (52.5) − 80 (41.8) − 148 (49.2)

d-dimer [mg/L] 145 0.39 (0.29; 0.56) 43 0.47 (0.28; 1.17) 186 0.40 (0.28; 0.62) 311 0.50 (0.30; 0.90)

d-dimer level >0.55 mg/L, n (%) − 38 (26.2) − 21 (48.8) 186 59 (31.7) 311 138 (44.4)

Fibrinogen [g/L] 151 2.96 ±0.69 43 3.49 ±0.91 192 3.08 ±0.78 318 3.13 ±1.03

Fibrinogen level >3 g/L, n (%) − 59 (39.1) − 32 (74.4) − 91 (47.4) − 147 (46.2)

Erythrocyte sedimentation rate [mm/h] 67 8 (4,5; 14,5) 29 15 (7,5; 24) 96 9 (5;17) 122 11 (5.0; 27.0)

COVID-19 – coronavirus disease 2019; M ±SD – mean ± standard deviation; Me – median; IQR – interquartile range; CRP – C-reactive protein.
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Predictors of a moderate-to-severe  
disease course

All variables in the 2 groups were included in the lo-
gistic regression analysis. The logistic regression analysis 
found higher age, neutrophil count and fibrinogen level 
to be independent predictors of moderate-to-severe dis-
ease (Table 4).

A ROC curve was used to assess the predictive efficacies 
of fibrinogen levels, which reached AUC values of 0.706 
(Fig. 2). Table 5 shows the sensitivity, specificity, PPV, 
NPV, LR (+) and LR (–) accuracy, and the AUC value for 
fibrinogen levels in predicting a moderate-to-severe clini-
cal course.

Discussion

We comprehensively evaluated the demographic and 
clinical characteristics and laboratory features of patients 
who underwent a SARS-CoV-2 infection evaluation. In our 

study sample, the positive test result rate was 1 in 3 for 
all groups. The relatively large number of COVID-19 (+) 
children (n = 322) in this cohort provided an opportunity 
to report on the descriptive, clinical and laboratory fea-
tures of COVID-19 in children.

Table 3. Predictors of having COVID-19

Predictors p-value OR 95% CI

Age (per year) 0.024 1.06 1.01–1.12

Gender 0.580 1.15 0.71–1.89

Fever 0.752 1.14 0.50–2.64

Cough 0.561 1.26 0.58–2.72

Shortness of breath 0.592 1.43 0.38–5.36

Sore throat 0.282 1.42 0.75–2.69

Headache 0.212 1.61 0.76–3.41

Myalgia 0.862 1.09 0.42–2.81

Fatigue 0.997 1.00 0.48–2.08

Diarrhea 0.888 1.06 0.45–2.52

Vomiting 0.755 1.15 0.46–2.92

Abdominal pain 0.554 1.54 0.37–6.47

Fever and cough 0.225 2.41 0.58–10.00

Cough and shortness of breath 0.615 1.44 0.35–6.00

At least 2 of the following: fever, 
cough or shortness of breath

0.385 0.52 0.12–2.23

Contact history <0.001 11.21 4.92–25.56

Lymphocyte count <1500/mm3 0.013 3.04 1.27–7.30

Neutrophil count <4000/mm3 <0.001 3.14 1.83–5.39

Platelet count <150,000/mm3 0.280 2.36 0.50–11.20

CRP >5 mg/dL 0.552 1.25 0.63–2.52

Procalcitonin level ≥0.05 µg/dL 0.144 1.63 0.85–3.15

d-dimer level >0.55 mg/L 0.021 0.53 0.31–0.91

Fibrinogen level >3 g/L 0.374 1.29 0.74–2.25

Hosmer–Lemeshow test p= 0.614; model summary Nagelkerke R2 = 0.332; 
model fit measures: Akaike’s information criterion (AIC) = 470, Bayesian 
information criterion (BIC) = 566. 95% CI – 95% confidence interval; 
COVID-19 – coronavirus disease 2019; OR – odds ratio; CRP – C-reactive 
protein. Values in bold are statistically significant.

Table 4. Predictors of having moderate-to-severe COVID-19 course

Predictors p-value OR 95% CI

Age (per year) 0.011 1.17 1.04–1.32

Gender 0.798 1.17 0.36–3.77

Fever 0.304 0.33 0.04–2.71

Cough 0.470 0.54 0.10–2.84

Shortness of breath 0.990 0 0–0

Sore throat 0.928 0.94 0.21–3.99

Diarrhea 0.791 0.79 0.14–4.47

Vomiting 0.015 8.92 1.52–58.21

Headache 0.847 0.87 0.21–3.64

Fatigue 0.841 0.87 0.21–3.47

Myalgia 0.804 0.78 0.10–5.75

Abdominal pain 0.781 1.54 0.07–33.08

Fever and cough 0.707 1.90 0.07–53.27

Cough and shortness of breath 0.989 0 0–0

At least 2 of the following: fever, 
cough or shortness of breath

0.643 2.04 0.10–42.06

Lymphocyte count <1500/mm3 0.371 1.81 0.49–6.59

Neutrophil count <4000/mm3 0.022 4.36 1.23–15.38

Platelet count <150,000/mm3 0.627 0.48 0.03–9.11

CRP >5 mg/dL 0.963 1.03 0.29–3.65

Procalcitonin level ≥0.05 µg/dL 0.066 3.62 0.92–14.33

Fibrinogen level >3 g/L 0.017 3.75 1.26–11.14

d-dimer level >0.55 mg/L 0.067 3.09 0.93–10.33

Hosmer–Lemeshow test p = 0.906; model summary Nagelkerke R2 = 0.512; 
model fit measures: Akaike’s information criterion (AIC) = 158, Bayesian 
information criterion (BIC) = 230. 95% CI – 95% confidence interval; 
COVID-19 – coronavirus disease 2019; OR – odds ratio, CRP – C-reactive 
protein. Values in bold are statistically significant.

Fig. 2. ROC curve of fibrinogen levels

AUC – area under the ROC curve; ROC – receiver operating characteristics.
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The frequency of SARS-CoV-2 PCR positivity in this 
study group was 28.6%, while a 38% rate was reported 
in adults during the early stages of the pandemic in China.5 
Despite the fact that SARS-CoV-2 infections were observed 
in  children and juveniles of  various age, 61.5% of  our 
cases were under the age of 10 compared to previously 
reported rates of 46.1% to 56.8% among COVID-19 cases 
in children.6,7 Asymptomatic cases were found in 18.6% 
of  children in  our study, while this rate was 10–35% 
in other reports concerning COVID-19 in children.7–11 
The ratio of asymptomatic cases did not reflect the true 
prevalence of asymptomatic disease as we performed PCR 
tests on children due to contact history, and this was not 
a screening study for a population.

According to the literature, a mild disease course with 
upper respiratory tract illness has been the most com-
mon presentation of COVID-19 in children, and the inci-
dence rate has ranged between 33% and 79% across stud-
ies.6,8,10,12,13 In the current study, the incidence of mild 
disease was 67.7%, and the most frequent symptoms were 
cough, fever and sore throat. The rates of fever and cough 
were 42–52% and 44–48%, respectively, in mild cases.8,14,15 
The possible reasons for children having a relatively mild 
disease course have not been validated but are thought 
to  include less intense immune and inflammatory re-
sponses, differences in airway epithelial and angiotensin-
converting enzyme-2 (ACE2) receptor expression and 
upregulation, pre-existing immunity to common coro-
naviruses, better control of viral replication, and fewer 
preexisting comorbidities.16–22

In  the  current study, a  moderate-to-severe disease 
course was seen in 13.7% of the COVID-19 (+) cases. Al-
though a mild COVID-19 disease course has so far been 
the most common among children, a moderate-to-severe 
disease course has been reported in between 9.1% and 
33.3% of cases.13,23 These were mostly comprised of hos-
pitalized patients, which account for 2.3–18.2% of  all 
confirmed pediatric COVID-19 cases.4,7,24 Therefore, 
correctly identifying patients with a moderate-to-severe 
COVID-19 course is essential for healthcare profession-
als to perform appropriate management and treatment. 
In the current study, we found that higher age was an in-
dependent risk factor for moderate-to-severe COVID-19. 
Consistent with our results, differences in ACE2 expres-
sion during puberty and other age-related factors have 

been reported to have an important effect on the severity 
of COVID-19.16–22

Moreover, the current study revealed that high fibrino-
gen levels were an independent predictor of moderate-
to-severe COVID-19 course. Fibrinogen concentrations 
can increase in  a  setting of  injury, inflammation and 
infection.25 High fibrinogen levels have been associated 
with a moderate-to-severe disease course in children.26 
In a meta-analysis by Nugroho et al., a high fibrinogen level 
on admission was found in patients with a severe disease 
course.27 Patients who had high fibrinogen levels (>4 g/L) 
were more commonly treated in an intensive care unit 
(ICU) than in a general ward compared to adult COVID-19 
cases.28 Moreover, Bi et al. found that fibrinogen levels 
were higher in individuals with severe illness.29 In children, 
fibrinogen level may be a useful tool to predict severity. 
However, the cutoff point for this parameter has not been 
well-defined in children.23

The  correct identification of  patients with a  high 
suspicion of  infection by SARS-CoV-2 will be an  im-
portant tool for physicians in determining which pa-
tients should be prioritized for further testing. Some 
researchers have developed predictive models for 
the diagnosis of COVID-19 to be used in settings where 
diagnostic tests may not be available to  first-contact 
physicians.30–32 In the current study, there was a strong 
association between higher age and the rate of positive 
test results in the model. Murillo-Zamora et al. found 
that age of 13–15 years was associated with a twofold 
increase in the odds of testing positive for SARS-CoV-2.33 
These results support the  finding that younger chil-
dren (<10 years) are protected (to  some extent) from 
SARS-CoV-2 infection by the possible reason of changes 
in ACE2 expression and activity in puberty.16,34 Among 
the significant symptoms, there was an association be-
tween headache and having at least 2 episodes of fever, 
cough or shortness of breath and COVID-19 infection. 
Mutiawati et al. revealed that headache was approxi-
mately twice more common in COVID-19 patients than 
in non-COVID-19 patients (with other viral infections).35 
We found that contact history was the major predic-
tor and accounted for the highest increase in the rate 
of COVID-19 diagnosis, in line with several other stud-
ies.36–38 Moreover, in  the current study, experiencing 
at least 2 episodes of fever, cough and shortness of breath 

Table 5. Predictive efficacies of fibrinogen for moderate-to-severe COVID-19 course

Parameter AUC (95% CI) p-value Cutoff 
value

Sensitivity 
(95% CI)

Specificity 
(95% CI) PPV (95% CI) NPV (95% CI) LR (+) (95% CI) LR (−) (95% CI)

Fibrinogen 
[mg/dL]

0.695
(0.599–0.792)

<0.001 333.5
40.32

(28.05–53.55)
86.36

(79.31–91.71)
58.14

(45.09–70.14)
75.50

(71.29–79.26)
2.96

(1.75–5.00)
0.69

(0.56–0.86)

– – – 370.5
53.12

(34.74–70.91)
83.95

(77.37–89.24)
39.53

(28.81–51.37)
90.07

(86.17–92.95)
3.31

(2.05–5.35)
0.56

(0.38–0.81)

AUC – area under curve; COVID-19 – coronavirus disease 2019; LR (+) – positive like hood ratio; LR (−) – negative like hood ratio; NPV – negative predictive 
value; PPV – positive predictive value; 95% CI – 95% confidence interval.
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was significantly associated with SARS-CoV-2 positivity, 
similarly to previous reports.39,40

Abnormal laboratory findings such as lymphopenia, leu-
kopenia, thrombocytopenia, and elevated inflammatory 
markers (CRP and procalcitonin) were found in this cohort 
of pediatric COVID-19 patients, which was consistent with 
the literature.9,41,42 It was found that a lymphocyte count 
below 1500/mm3 and a neutrophil count below 4000/mm3 
were independent predictors of SARS-CoV-2 PCR positiv-
ity. Lower leukocyte, neutrophil, lymphocyte, and platelet 
counts were seen in cases of COVID-19 pneumonia com-
pared to cases of non-COVID-19 pneumonia.43 In addition, 
some studies showed that low lymphocyte counts were 
independent predictors of SARS-CoV-2 infections.44,45 
The SARS-CoV-2 RT-qPCR assay is considered the gold 
standard test for COVID-19.46 Nonetheless, determining 
the predictors of COVID-19 infection and correctly identi-
fying patients with a high suspicion of infection by SARS-
CoV-2 are essential for emergency service practitioners 
before RT-qPCR results are available. Finally, including 
the symptoms and laboratory findings significantly as-
sociated with SARS-CoV-2 infection in a predictive model 
will allow for a faster and more accurate final diagnosis.

Limitations of the study

There were several limitations to  this study. We en-
rolled all consecutive patients who had undergone a test, 
so the subgroups were not equal in size. Furthermore, this 
was a single-center study and it retrospectively evaluated 
children who had been admitted to the hospital.

However, our study group comprised a significant num-
ber of symptomatic patients, which means that the findings 
and inferences are relevant. The relatively large number 
of COVID-19 (+) patients (n = 322) in our cohort allowed 
us to report on the descriptive, clinical and laboratory 
features of COVID-19 among children. The large num-
ber of pediatric cases enrolled and the use of RT-qPCR 
as a gold standard for SARS-CoV-2 diagnosis of clinical 
specimens are strengths of this study.

Conclusions

Determining the factors associated with diagnosis and 
clinical severity are important for childhood COVID-19 
cases. The current study sheds light on the absence of spec-
ificity regarding the severity of disease and symptoms 
in children with and without COVID-19. Symptomatology, 
whether alone or in combination with other approaches, 
may be an appropriate strategy to use in an emergency 
department setting to guide the diagnosis and manage-
ment of the disease. While our models do not justify pre-
sumptive SARS-CoV-2 diagnosis without an RT-qPCR as-
say, they can contribute to developing further screening 
strategies.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.7827579. The package contains 
the following files:

Supplementary Table 1. Radiological characteristics 
of all COVID-19 (+) cases.
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Abstract
Background. The viral spike (S) protein and host ACE2 and TMPRSS2 genetic variations may act as a barrier 
to viral infections or determine susceptibility to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections.

Objectives. We investigated the relationship between the expression patterns and polymorphisms 
of the ACE2 and TMPRSS2 receptor genes associated with coronavirus disease 2019 (COVID-19) and the clini-
cal course of SARS-CoV-2 infections.

Materials and methods. We examined 147 COVID-19 patients (41 asymptomatic, 53 symptomatic and 
53 cases treated in the intensive care unit (ICU)) and 33 healthy controls. The ACE2 and TMPRSS2 expression 
was determined using the One-Run RT-qPCR kit. Genotypic distributions of single nucleotide polymorphisms 
(SNPs) of ACE2 and TMPRSS2 were obtained using reverse transcription quantitative polymerase chain reac-
tion (RT-qPCR).

Results. The expressions of ACE2 and TMPRSS2 were different between SARS-CoV-2-positive and -negative 
groups. The ACE2 rs714205GG genotype and G-allele showed significant differences in the asymptomatic SARS-
CoV-2-positive group. A significant correlation was found between the expression of TMPRSS2 rs8134378GA, 
rs2070788GA, rs7364083GA, and rs9974589AC genotypes and SARS-CoV-2 positivity. The rs1978124 C-
allele and rs8134378 A-allele expressions were significant in the symptomatic SARS-CoV-2-positive group. 
The TMPRSS2 rs2070788GA expression was different in all patient groups compared to the control group. 
There was a difference between SARS-CoV-2-positive and -negative groups regarding the CTTA haplotype 
formed by ACE2 variants. The AGCAG and AGAAG haplotypes formed by the TMPRSS2 variants were more 
common in the asymptomatic patient group than in other patient groups.

Conclusions. Identifying the relationship between host genetic variants and COVID-19 susceptibility will 
contribute to further studies, enabling new vaccines and potential therapeutic approaches to be discovered.

Key words: single nucleotide polymorphisms, expressions, COVID-19, ACE2 gene, TMPRSS2 gene
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Background

The new type of  severe acute respiratory syndrome 
(SARS) caused by  coronavirus (CoV)-2 (2019-nCoV/
SARS-CoV-2) led to a  life-threatening coronavirus dis-
ease 2019 (COVID-19) pandemic all over the world, re-
sulting in multiple organ failure, immune reactions and 
septic shock.1,2 The effect of variations on susceptibility 
to SARS-CoV-2 infections and the severity of symptoms 
in certain populations have recently been one of the most 
emphasized areas, and it is thought that these variations 
may be an important factor in determining susceptibil-
ity to infections and severity of the disease.3 The entry 
of  SARS-CoV-2 into target cells takes place through 
the binding of the S1 unit of the viral spike (S) protein 
to the angiotensin-converting enzyme 2 (ACE2) surface 
receptors of the target cell, then cleaving the S1-S2 unit 
of  the S protein through the transmembrane protease 
serine 2 (TMPRSS2) receptor, and facilitating the en-
try of the virus into the cell through membrane fusion 
of  the  unit containing S2.3–5 Virus receptor binding 
is an important first step in viral infection.5 Therefore, 
it  is  thought that variations may affect the expression 
patterns in host ACE2 and TMPRSS2 receptor genes, and 
the viral S protein may act as a barrier for viral infection 
and may determine the susceptibility to COVID-19 infec-
tions, affecting the course of the disease.4,6–9

The ACE2 gene localized on chromosome Xp22 is ex-
pressed in tissues such as the colon and lung, but is more 
dominant in the heart, kidney and testicles. In addition 
to the predominance of respiratory system symptoms dur-
ing infection, the development of complications, mostly 
in the heart and lungs, is explained by the abundant ex-
pression of the gene on type 2 pneumocytes, especially 
in the lungs.7,9–11 Clinical studies have shown that ACE1/
ACE2 polymorphisms are associated with a risk for car-
diovascular and pulmonary diseases.8,12 Therefore, the co-
existence of hereditary predispositions or common gene 
polymorphisms affecting the expression of ACE1/ACE2 
genes may cause increased capillary permeability in al-
veolar cells, coagulation, fibrosis, apoptosis, acceleration 
of lung damage, and pulmonary failure. Thus, although 
it is not always a rule, SARS-CoV-2 infections can be ex-
perienced much more severely in patients with existing 
chronic diseases.13

The ACE2 is a polymorphic gene in the human genome 
with approx. 140 single nucleotide polymorphism (SNP) 
loci, some of which are associated with COVID-19.5 In pre-
vious studies, special attention was drawn to rs2285666 
(G8790A), which is in the 3rd intron of the ACE2 and af-
fects the expression of  the gene with alternative splic-
ing. It has been suggested that rs1978124 at intron 1 and 
rs714205 SNPs at  intron 16 of  the gene show a  strong 
linkage disequilibrium with rs2285666. It has been stated 
that the rs73635825 variant causes significant differences 
in intermolecular interactions between the receptor and 

S protein.5,9,11 Additionally, polymorphisms in the TM
PRSS2 gene localized at 21q22.3 may have greater im-
portance in society in terms of the spread of  influenza 
A and coronavirus infections. In this context, it has been 
stated that some SNPs in the TMPRSS2 gene have func-
tional significance by affecting the expression of the gene 
in genome-wide association studies.14,15 Single nucleotide 
polymorphisms affecting proinflammatory and anti-in-
flammatory cytokine levels in cytokine genes have been 
indicated in the development of the “cytokine storm” in se-
vere COVID-19 infection.16,17

Objectives

The genetic differences observed in ACE2 and TMRPSS2 
receptors, which play a role in the attachment of the virus 
to host cells, are important for the susceptibility of indi-
viduals to infection, and some SNPs in the ACE2 may affect 
the susceptibility to SARS-CoV-2 infections by creating 
a predisposition for hypertension and other cardiovascular 
diseases.18 Therefore, in our study, we aimed to determine 
the expression levels of ACE2 and TMPRSS2 in Turkish 
patients with SARS-CoV-2 infection, as well as the rela-
tionship between some common SNPs in these genes and 
the clinical course of the COVID-19 infection.

Materials and methods

Subjects

Individuals presenting to our hospital between Decem-
ber 2020 and May 2021 due to infection or contact with in-
dividuals infected with SARS-CoV-2, and who were tested 
for COVID-19 using the real-time polymerase chain reac-
tion (PCR) method from a nasal-throat swab at the Gazi 
University (Ankara, Turkey) were included in this study.

Our case-control study followed the  principles 
of the Declaration of Helsinki and was approved by the Gazi 
University Faculty of Medicine Clinical Research Ethics 
Committee (approval No. 2020-611).

The  power analysis was conducted using G*Power 
v. 3.1.9.7 software (https://g-power.apponic.com/) to deter-
mine the minimum sample size required to test the study 
hypothesis. Results indicated that the required total sam-
ple size (power = 0.80, α = 0.05, effect size = 0.25) was 180. 
The eta squared (η2) was used to determine the effect size.

The participant flow diagram for the study is shown 
in  Fig. 1. The  individuals included in  the  study were 
grouped as follows:

Group 1: Asymptomatic patients who were found to be 
positive for SARS-CoV-2 (n = 41);

Group 2: Symptomatic patients who were found to be 
positive for SARS-CoV-2 and did not require treatment 
in the intensive care unit (ICU) (n = 53);

https://g-power.apponic.com/
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Group 3: Symptomatic patients who were found to be 
positive for SARS-CoV-2 and treated in the ICU (n = 53);

Group 4: Control group – individuals who had a history 
of contact with individuals determined to be SARS-CoV-
2-positive, who were found to be SARS-CoV-2 negative 
(n = 33).

Peripheral venous blood samples of each patient who 
agreed to participate in the study had been stored in 4-mil-
liliter ethylenediaminetetraacetic acid (EDTA) tubes 
at −80°C until the beginning of the study.

RNA extraction and reverse transcription 
quantitative PCR (RT-qPCR)

Total RNA was extracted from the peripheral venous 
blood samples using the NucleoSpin® RNA Blood kit (Ma-
cherey-Nagel GmbH & Co. KG, Düren, Germany), follow-
ing the manufacturer’s protocols. The concentration and 
quality of total RNA were assessed spectrophotometrically 
at 260 nm absorbance (NanoDrop 1000 Spectrophotom-
eter; Thermo Fisher Scientific, Waltham, USA). We used 
the NCBI Primer-BLAST designing tool for primer de-
sign (https://www.ncbi.nlm.nih.gov/tools/primer-blast/). 
In primer design, care was taken to ensure that almost all 
primers had a similar melting temperature, and primers 
with prominent hairpins, homodimers or heterodimers 
were excluded.19 The ACE2 and TMPRSS2 expressions 
were determined using the One-Run RT-qPCR kit (cata-
log No. 18R-01-100; SNP Biotechnology, Ankara, Turkey), 

together with the specific primers for ACE2 and TMPRSS2 
from the total RNA using the CFX96 Thermocycler (Bio-
Rad, Hercules, USA). The sequences of oligonucleotides 
used for the RNA isolations of ACE2 and TMPRSS2 genes 
are given in Table 1. The expressions of ACE2 and TM
PRSS2 were determined after RT-qPCR consisting of 50 cy-
cles of 8 min at 42°C, 1 s at 96°C and 25 s at 60°C were 
normalized to the βactin gene as a control. Each real-time 
PCR reaction was performed in duplicate. The gene ex-
pressions were analyzed using the Gene Study software 
(CFX96; Bio-Rad).

Genomic DNA extraction 
and determination of SNPs

After obtaining genomic DNA from the 100 µL of pe-
ripheral venous blood of the SARS-CoV-2-positive pa-
tient groups and control group using the  DNA isola-
tion kit (SNP Biotechnology), the genotype and allele 
distributions of rs714205, rs73635825, rs2285666, and 
rs1978124 in ACE2, and rs8134378, rs2070788, rs7364083, 
rs13052975, and rs9974589 in TMPRSS2 were investigated 
using real-time PCR (CFX96; Bio-Rad), and haplotype 
analyzes were performed. The RT-qPCR mixture used 
per sample was prepared with 1.25 µL of primer/probe, 
12.5 µL of TaqMan 2x PCR Mix, 9.375 µL of RNAse-free 
water, and 1.875 µL of template DNA with a total reaction 
volume of 25 µL, following the manufacturer’s recom-
mendations. While PCR amplification was performed, 

Fig. 1. CONSORT 
2010 flow 
diagram

SARS-CoV-2 
– severe acute 
respiratory 
syndrome 
coronavirus 2.

Assessed for eligibility
(n = 210)

Excluded (n = 11)
• not meeting inclusion criteria (n = 5)
• declined to participate (n = 6)

Analyzed (n = 147)

Lost to follow-up (a low DNA yield 
during DNA extraction) (n = 13)

Allocated to intervention (n = 160)
(SARS-CoV-2-positive group)

Lost to follow-up (a low DNA yield
during DNA extraction) (n = 6)

Allocated to intervention (n = 39)
(SARS-CoV-2-negative group = control)

Analyzed (n = 33)

Allocation

Analysis

Follow-up

Randomized (n = 199)

https://www.ncbi.nlm.nih.gov/tools/primer-blast/


E. Tug et al. ACE2 and TMPRSS2 expression polymorphisms42

the genotypes were determined according to the high-
resolution melting curve analysis by the glow of the fluo-
rescent dye used (EvaGreen; Metabion, Martinsried, Ger-
many). The genotyping was made according to the melting 
temperature (Tm) of double-stranded DNA, which was 
denatured during PCR by  increasing the  temperature 
and the presence of DNA binding dye. Homozygous and 
heterozygous mutations cause the Tm to shift compared 
to a wild-type sample.19

Statistical analyses

The statistical analysis of the data obtained at the end 
of the study was performed using the IBM SPSS v. 20 soft-
ware (IBM Corp., Armonk, USA). Parametric variables 
were expressed as mean and standard deviation (M ±SD). 
The η2 was used to determine the effect size. To determine 
the differences between ACE2 and TMPRSS2 expression 
levels in the SARS-CoV-2-positive and -negative groups, 
we performed t-tests with Bonferroni correction (Supple-
mentary Table 1). We also compared ACE2 and TMPRSS2 
expression levels between the subgroups (asymptomatic 
patients, symptomatic patients, ICU-treated patients, and 
controls). As a result of the groups not being normally 
distributed, the Kruskal–Wallis test was used to compare 
the expression levels between the subgroups (Supplemen-
tary Tables 2 and 3). There were statistically significant dif-
ferences between the subgroups. The homogeneity of vari-
ance was examined using Levene’s test. Variances were 
not assumed equal; thus, a post hoc Dunn’s test was used 

to perform pairwise comparisons (Supplementary Table 4). 
The Hardy–Weinberg balance for the distributions of gen-
otypes was calculated using the χ2 test. A p-value <0.05 was 
considered statistically significant. The odds ratio (OR) 
and corresponding 95% confidence interval (95% CI) val-
ues were analyzed using multiple logistic regression tests 
in order to estimate the association of genotypes, allele 
frequencies and other variables with the occurrence and 
severity of COVID-19. Moreover, the correlation between 
COVID-19 and risk factors such as comorbidities, age, 
gender, ACE2, and TMPRSS2 expressions was analyzed 
with a multinomial logistic regression model (Supplemen-
tary Table 5).

Results

The  demographic data of  study groups are shown 
in Table 2. The multinomial logistic regression results 
of independent variables affecting COVID-19 severity are 
presented in Supplementary Table 6.

ACE2 and TMPRSS2 expression

The ACE2 expression was determined as 1.34 ±0.14 
(M ±SD) in the control group and 21.58 ±4.12 in the SARS-
CoV-2-positive group, with a statistical difference between 
the groups (p = 0.001). The TMPRSS2 expression was 
determined as 1.20 ±0.15 and 132 ±41.61 in the SARS-
CoV-2-positive and -negative groups, respectively, and 

Table 1. Sequences of oligonucleotides used in the multiplex polymerase chain reaction (PCR) assay for RNA isolation of the ACE2 and TMPRSS2 genes

Oligonucleotide name Sequence

ACTB forward 5’-CCCAGCACAATGAAGATCAAGATC-3’

ACTB reverse 5’-GGGTGTAACGCAACTAAGTCATAGTC-3’

ACTB molecular beacon 5’-FAM-AGATCATTGCTCCTCCTGAGCGCAAG-3’

ACE2 forward 5’-GATCAGAGATCGGAAGAAGAAAAATAAAGC-3’

ACE2 reverse 5’-CTAAAAGGAGGTCTGAACATCATCAGTG-3’

ACE2 molecular beacon 5’-FAM-AGAAAATCCTTATGCCTCCATCGATATTAGC-3’

TMPRSS2 forward 5’-GAATGTGATGGTATTCACGGACTG-3’

TMPRSS2 reverse 5’-CTTGTAAAACGACGTCAAGGACGAAG-3’

TMPRSS2 molecular beacon 5’-TCGACAAATGAGGGCAGACGGCTAATC-3’

ACTB – human B-actin gene; ACE2 – angiotensin-converting enzyme 2 gene; FAM – fluorescein; TMPRSS2 – transmembrane protease serine 2 gene.

Table 2. Demographic data of the study groups

Demographic and 
comorbidity data

Controls  
(n = 33)

Asymptomatic patients 
(n = 41)

Symptomatic patients 
(n = 53)

ICU-treated patients 
(n = 53)

Gender, n (%)
female 16 (48.5) 20 (48.8) 28 (52.8) 26 (49)

male 17 (51.5) 21 (51.2) 25 (47.2) 27 (51)

Age (M ±SD) 41.72 ±8.16 42.65 ±10.91 42.52 ±9.66 67.15 ±15.35

Comorbid disease*, n (%) – 3 (7.3) 7 (13.2) 45 (84.9)

* comorbid diseases: hypertension, cardiovascular diseases, diabetes mellitus, chronic lung diseases, kidney diseases, liver diseases, and malignancies; 
ICU – intensive care unit; M ±SD – mean ± standard deviation. 
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a significant difference was found between the 2 groups 
(p = 0.002; Fig. 2).

The  ACE2 and TMPRSS2 expressions were higher 
in the ICU-treated patient group compared to the control 
group (p = 0.001). Although ACE2 and TMPRSS2 expres-
sions were higher in the asymptomatic and symptomatic 
patient groups compared to the control group, a significant 
difference was only observed between the symptomatic pa-
tient group and the control group (p = 0.013 and p = 0.041, 
respectively). The ACE2 and TMPRSS2 expressions were 
also higher in the ICU-treated patient group compared 
to the other patient groups (p = 0.001 and p = 0.001 for 
the ACE2 gene, respectively; p = 0.020 and p = 0.002 for 

the TMPRSS2 gene, respectively). There was no differ-
ence between the asymptomatic and symptomatic pa-
tient groups in terms of ACE2 and TMPRSS2 expression 
(p = 0.456 and p = 0.953, respectively; Fig. 3).

In the study groups, ACE2 and TMPRSS2 expressions 
did not differ according to gender (p > 0.05). There was 
no significant difference in  terms of  clinical severity 
of  the  disease according to  gender among the  patient 
groups (p = 0.956 and p = 0.458 respectively).

The mean age was higher in the SARS-CoV-2-positive 
patient group who were treated in  the  ICU compared 
to the other patient and control groups (p = 0.001). Also, 
there was a significant difference between the clinical 

Fig. 2. ACE2 (A) and TMPRSS2 (B) 
expression levels in the severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV-2)-positive patient group 
and the control group (**p < 0.05); t-test 
(t = 4.899 for the ACE2 and 3.165 for 
the TMPRSS2)

Fig. 3. ACE2 (A) and TMPRSS2 (B) 
expression levels in study groups 
(**p < 0.05); Kruskal–Wallis test (degrees 
of freedom (df) = 3 for the ACE2 and 
TMPRSS2)

ICU – intensive care unit; COVID-19 
– coronavirus disease 2019.

ACE2 Control
group SARS

Maximum 6.26 260.52

Q3 1.69 11.53

Median 0.94 3.05

Q1 0.62 1.07

Minimum 0.31 0.12

TMPRSS2 Control
group SARS

Maximum 7.64 3460.97

Q3 1.19 25.73

Median 0.67 4.24

Q1 0.19 1.18

Minimum 0.07 0.13

SARS-CoV-2-
-negative group
(control group)

SARS-CoV-2-
-negative group
(control group)

SARS-CoV-2-
-positive group 

SARS-CoV-2-
-positive group 

ACE2 Group 1 Group 2 Group 3 Group 4
Maximum 6.26 118.59 175.20 260.52

Q3 1.69 5.47 3.06 60.63

Median 0.94 1.39 1.26 11.54

Q1 0.62 0.90 0.77 4.15

Minimum 0.31 0.12 0.25 1.52

TMPRSS2 Group 1 Group 2 Group 3 Group 4
Maximum 7.64 727.90 207.35 3460.97

Q3 1.19 11.40 12.67 141.17

Median 0.67 1.22 4.34 5.65

Q1 0.19 0.77 2.44 0.68

Minimum 0.07 0.13 0.93 0.19

1. Control group patients with COVID-19 
2. Asymptomatic patients with COVID-19 
3. Symptomatic patients with COVID-19 
4. COVID-19 patients treated in the ICU 



E. Tug et al. ACE2 and TMPRSS2 expression polymorphisms44

course of infection and age in the SARS-CoV-2-positive 
patient groups (p = 0.001). To determine the  relation-
ship between patient age and ACE2 and TMPRSS2 ex-
pressions, the patients were divided into 3 different age 
groups: 20–40 years, 40–60 years and over 60 years of age. 
The ACE2 expression in the over 60 years of age patient 
group was higher than in the 2 other age groups (p = 0.004 
and p = 0.039, respectively). The TMPRSS2 expression was 
higher in patients over 60 years of age compared to patients 
aged 20–40 years (p = 0.049), but not different from pa-
tients aged 40–60 years (p = 0.415).

The presence of comorbid diseases was more common 
in those treated in the ICU than in the other patient groups 
(p = 0.001). It was determined that ACE2 and TMPRSS2 
expression levels increased in  the  presence of  comor-
bid diseases in the SARS-CoV-2-positive patient group 
(p = 0.001 and p = 0.02, respectively). There was no dif-
ference between ACE2 and TMPRSS2 expressions and 
the presence of comorbid diseases in the asymptomatic 
and symptomatic patient groups (p = 0.795 and p = 0.311 
for the ACE2 gene, respectively; p = 0.469 and p = 0.302 
for the TMPRSS2 gene, respectively). Higher ACE2 and 
TMPRSS2 expression levels were detected in the presence 
of comorbid diseases in the ICU-treated patient group 
(p = 0.019 and p = 0.018, respectively).

ACE2 and TMPRSS2 SNPs

The sum of the genotypes obtained for each of the ACE2 
and TMPRSS2 SNPs in our study groups was equal to 1, and 
the genotype and allele distributions were in the Hardy–
Weinberg equilibrium. The genotype and allele distribu-
tions of ACE2 SNPs were similar in the SARS-CoV-2-pos-
itive and -negative groups (p > 0.05; p-values are given 
in Table 3). When the genotype and allele distributions 
of TMPRSS2 polymorphisms were examined, the expres-
sions of rs2070788GA, rs7364083GA and rs9974589AC 
genotypes were higher in the SARS-CoV-2-positive group 
(p-values = 0.001, 0.036 and 0.024, respectively) compared 
to the control group (Table 3).

Although the rs714205GG genotype was more common 
in asymptomatic, symptomatic and ICU-treated patients 
than in the control group, a statistical difference was observed 
only in the asymptomatic patient group (p = 0.049). Similarly, 
the expression of rs714205 G-allele was found to be higher 
in the asymptomatic patient group (p = 0.032). In the symp-
tomatic patient group, the expressions of rs1978124 C-allele, 
rs8134378GA genotype and A-allele were statistically dif-
ferent compared to the other patient and control groups 
(p = 0.032, 0.014 and 0.006, respectively). The expression 
of rs2070788GA genotype was different in all groups com-
pared to the control group (p = 0.039, 0.001 and 0.001, respec-
tively). The expressions of rs7364083GA and rs9974589AC 
genotypes were statistically different in the symptomatic 
patient group compared to the other patient and control 
groups (p = 0.003 and 0.005, respectively; Table 4).

No significant relationship was found between SNPs 
investigated in our study and ACE2 and TMPRSS2 expres-
sion levels (p > 0.05).

The multinomial logistic regression results of indepen-
dent variables affecting genotypic distribution are shown 
in Supplementary Table 7.

ACE2 and TMPRSS2 haplotype frequencies

Based on  the  CCTA haplotype formed by  the  wild-
type alleles of ACE2 variants, 9 and 8 haplotypes with 
frequencies above 5% were detected in the patient and 
control groups, respectively. The CCTA haplotype was 
the highest in the SARS-CoV-2-positive patient group, and 
the CCTA and CCCA haplotypes were similar in the con-
trol group. While the CTTA haplotype showed a statisti-
cal difference between the SARS-CoV-2-positive patient 
group and the control group (p = 0.02), there was no dif-
ference between the SARS-CoV-2-positive patient groups 
in terms of ACE2 haplotype frequencies (p > 0.05; p-values 
are given in Table 5). Thirty haplotypes were identified 
in the SARS-CoV-2-positive patient groups with TMPRSS2 
variants, 16  haplotypes were identified in  the  control 
group, and GGAGG consisting of wild-type alleles was 
taken as the reference haplotype. There was no statisti-
cal difference between the SARS-CoV-2-positive patient 
and control groups in terms of haplotype distributions 
(p > 0.05; p-values are given in Table 6).

In  the  SARS-CoV-2-positive asymptomatic patient 
group, AGCAG and AGAAG haplotypes had a higher fre-
quency than those in the other patient groups (symptom-
atic and ICU-treated, p = 0.03 and p = 0.01, respectively).

Discussion

Variations in  the nucleotide sequences of  the 2 host 
genes, ACE2 and TMPRSS2, indispensable in the intro-
duction of coronavirus into host cells, may alter the ex-
pression and functionality of these proteins.20 Although 
recent studies have attempted to associate these variants 
with susceptibility to SARS-CoV-2 infections,5,21,22 there 
is not yet sufficient evidence that rare variants in ACE2 
can modulate susceptibility to SARS-CoV-2 infections. 
However, TMPRSS2, which plays a role in the proteolytic 
cleavage of the SARS-CoV-2 S proteins and thus facilitates 
the entry of the virus into the host cell, contains many vari-
ants of different frequencies among human populations.20 
Therefore, the relationship between the risk and suscep-
tibility of SARS-CoV-2 infections and different polymor-
phisms of ACE2 and TMPRSS2 and expression levels was 
investigated in COVID-19 patients and a control group. 
According to our results, ACE2 and TMPRSS2 expressions 
were significantly increased in the SARS-CoV-2-positive 
patient group compared to the control group, and the ex-
pressions of  the genes were higher in  the  ICU-treated 
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Table 3. Genotype and allele distribution of ACE2 and TMPRSS2 polymorphisms in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-positive 
and -negative groups

dbSNP ID SARS-CoV-2-negative* (n = 33) SARS-CoV-2-positive (n = 147) OR 95% CI df p-value

rs714205

genotype

CC 24 98 1 reference – –

CG 6 18 0.735 0.263–2.050 1 0.556

GG 3 31 2.531 0.713–8.978 1 0.151

allele
C 54 214 1 reference – –

G 12 80 1.714 0.872–3.372 1 0.118

rs73635825

genotype

AA 32 146 1 reference – –

AG 1 1 0.219 0.013–3.597 1 0.288

GG 0 0 – – – –

allele
A 65 293 1 reference – –

G 1 1 0.221 0.014–3.581 1 0.288

rs2285666

genotype

CC 22 98 1 reference – –

CT 5 17 0.763 0.254–2.291 1 0.630

TT 6 32 1.197 0.446–3.212 1 0.721

allele
C 49 213 1 reference – –

T 17 81 1.096 0.597–2.014 1 0.767

rs1978124

genotype

TT 13 74 1 reference – –

CT 8 28 0.615 0.230–1.642 1 0.332

CC 12 45 0.659 0.277–1.569 1 0.346

allele
T 34 176 1 reference – –

C 32 118 0.712 0.417–1.218 1 0.215

rs8134378

genotype

GG 29 107 1 reference – –

GA 4 37 2.507 0.826–7.609 1 0.105

AA 0 3 – – – –

allele
G 62 251 1 reference – –

A 4 43 2.655 0.919–7.677 1 0.071

rs2070788

genotype

GG 11 32 1 reference – –

GA 4 72 7.535 2.39–23.734 1 0.001

AA 18 43 1.218 0.506–2.932 1 0.660

allele
G 26 136 1 reference – –

A 40 158 1.324 0.768–2.282 1 0.312

rs7364083

genotype

GG 6 22 1 reference – –

GA 12 83 2.470 0.106–5.750 1 0.036

AA 15 42 1.310 0.446–3.849 1 0.624

allele
G 24 127 1 reference – –

A 42 167 1.320 0.760–2.294 1 0.324

rs13052975

genotype

GG 23 98 1 reference – –

GA 8 45 1.320 0.548–3.178 1 0.535

AA 2 4 0.469 0.081–2.720 1 0.399

allele
G 54 241 1 reference – –

A 12 53 0.990 0.495–1.978 1 0.976

rs9974589

genotype

AA 6 28 1 reference – –

AC 12 81 2.664 1.137–6.242 1 0.024

CC 15 38 1.842 0.635–5.345 – 0.261

allele
A 24 137 1 reference – –

C 42 157 1.527 0.880–2.650 1 0.132

* individuals who had a history of contact with individuals determined to be SARS-CoV-2-positive, who were found to be SARS-CoV-2-negative using 
polymerase chain reaction (PCR), and who were not infected with SARS-CoV-2 (control group). OR – odds ratio; 95% CI – 95% confidence interval; 
df – degrees of freedom; dbSNP – Single Nucleotide Polymorphism Database. Values in bold indicate statistical significance.
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group compared to the asymptomatic and symptomatic 
COVID-19 patient groups (Fig. 3). The data obtained from 
patients with a more severe clinical course of COVID-19 
support the claim that ACE2 and TMPRSS2 genes may be 
directly related to the severity of COVID-19. Especially 
since the ACE2 receptor is the target molecule for the entry 
of SARS-CoV-2 into cells, and the TMPRSS2 is the main 
protease facilitating the entry of SARS-CoV-2 into host 
cells, the increased expression of both genes indicates that 
these patients have more severe SARS-CoV-2 viremia. 
In other words, it can be said that there is a cause-effect re-
lationship. This important finding suggests that in the fu-
ture, inhibition strategies targeting ACE2 or TMPRSS2 

at the gene or receptor level may be developed and used 
as an antivirus and/or  therapeutic approach to reduce 
the entry of SARS-CoV-2 into host cells and minimize 
the mortality rate.

The localization of the ACE2 gene on the X chromo-
some leads to the fact that females are potentially het-
erozygous for the expression of this gene and males are 
hemizygous.23 Therefore, it is natural that there are dif-
ferences in ACE2 expression between males and females 
in theory, yet in practice and in our study, no difference 
was observed between the genders in terms of ACE2 ex-
pression. Although, it is argued that the reactions of fe-
males to  SARS-CoV-2 viremia may be different due 

Table 5. ACE2 rs714205 (C/G), rs2285666 (C/T), rs1978124 (T/C), and rs73635825 (A/G) haplotype frequencies in the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)-positive patient and control groups

Haplotype SARS-CoV-2-negative  
(n = 60), n (%)

SARS-CoV-2-positive 
(n = 225), n (%) OR 95% CI df p-value

CCTA 16 (26.6) 81 (36) 1 reference – –

CCCA 16 (26.6) 46 (20.4) 0.568 0.260–1.241 1 0.15

CTTA 7 (11.6) 10 (4.4) 0.282 0.093–0.852 1 0.02

GTTA 6 (10) 27 (12) 0.889 0.316–2.501 1 0.82

GTCA 5 (8.3) 31 (13.7) 1.225 0.413–3.629 1 0.71

GCTA 4 (6.6) 11 (4.8) 0.543 0.154–1.922 1 0.34

GCCA 3 (5) 9 (4) 0.593 0.144–2.433 1 0.46

CTCA 3 (5) 10 (4.4) 0.658 0.163–2.663 1 0.55

CCTG 0 (0) 1 (0.4) – – – –

OR – odds ratio; 95% CI – 95% confidence interval; df – degrees of freedom. Haplotypes are given according to the localization of microsatellite markers 
on the X chromosome. Values in bold indicate statistical significance.

Table 6. TMPRSS2 rs13052975 (G/A), rs2070788 (G/A), rs9974589 (A/C), rs7364083 (G/A), and rs8134378 (G/A) haplotype frequencies between severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2)-positive patient and control groups

Haplotype SARS-CoV-2-negative  
(n = 101), n (%)

SARS-CoV-2-positive  
(n = 818), n (%) OR 95% CI df p-value

GGAGG 14 (13.9) 95 (11.6) 1 reference – –

GACAG 21 (20.8) 106 (13.0) 0.744 0.358–1.545 1 0.42

GGAAG 7 (6.9) 81 (9.2) 1.705 0.657–4.429 1 0.27

GAAGG 7 (6.9) 68 (8.3) 1.432 0.549–3.736 1 0.46

GAAAG 7 (6.9) 74 (9.0) 1.558 0.598–4.056 1 0.36

GACGG 6 (5.9) 71 (8.7) 1.495 0.573–3.896 1 0.41

GGCGG 8 (7.9) 69 (8.4) 1.271 0.505–3.197 1 0.61

GGCAG 7 (6.9) 71 (8.7) 1.495 0.573–3.896 1 0.41

AACAG 6 (5.9) 46 (5.7) 1.130 0.408–3.130 1 0.81

AGAGG 5 (5.0) 24 (3.0) 0.707 0.232–2.157 1 0.54

AGCAG 2 (2.0) 12 (1.5) 0.884 0.179–4.374 1 0.88

AGCGG 3 (3.0) 16 (1.9) 0.786 0.203–3.046 1 0.72

AGAAG 3 (3.0) 13 (1.6) 0.639 0.161–2.526 1 0.52

GGAGA 3 (3.0) 34 (4.2) 1.670 0.452–6.172 1 0.44

GACAA 1 (1.0) 30 (3.7) 4.421 0.558–35.031 1 0.15

AACAA 1 (1.0) 8 (1.0) 1.179 0.137–10.154 1 0.88

OR – odds ratio; 95% CI – 95% confidence interval; df – degrees of freedom. Haplotypes are given according to the localization of microsatellite markers 
on the chromosome 21.
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to the localization of inflammation-related genes, includ-
ing innate and adaptive immune response-related genes 
on the X chromosome.24 The gender difference between 
females and males and the fact that males were hemizy-
gous in terms of ACE2 did not have any effect on the more 
severe course of COVID-19 in our study groups. Similarly, 
Alimoradi et al. showed that gender was not significantly 
associated with the severity and incidence of COVID-19.5 
The  mean age and the  presence of  comorbid diseases 
in COVID-19 patients in the ICU-treated group differed 
compared to the other groups in our study. The ACE2 
and TMPRSS2 expression levels were higher in the SARS-
CoV-2-positive patients over 60 years old. The ACE2 and 
TMPRSS2 expression levels were different in ICU-treated 
patients with comorbid diseases compared to those with-
out comorbid diseases.

Of the  ACE2 polymorphisms, only the  expression 
of rs714205GG genotype and G-allele showed a signifi-
cant difference in the SARS-CoV-2-positive asymptom-
atic group, suggesting that this variant may be associated 
with a lighter clinical course. In the SARS-CoV-2-positive 
symptomatic patient group, the expression of rs1978124 C-
allele was statistically different from other groups. Accord-
ing to this result, it can be concluded that the rs1978124 
C-allele is effective in the symptomatic course of infec-
tion. However, taking into account the patient’s immunity 
and comorbid diseases, such interpretation is appropri-
ate. In addition, other possibilities should be considered, 
such as gene–RNA interactions and epigenetic factors, 
where there may be other ACE2 polymorphisms or in-
teractions of different genes that may affect ACE2 re-
ceptor function. Möhlendick et al. reported that carriers 
of the ACE2 rs2285666GG genotype or G-allele have a two-
fold increased risk for SARS-CoV-2 infections compared 
to the AA genotype.9 This conclusion was also supported 
by Alimoradi et al.5 In our study, the rs2285666 G- and 
A-alleles were not found in the patient and control groups, 
and there was no difference between the groups in terms 
of the determined C- and T-alleles. However, this result 
does not reflect the whole population, and allele frequen-
cies may vary between populations. Therefore, the sus-
ceptibility of different ethnic groups to SARS-CoV-2 may 
vary in relation to different genotypes.

According to our results, the expression of TMPRSS2 
rs2070788GA, rs7364083GA and rs9974589AC genotypes 
showed significant differences in SARS-CoV-2-positive 
patients. Especially regarding the rs2070788GA genotype, 
there was a significant difference in all SARS-CoV-2-posi-
tive patient groups. Therefore, we believe that the presence 
of rs2070788GA is associated with SARS-CoV-2 sensitivity 
rather than the clinical course of COVID-19. The minor 
allele frequencies (MAFs) of rs7364083 and rs9974589 
differed in populations according to the genome aggrega-
tion database (gnomAD) (https://gnomad.broadinstitute.
org/). In our study groups, the frequency of variant alleles 
rs7364083 and rs9974589 was found to be higher, which 

is similar to the literature.25 Moreover, the rs7364083GA 
and rs9974589AC genotypes were higher in the SARS-
CoV-2-positive groups, and a statistical difference was 
observed only in the symptomatic patient group. Thus, 
the rs7364083GA and rs9974589AC genotypes may be 
associated with SARS-CoV-2 susceptibility and may 
correlate with the  clinical course of  COVID-19 infec-
tions. The rs8134378 A-allele, which differs significantly 
in SARS-CoV-2-positive symptomatic patients, may also 
be associated with infection sensitivity.

Previous studies have suggested that the ACE2 rs2285666 
A-allele is  associated with increased ACE2 expression 
in healthy individuals as well as in patients with diabetes 
and cerebral stroke.9,26 Gómez et al. declared that there was 
no difference in terms of ACE2 rs2285666 variants in CO-
VID-19 patients with mild and severe course of the disease, 
but this variant was associated with hypertension in the el-
derly population.12 In patients with multiple sclerosis who 
have a  SARS-CoV-2 infection, TMPRSS2 rs61735792 
and rs61735794 variants are reported to be associated 
with the severity of the infection.27 In our study, 13.2% 
of  the SARS-CoV-2-positive symptomatic patients and 
84.9% of the ICU-treated patients had at least 1 comorbid 
disease such as hypertension, cardiovascular disease, dia-
betes mellitus, chronic lung diseases, kidney diseases, liver 
diseases, and malignancies. In the SARS-CoV-2-positive 
patient groups with comorbid diseases, ACE2 and TM
PRSS2 expressions were higher. In the ICU-treated patient 
group, ACE2 and TMPRSS2 expression levels were higher 
in the presence of comorbid diseases. There was no rela-
tionship between the SNPs examined and ACE2 and TM
PRSS2 expression levels, but it should not be ignored that 
there may be other genetic factors, such as other intragenic 
variations, regulatory genes and epigenetic factors that may 
affect ACE2 and TMPRSS2 expression levels.

Gemmati et al. suggest a strong linkage disequilibrium 
between ACE2 rs1978124, rs714205 and rs2285666 vari-
ants.11 According to  our results, the  CTTA haplotype 
frequency formed with ACE2 variants in the SARS-CoV-
2-positive patient group was lower than in the control 
group. Therefore, the CTTA haplotype may be more re-
sistant to SARS-CoV-2 infections. In terms of the TM
PRSS2  haplotypes, although there was no difference 
between the  SARS-CoV-2-positive patient groups and 
the control group, AGCAG and AGAAG haplotypes were 
identified more frequently in the asymptomatic SARS-
CoV-2-positive patient group compared to the other pa-
tient groups. Therefore, these haplotypes may have a role 
in a milder course of COVID-19.

Martínez-Sanz et al. reported that ACE2 rs2106806 and 
rs6629110 variants may be responsible for SARS-CoV-2 
infection susceptibility in hospital staff not infected with 
SARS-CoV-2 and in hospitalized COVID-19 patients.18 
Similarly, Hou et al. stated that polymorphisms in ACE2 
and TMPRSS2 genes may be associated with genetic sus-
ceptibility to  COVID-19.4 Irham et  al. suggested that 

https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
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there is an increase in TMPRRS2 expression associated 
with rs464397, rs469390, rs2070788, and rs383510 varia-
tions in lung tissue, which is the major infection site for 
SARS-CoV-2, and this increase may affect infection sever-
ity as well as SARS-CoV-2 sensitivity.28 According to our 
study, the high frequency of the rs2070788GA genotype 
in the SARS-CoV-2-positive group and the increased TM
PRSS2 expression detected in the ICU-treated group sup-
port the view that TMPRSS2 variants affect the expression 
of the gene and increase the susceptibility to SARS-CoV-2 
infections. Irham et al. showed that there is a higher TM
PRSS2 expression in lung tissues in the rs2070788GG geno-
type.28 In our study, although there was no relationship 
between ACE2 and TMPRSS2 expressions and genotypes 
in the peripheral venous blood of the patient and control 
groups, it was not possible to evaluate ACE2 and TMPRSS2 
expressions in target tissues, especially the lungs.

Abdelsattar et al. reported that ACE2 rs2285666 and 
TMPRSS2 rs12329760 variants may be associated with 
COVID-19 disease severity.29 However, in our study, no 
finding reported the relationship between ACE2 rs2285666 
genotype and allele frequency with disease severity. Pandey 
et al. stated that SARS-CoV-2 host sensitivity in South 
Asian population is similar to the Western Eurasian popu-
lation, and this sensitivity is associated with the TMPRSS2 
gene.30 Thus, there is a significant relationship between 
rs2070788 G-allele and the  COVID-19 mortality rate. 
In our study, the frequency of the rs2070788GA genotype 
was also found to be high in the SARS-CoV-2-positive 
patient groups, especially in the symptomatic and ICU-
treated patients, but it was detected at a significantly dif-
ferent frequency from the control group. Therefore, we be-
lieve that this variant is associated with COVID-19 disease 
severity, but it is quite difficult to associate the TMPRSS2 
expression level with this variant alone, and it is more ap-
propriate to conduct multicenter studies from different 
populations to confirm this finding.

Hussain et  al. reported that ACE2 variants such 
as  rs73635825 and rs143936283 may create a  positive 
prognosis for COVID-19 course in  some individuals.6 
The ACE2 rs73635825 variant, which is quite rare, was 
found in only 1 patient in our study group, and no differ-
ence was observed between the groups.

It is suggested that there is no relationship between ACE2 
expression and variants and severity of COVID-19 and gen-
der in the Italian population. However, TMPRSS2 expres-
sion and variants differed according to gender and may be 
effective in the prognosis of the disease.24 According to our 
results, ACE2 and TMPRSS2 expressions, variants and 
the severity of infection did not differ between the genders 
in the SARS-CoV-2-positive patient and control groups. 
However, it would be more appropriate to support these 
results with similar studies in a larger study population.

Kim and Jeong reported that ACE2 rs2074192 and TM
PRSS2 rs2298659 showed a higher correlation compared 
to  other ACE2 and TMPRSS2 variants, while IFITM3 

rs6598045 was associated with COVID-19-related mortal-
ity rates.31 We found that ACE2 rs714205 may be effective 
in the milder clinical manifestation of COVID-19, and 
even ACE2 rs1978124 and TMPRSS2 rs8134378, rs2070788, 
rs7364083, and rs9974589 may be effective in varying 
degrees of symptomatic courses of COVID-19. We also 
demonstrated a  correlation between changes in  ACE2 
and TMPRSS2 expression levels and the clinical findings 
of COVID-19.

Conclusions

In conclusion, our study demonstrated that genetic fac-
tors of the host may affect the sensitivity and clinical course 
of COVID-19. Since SARS-CoV-2 is a new virus on which 
studies have been conducted for the last 2 years, it is a long 
process to define the genetic factors affecting infection 
sensitivity. Conducting studies aimed at determining ge-
netically-based prognostic factors that will enable the early 
detection of individuals at high risk who require urgent 
medical treatment for COVID-19 is even more important, 
especially during epidemic periods. Studies in different 
populations in which the number of patients, examined 
genes and polymorphisms are increased will provide more 
information about the genetic variations at the receptor 
level and host genetic characteristics that may be effective 
in the sensitivity and clinical course of COVID-19.

Limitations

The main limitation of our study is that ACE2 and TM
PRSS2 expression levels can only be studied in peripheral 
venous blood. We also observed a total of 9 SNPs in these 
2  genes. Moreover, the  possible role of  host genetics 
on SARS-CoV-2 vaccine efficacy was not evaluated. Future 
research should address the correlation between host ge-
netic factors and the response to the SARS-CoV-2 vaccine.

Conclusions

The data of our study shed light on the establishment 
of genetic biomarkers in the predetermination of suscep-
tible populations for COVID-19, the identification of new 
and effective drug targets for COVID-19 patients, and 
the development of new vaccines.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.7826506. The package contains 
the following files:

Supplementary Table 1. T-test (ACE2 and TMPRSS2 ex-
pression levels in the SARS-CoV-2-positive and negative 
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Supplementary Table 2. Normal distribution test (ACE2 
and TMPRSS2 expression levels between the subgroups 
(asymptomatic patient, symptomatic patient, ICU-treated, 
and control groups)).

Supplementary Table 3. Kruskal–Wallis test results.
Supplementary Table 4. Post hoc tests results.
Supplementary Table 5. Assumption checking results.
Supplementary Table 6. Multinomial logistic regression 

results of independent variables affecting COVID-19 dis-
ease severity.

Supplementary Table 7. Multinomial logistic regres-
sion results of independent variables affecting genotypic 
distribution.
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Abstract
Background. Dentistry is reported as a very-high-risk profession for COVID-19 contagion. A lack of face-
to-face education and poor information during the COVID-19 pandemic may have impacted dental students.

Objectives. We aimed to evaluate the effects of the COVID-19 pandemic on career plans and self-perception 
of knowledge levels in undergraduate dental students.

Materials and methods. In this multicenter cross-sectional study, a multiple-choice survey was completed 
by dental students of Near East University (NEU) in North Nicosia and University of Kyrenia (UoK) in the Turkish 
Republic of Northern Cyprus (TRNC), and Erciyes University (ERU) in Kayseri, Turkey, in 2020. The χ2 tests were 
used to determine statistically significant differences.

Results. Of the 755 students that participated in the study, 66% declared fear of being at risk for contagion. 
More than half of the students reported not having sufficient knowledge about occupational infections and 
methods for protection, and the percentages were significantly higher in female and preclinical students. 
Utilization of credible publications, guidelines (57% compared to 34%, p < 0.001) and online education (19% 
compared to 8%, p < 0.001) were significantly higher in students claiming to have adequate knowledge. Elev-
en percent of the students thought about dropping out of dental education because of the COVID-19 pandemic. 
These students exhibited a markedly increased fear of being at risk for contagion because of the COVID-19 
pandemic (80% compared to 64%, p = 0.011). Seventy-six percent of the students were aiming for a dental 
specialty. Eighteen percent changed their desired specialty, and 25% were in search of a specialty that they 
believed required fewer close contact procedures.

Conclusions. It is crucial to prepare students for the next possible outbreak using the knowledge gained 
during this pandemic by modifying the dental curriculum and providing credible information and psychologi-
cal support to guide dental students in building a healthy career path.

Key words: coronavirus, dental education, career choice, personal protective equipment, dental specialty
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Background

The COVID-19, which was first encountered in China 
in the last days of 2019 and became a pandemic after spread-
ing worldwide over several months, is caused by a virus that 
belongs to the coronavirus family. Because the infection 
is easily transmitted by close contact, many healthcare pro-
fessionals, such as doctors, dentists, nurses, and paramed-
ics, became a target for the disease. Dentistry is classified 
as a very high-exposure risk profession for COVID-19 due 
to the aerosol-generating procedures used in some dental 
procedures and examinations.1 At the beginning of the pan-
demic, the American Dental Association (ADA) suggested 
postponing treatment of all cases other than those requiring 
urgent or emergency procedures.2 As COVID-19 became 
better understood over time and dental practices resumed, 
it was reported that the number of infected dentists was ex-
tremely low, despite the high contagion risk.3,4 Nevertheless, 
this fact was not well known to dental students at the early 
stages of the pandemic.

After the onset of the pandemic, understanding the dis-
ease, defining clinical symptoms and findings, develop-
ing diagnostic methods, and providing information about 
protection required a significant amount of time.1,2,5 Un-
proven claims had reached a large number of people before 
evidence-based information on the properties of the virus 
was obtained and protection methods were established 
through scientific studies. While the initial distribution 
of information through social media seemed convenient, 
this channel often contained misleading headlines and 
content.6,7 During the  pandemic, many students were 
overwhelmed by a fear of the disease and faced significant 
pressure.8,9 Therefore, institutions like the World Health 
Organization (WHO), the Centers for Disease Control and 
Prevention (CDC), and the ADA regularly published an-
nouncements to provide a reliable source of information.2,5

Many universities could not continue face-to-face edu-
cation because of the quarantine measures taken during 
the pandemic. To ensure the continuity of education and 
keep students motivated, universities with adequate tech-
nological infrastructure switched to online education. Dif-
ferent evaluation and measurement methods have been 
applied to assess the effectiveness of this delivery method. 
For dentistry, it did not seem plausible that any distance 
learning course could replace face-to-face education since 
direct applications, which should be performed on patients 
during clinical practice and are an integral part of dental 
education, could not be performed.10

The  sudden onset of  the  pandemic, the  cessation 
of face-to-face education and essential clinical practices, 
and the initial distribution of unproven information may 
have especially burdened dental students at the beginning 
of the pandemic. These effects may have led to a decreased 
self-perceived competency in dental students with regard 
to understanding the nature of contagious diseases, the ef-
fective utilization of personal protective equipment (PPE), 

obtaining valid scientific information, and verifying the in-
formation gathered under lockdown conditions. These 
effects, in turn, may have led to increased levels of anxiety, 
a change of career plans or preferred dental specialties, 
or even dropping out of dental education.

Objectives

In this study, we aimed to survey dental students about their 
awareness and knowledge of contagious diseases, protection 
from infections, working conditions, and occupational haz-
ards, and examine how the pandemic impacted their educa-
tion. We also intended to investigate whether the pandemic 
affected the students’ choice of dental specialties.

Materials and methods

This mul ticenter cross-sectional study was conducted 
with the approval of the Near East University (NEU; North 
Nicosia, Turkish Republic of Northern Cyprus (TRNC)) 
Scientific Research Ethics Evaluation Board (approval 
No. 2020/802-1125). It was carried out in the dental faculties 
of NEU, the University of Kyrenia (UoK; Kyrenia, TRNC) 
and Erciyes University (ERU; Kayseri, Turkey). A survey 
was distributed via Google Forms, and the answers were 
collected through the same platform. The participants 
were asked to take part in the survey between July 20 and 
August 5, 2020. There were 15 multiple-choice questions, 
4 of which asked about demographics, including questions 
on age, class, gender, and the university attended (Table 1).

All  Turkish-speaking undergraduate students at the above-
mentioned dental schools were eligible to take part in the sur-
vey. To be included in the study, the questionnaires must not 
have had missing answers and must have been submitted 
in the required timeframe. Students in the 4th and 5th years 
were regarded as the clinical student group, and 1st, 2nd and 
3rd-year students constituted the preclinical student group. 
Responses were evaluated for all of the questions. No identify-
ing data about the participants were collected.

The questions were grouped into 3 main sections. The 1st 
section aimed to gather data about confidence in their knowl-
edge of the COVID-19 pandemic, fear of contracting a conta-
gious disease, feeling informed about protecting themselves 
from the disease, and ways of gathering information about 
this topic. In the 2nd section, students were asked whether 
they ever wanted to drop out of dental education because 
of the COVID-19 pandemic. In the 3rd section, students were 
asked if they were planning to have a postgrad uate residency 
in a dental specialty and whether the COVID-19 pandemic 
affected their dental specialty choice.

The survey was delivered by e-mail to every dental stu-
dent at  the  institutions listed above to avoid sampling 
bias, and it was kept short to  reduce the nonresponse 
rate. The overall number of  included participants was 
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determined by the number of eligible students who re-
sponded in the given timeframe and filled out the survey 
without omitting any answers.

Statistical analyses

The Statistical Package for Social Sciences (SPSS) v. 15 
(SPSS Inc., Chicago, USA) was used for all statistical analy-
ses. The internal consistency of the given responses was 
measured using Cronbach’s α, and values over 0.70 were 
regarded as statistically reliable. The demographic data 
were analyzed using the median and interquartile range 
(IQR) values and frequency distribution tables. The re-
sults were reported as  medians (IQR) or  percentages. 
Participants were grouped for certain analyses according 
to the responses they gave to prior questions. The nominal 
data were compared using cross tabulations. The χ2 tests 
or Fisher’s exact tests were used to determine statistically 
significant differences between these groups. The p-values 
less than 0.05 were regarded as statistically significant.

Results

Demographic information and reliability

The online survey link was shared with 1532 students 
in 3 dental faculties in 2 countries. Overall, 755 dental 

students participated in the study, corresponding to a 49% 
response rate. More than half of the participating students 
were from ERU (n = 394, 52%), while 286 NEU students 
(38%) and 75 UoK students (10%) responded to the survey. 
The study population consisted of 338 clinical (45%) and 
417 preclinical (55%) students. Females comprised 63% 
(n = 474) of  the sample and men 37% (n = 281). There 
was no difference in the gender distribution between uni-
versities (NEU 63% females, UoK 55% females, ERU 64% 
females; p = 0.292).

Cronbach’s α  was used to  evaluate the  consistency 
of the responses given to the same group of questions. 
The α values of questions about contagious diseases and 
PPE usage and education in dental specialties were found 
to be 0.71 and 0.79, respectively. Removing any of the ques-
tions did not increase the corresponding α values.

Fears

Ninety-two percent of the 755 students who participated 
in the study stated that their awareness of contagious dis-
eases which can be transmitted in the occupational environ-
ment increased throughout the COVID-19 pandemic, and 
the percentages were significantly higher in female and pre-
clinical students (Table 2). Also, fear of being at risk for con-
tagion because of the COVID-19 pandemic emerged in 2/3 
of the students and was markedly more intense in females. 
More than half of the students reported not having sufficient 

Table 1. Survey questions

Question No. Question (answer options)

1 Age [years]

2 Gender (female, male)

3 University 

4 Class in 2019–2020 academic year (1, 2, 3, 4, 5)

5
In the process of the COVID-19 pandemic, my awareness about the occupational infections that can be transmitted to me from my 
patients has increased. (agree, disagree, indecisive)

6
The process of the COVID-19 pandemic has caused in me fear of being at risk for contagion while I am practicing my profession. (agree, 
disagree, indecisive)

7
I think that I have sufficient knowledge about occupational infections and the methods to protect myself from these diseases. (agree, 
disagree, indecisive)

8 I know how to protect myself from the COVID-19 infection while I am practicing my profession. (agree, disagree, indecisive)

9
I have sufficient information about PPE that I have to use to prevent the transmission of COVID-19 disease from my patients. (yes, no, 
indecisive)

10
I use …….. as source of information to gather knowledge about prevention methods against COVID-19 infection and PPE, their 
properties and usage. (participants could select more than 1 option – see Table 3) 

11 I have wanted to or have thought of dropping out of dental education because of fear of COVID-19 contagion. (yes, no)

12 I have planned to pursue further education in a dental specialty. (yes, no)

13
I have adequate information about the degree of close contact procedures applied to the patients in the dental specialty of my 
preference. (yes, no)

14 I have changed the dental specialty I was aiming for because of the COVID-19 pandemic. (yes, no)

15
I am in search for a dental specialty that requires less close contact procedures while treating patients, such as oral diagnosis and 
radiology or oral pathology. (yes, no)

PPE – personal protective equipment.
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knowledge about occupational infections and methods 
of protection, and this ratio was significantly higher in fe-
males and preclinical students. The percentage of students 
who knew how to protect themselves from COVID-19 while 
practicing their profession was 64%, which did not differ be-
tween the gender or training stage of the students. The ratio 
of students who stated that they had sufficient information 
about PPE to protect themselves from COVID-19 was 58%, 
which was markedly higher for clinical students but did not 
differ between genders (Table 2).

Social media were found to be the most common source 
of information about PPE, their properties and usage (57%), 
followed by reliable publications and organizational guide-
lines (47%), friends and social circle (37%), television (37%), 
and online sources (14%; Table 3). There were no statistically 
significant differences between female and male students 
regarding the sources used to obtain information, but clini-
cal students pointed at their friends and social circle and 
social media more often compared to preclinical students.

To investigate the relationship between gathering ad-
equate information and the sources of knowledge, we sepa-
rated the students who stated that they have adequate 
knowledge about using PPE to protect themselves from 
COVID-19 as the PPE group, and compared them with 
the rest of the students. In the PPE group, the use of reli-
able publications and guidelines (57% compared to 34%, 
p < 0.001) and online education (19% compared to 8%, 
p < 0.001) to obtain information was significantly more 

prevalent, and relying on friends and social circle (32% 
compared to  44%, p  =  0.001) was significantly rarer. 
The percentage of students using television or social media 
as an information source did not differ significantly be-
tween the PPE group and the rest of the students (p = 0.067 
and p = 0.180, respectively; Table 4).

Thoughts about dropping out of dental 
education

The  students were asked whether they ever thought 
of dropping out of dental education because of the COVID-19 
pandemic. The responses to these questions are summa-
rized in Table 5. While 675 of the students never considered 
dropping out, 80 students (11%) had thoughts about quitting 
dental education. Students who contemplated dropping 
out had a significantly increased fear of being at risk for 
contagion because of the COVID-19 pandemic. Further-
more, the proportion of students who reported knowing 
about occupational infections and how to protect them-
selves from them, how to be protected from COVID-19 
in the occupational environment, and which PPE should 
be used to prevent infections, was significantly lower among 
the students who considered dropping out. The percentage 
of students who considered dropping out of dental educa-
tion was considerably higher in clinical students compared 
to non-clinical students, but there was no statistically sig-
nificant difference between genders (Table 5).

Table 2. Students’ opinions on their knowledge about COVID-19 pandemic and contagious diseases, and comparison of clinical compared to preclinical 
students and female compared to male students

Questions Answers Total
(n = 755)

Clinical 
students
(n = 338)

Preclinical 
students
(n = 417)

χ2 p-value*
Female 

students
(n = 474)

Male 
students
(n = 281)

χ2 p-value*

In the process of the COVID-19 
pandemic, my awareness 
about the occupational 
infections that can be 
transmitted to me from my 
patients has increased.

agree 698 (92%) 304 (90%) 394 (95%)

6.409 0.041

447 (94%) 251 (89%)

9.309 0.010disagree 19 (3%) 13 (4%) 6 (1%) 12 (3%) 7 (3%)

indecisive 38 (5%) 21 (6%) 17 (4%) 15 (3%) 23 (8%)

The process of the COVID-19 
pandemic has caused in 
me fear of being at risk 
for contagion while I am 
practicing my profession.

agree 499 (66%) 225 (67%) 274 (66%)

1.294 0.524

337 (71%) 162 (58%)

17.667 <0.001disagree 99 (13%) 48 (14%) 51 (12%) 46 (10%) 53 (19%)

indecisive 157 (21%) 65 (19%) 92 (22%) 91 (19%) 66 (23%)

I think that I have sufficient 
knowledge about occupational 
infections and the methods 
to protect myself from these 
diseases.

agree 348 (46%) 166 (49%) 182 (44%)

11.288 0.004

205 (43%) 143 (51%)

7.165 0.028disagree 75 (10%) 20 (6%) 55 (13%) 43 (9%) 32 (11%)

indecisive 332 (44%) 152 (45%) 180 (43%) 226 (48%) 106 (38%)

I know how to protect myself 
from the COVID-19 infection 
while I am practicing my 
profession.

agree 480 (64%) 215 (64%) 265 (63%)

0.221 0.896

300 (63%) 180 (64%)

0.060 0.971disagree 48 (6%) 20 (6%) 28 (7%) 30 (6%) 18 (6%)

indecisive 227 (30%) 103 (31%) 124 (30%) 144 (30%) 83 (30%)

I have sufficient information 
about PPE that I have to use 
to prevent the transmission 
of COVID-19 disease from my 
patients.

agree 441 (58%) 214 (63%) 227 (54%)

11.644 0.003

267 (56%) 174 (62%)

3.568 0.168disagree 17 (2%) 2 (1%) 15 (4%) 9 (2%) 8 (3%)

indecisive 297 (39%) 122 (36%) 175 (42%) 198 (42%) 99 (35%)

PPE – personal protective equipment; *Pearson’s χ2 test, degrees of freedom (df) = 2. Values in bold are statistically significant.
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Career plans

The percentage of students who were aiming for a dental 
specialty was 76% (n = 574), which was higher in women 
(82% compared to 69%, p = 0.004) and lower in clinical 
students (χ2 test, df = 1, 67% compared to 83%; p < 0.001). 
Of these 574 students, 18% stated that the COVID-19 pan-
demic caused a change in the specialty they were aim-
ing for, and 25% of these students stated that they were 
in search of a dental specialty requiring less close con-
tact while treating patients. Both of  these percentages 
were higher in female students compared to male stu-
dents (22% compared to 14% and 29% compared to 20%; 
p = 0.006 and p = 0.006, respectively). In the students who 
wanted to change their desired dental specialty because 
of the COVID-19 pandemic, fear of facing contagious dis-
eases while practicing their profession was significantly 

higher (78% compared to 64%; p = 0.004). The students 
who wanted to change their desired dental specialty also 
reported having less knowledge about occupational in-
fections and protection methods (32% compared to 48%; 
p = 0.007), and the PPE used for protection from COVID-19 
(47% compared to 63%; p = 0.002). The students who were 
aiming for a dental specialty and did not have adequate 
information about the close contact procedures applied 
to the patients in their preferred specialty showed a higher 
tendency to change their choice of dental specialty (29% 
compared to 15%; p = 0.001), and they were more eager 
to look for a dental specialty with less close contact with 
the patients (42% compared to 18%; p < 0.001).

The clinical students aiming for a dental specialty had 
a higher rate of looking for a specialty requiring less close 
contact with patients compared to the preclinical students 
(28% compared to 19%; p = 0.008). The clinical students 

Table 3. Distribution of the responses of students for the source of information they use to gather knowledge about prevention methods against COVID-19 
infection, PPE, their properties and usage

Source of information Frequency 
(%)#

Clinical 
students
(n = 338)

Preclinical 
students
(n = 417)

χ2 p-value*
Female 

students
(n = 474)

Male students
(n = 281) χ2 p-value*

Friends and social circle 281 (37%) 144 (43%) 137 (33%) 7.595 0.006 179 (38%) 102 (36%) 0.162 0.687

Television and public service 
broadcasting

281 (37%) 118 (35%) 163 (39%) 1.394 0.238 177 (37%) 104 (37%) 0.008 0.928

Social media 433 (57%) 213 (63%) 220 (53%) 8.034 0.005 282 (60%) 151 (53%) 2.390 0.122

Online lectures of my faculty 109 (14%) 48 (14%) 61 (15%) 0.028 0.868 62 (13%) 47 (17%) 1.898 0.168

Credible publications and 
guidelines issued by organizations 
(WHO, ADA, Ministry of Health, etc.)

356 (47%) 171 (51%) 185 (44%) 2.905 0.088 234 (49%) 122 (43%) 2.507 0.113

I don’t have a specific interest 
in gathering information and PPE

17 (2%) 12 (4%) 5 (1%) 3.682 0.055 11 (2%) 6 (2%) 0.028 0.868

Other (research papers, family 
members, lecture notes, etc.)

16 (2%) 6 (2%) 10 (2%) 0.349 0.555 9 (2%) 7 (3%) 0.298 0.585

#Participants were allowed to choose more than 1 option. WHO – World Health Organization; ADA – American Dental Association; PPE – personal 
protective equipment. *Pearson’s χ2 test, degrees of freedom (df) = 1. Values in bold are statistically significant.

Table 4. Difference in the source of information for the students who have knowledge about PPE for protecting themselves from COVID-19 while treating 
their patients

Source of information

Question: “I have sufficient information about PPE that I have to use 
to prevent the transmission of COVID-19 disease from my patients.”

χ2 p-value*
Students who responded “yes”

(PPE group, n = 441)
Students who responded “no/

indecisive” (n = 314)

Friends and social circle 142 (32%) 139 (44%) 11.431 0.001

Television and public service broadcasting 152 (35%) 129 (41%) 3.435 0.067

Social media 262 (59%) 171 (55%) 1.839 0.180

Online lectures of my faculty 84 (19%) 25 (8%) 18.247 <0.001

Reliable publications and guidelines issued 
by organizations (WHO, ADA, Ministry of Health, etc.)

249 (57%) 107 (34%) 36.885 <0.001

I don’t have a specific interest in gathering 
information and PPE

3 (1%) 14 (5%) 11.896 0.001

Other (research papers, family members, lecture 
notes, etc.)

13 (3%) 3 (1%) 3.510 0.074

*Pearson’s χ2 test, degrees of freedom (df) = 1. PPE – personal protective equipment; WHO – World Health Organization; ADA – American Dental 
Association. Values in bold are statistically significant.
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had also a higher tendency to choose specialties like oral 
diagnosis and radiology or oral pathology (33% compared 
to 21%; p < 0.001). Only 38% of clinical students stated 
they would not change their choice of dental specialty due 
to the COVID-19 pandemic, compared to 53% of the pre-
clinical students (p < 0.001).

Discussion

The COVID-19 pandemic has not only affected the health 
status of individuals but has also had significant impact 
on social interactions and careers. COVID-19 cases among 
dentists have been extremely rare thanks to PPE and in-
fection prevention measures.3,4 However, dentistry was 
declared a very-high-risk profession for COVID-19 early 
in the pandemic because of the close physical interactions 
with patients and the  use of  aerosol-producing proce-
dures.1,11 Dental students were also mentally affected during 
this early period. These students experienced a sudden onset 
of distance education, were not able to attend laboratory 
classes, had to cease clinical practice, and suffered from fear 
of COVID-19 contagion caused by the pandemic.12 In our 
study, female students presented an increased fear of being 
at risk for contagion, which may be attributed to the higher 
anxiety levels in women reported in other studies.13,14

The COVID-19 pandemic has drawn attention to infec-
tious diseases in the general population, and college stu-
dents are no exception.15–17 The fear due to COVID-19 has 
been reported to vary from moderate to high in under-
graduate dental students,15 dentists16,18 and other col-
lege students.17 This variation may be attributed to dif-
ferences in social distancing measures and quarantine 

implementation across governing bodies, together with 
individual psychological diversity. All of the dental fac-
ulties in the TRNC and Turkey suspended face-to-face 
education and clinical practice due to lockdown measures. 
As institutions swiftly shifted to online education, stu-
dents lost opportunities for practical education, sustained 
personal interactions and clinical experience, which are 
integral to dental education.19 This may be one of the rea-
sons for the lack of confidence in having adequate knowl-
edge about protection from contagious infections in more 
than half of the students in our study. Similar results for 
the  level of knowledge about the COVID-19 pandemic 
have also been reported in other undergraduate dental 
students.20 In contrast to undergraduate dental students, 
dentists have been reported to have a much higher level 
of knowledge about COVID-19 and personal protection 
methods.3,4 As awareness is higher in this group,17 more 
lectures about infectious diseases and protection methods 
in the curriculum may be beneficial to students and crucial 
for preparing them for possible future outbreaks.

Proper utilization of PPE is of the utmost importance 
to  protect individuals from COVID-19 infection dur-
ing dental treatment procedures.21,22 For this reason, 
we wanted to evaluate the sources of information students 
used to gather information on this subject, and whether 
they thought they had adequate knowledge about us-
ing PPE at the beginning of the pandemic. Social media 
seemed to be the most common source of information for 
participants of this study. It has been previously reported 
that students usually used the internet and social media 
to gather information about the COVID-19 pandemic, 
but students who used journal articles and the websites 
of trustworthy organizations had a significantly higher 

Table 5. Students’ thoughts on dropping out of dental education

Training stage/gender of the students

Question: “I have wanted to or have thought of dropping out of dental 
education because of  fear of COVID-19 contagion.”

Yes, I have considered 
dropping out (n = 80)

No, I have never 
thought of it (n = 675) χ2 p-value*

Cross tabulation with clinical students

Clinical students 52 (15%) 286 (85%)
14.813 <0.001

Preclinical students 28 (7%) 389 (93%)

Cross tabulation with gender of the students

Female students (n = 474) 58 (12%) 416 (88%)
3.617 0.057

Male students (n = 281) 22 (8%) 259 (92%)

Cross-tabulated questions, responded “yes/agree”

The process of the COVID-19 pandemic has caused fear that I am 
at risk for contagion while I’m practicing my profession.

64 (80%) 435 (64%) 9.098 0.011

I think that I have sufficient knowledge about occupational infections 
and the methods to protect myself from these diseases.

20 (25%) 328 (49%) 16.674 <0.001

I know how to protect myself from the COVID-19 infection while I am 
practicing my profession.

37 (46%) 443 (66%) 26.564 <0.001

I am aware of the PPE that I have to use to prevent the transmission 
of COVID-19 disease from my patients.

34 (43%) 407 (60%) 17.411 <0.001

*Pearson’s χ2 test, degree of freedom (df) = 1. PPE – personal protective equipment. Values in bold are statistically significant.
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level of knowledge.6 These findings are similar to our re-
sults. Obtaining knowledge from online faculty lectures 
or reliable publications and organizations has a more sub-
stantial effect compared to gaining knowledge from social 
media, circle of friends or television. In the age of distance 
education, it should be a priority to use credible informa-
tion sources for dentistry education and to ensure that all 
students have access to these resources.

Although the majority of the surveyed students did not 
consider dropping out of dental education, 80 did consider 
this, and their fear of contagion in clinical practice was 
higher than in those who had not considered dropping 
out. Their self-confidence regarding the utilization of PPE 
to protect themselves from COVID-19 was also lower. 
These factors, in part, may have contributed to their think-
ing about dropping out of dental education. Students usu-
ally feel increased anxiety during outbreaks and pandem-
ics,21,23 which is even more intense in clinical students,8,23 
and this may directly impact both their daily lives and 
career plans. Interestingly, the percentages of female and 
male students who thought of dropping out of dental edu-
cation did not differ significantly despite their presumed 
anxiety levels being different. Among the clinical students 
who had thoughts of dropping out of dental education, 
the percentage of those who sought for dental specialty 
that they believed to involve less close contact procedures 
with patients was significantly higher than of those who 
did not. This was also true for female students, which may 
be attributed to increased levels of anxiety among women. 
These results are consistent with a study that reported that 
in 15% of otolaryngology trainees, the COVID-19 pan-
demic affected decisions that could impact their future 
careers, and that this was more widespread in senior-level 
trainees.24 Although otolaryngology and dentistry do not 
have the same degree of risk according to the Occupational 
Safety and Health Administration (OSHA) in the USA,1 
they indeed share some degree of similarity, such as work-
ing on the same body region and close contact with the up-
per respiratory tract. To the best of our knowledge, there 
are no similar studies in the literature comparing clinical 
and preclinical dental students in this manner.

One of the main goals of this study was to investigate 
the impacts of the COVID-19 pandemic on the specialty 
choices of dental students. We found that 18% of the stu-
dents thought about changing their desired dental specialty 
due to COVID-19, and that these students declared more 
intense fear of contagious diseases and felt inadequate 
in terms of knowledge and protection. In addition, 22% 
of these students were looking for a dental specialty that 
involves less close contact with patients. Moreover, the stu-
dents who did not have enough knowledge about the de-
gree of close contact procedures applied to the patients 
in the dental specialty that they had planned to pursue 
were more likely to change their preferred specialty and 
aimed to choose specialties that require less close contact 

with patients. In a recent study, it was reported that fear 
of COVID-19 and future career anxiety are closely related, 
which also supports the findings of our study.25 When 
these findings are evaluated altogether, it may be presumed 
that these factors are affecting the career plans of the stu-
dents. Thus, providing psychological support and guidance 
to the students, in addition to compensating for their lack 
of information and knowledge during the COVID-19 pan-
demic, are of crucial importance.

Limitations of the study

Our study was carried out during the summer break and 
in lockdown conditions, which prevented us from success-
fully reaching out to students in different dental faculties. 
The 49% response rate was also lower than we had ex-
pected. The inclusion of more universities would have led 
to a nationwide study and could have provided more robust 
results. Also, because there were no similar surveys con-
ducted previously when this study was carried out, we had 
to design our own questionnaire. Given the urgency to bet-
ter understand the nature of COVID-19, we did not have 
the time to perform validity and reliability testing before 
the study. Furthermore, we did not have a scale to mea-
sure the anxiety and fear levels of the students. Design-
ing a Likert scale for the anxiety caused by the COVID-19 
pandemic and examining associations between the scores 
on this scale and the career plans of undergraduate dental 
students may produce valuable outcomes.

Conclusions

After the onset of the COVID-19 pandemic, understand-
ing the disease, developing diagnostic methods, providing 
information about protection from the disease, and un-
derstanding that (with proper safety measures) the conta-
gion risk is not as high as it was initially believed required 
a significant amount of time and caused severe anxiety. 
We found that the lack of information during the early pe-
riod of the pandemic impacted students’ dental education 
and caused changes in their specialty choices. In an unex-
pected situation like the COVID-19 pandemic, it is cru-
cial to teach students how to obtain reliable information, 
not only through face-to-face education, but also through 
online education materials from faculties and reputable 
organizations. Lack of trustworthy information has also 
had important effects on the psychological status of stu-
dents, which may have impacted their dental education and 
career choices at the beginning of the pandemic. Therefore, 
it is crucial to prepare students for the next possible out-
break using the knowledge gained during this pandemic 
by modifying the dental curriculum and providing credible 
information and psychological support to guide dental 
students in building a healthy career path.
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Abstract
Background. Cutaneous squamous cell carcinoma (cSCC) and cutaneous basal cell carcinoma (cBCC) are 
the most common types of non-melanoma skin cancer (NMSC). The NACHT, LRR and PYD domains-containing 
protein 1 (NLRP1) protein is considered to be inhibited in NMSC, although clinical evidence is still lacking.

Objectives. To investigate the clinical significance of NLRP1 in cSCC and cBCC patients.

Materials and methods. This prospective observational study enrolled 199 cases of cBCC and cSCC patients 
who reported to our hospital from January 2018 to January 2019. Additionally, 199 blood samples from healthy 
individuals were collected as the control. Serum NLRP1 and cancer biomarkers of CEA and CYFRA21-1 were 
then measured using enzyme-linked immunosorbent assay (ELISA). Clinical characteristics collected from 
patients included age, sex, BMI, TNM stage, cancer type, lymph node metastasis, and myometrial infiltration 
conditions. All patients were followed up for 1–3 years.

Results. Of all patients, 23 died during the follow-up period, with a mortality rate of 11.56%. Serum NLRP1 
showed markedly lower levels in cancer patients compared with healthy controls. Furthermore, the expres-
sion of NLRP1 was significantly higher in cBCC patients compared with cSCC patients. The deceased patients, 
together with those with lymph node metastasis and myometrial infiltration, also showed significantly lower 
NLRP1 levels. Moreover, lower NLRP1 levels were associated with higher frequencies of tumor–nodule–me-
tastasis (TNM) III–IV stage, lymph node metastasis and myometrial infiltration, as well as higher mortality and 
recurrence rates. The curvilinear regression showed the relationship between NLRP1 and CEA/or CYFRA21-1 
was most appropriate for the reciprocal. Receiver operating characteristic (ROC) curves showed NLRP1 was 
a potential biomarker for lymph node metastasis, myometrial infiltration and prognosis in NMSC patients, and 
the Kaplan–Meier analysis found NLRP1 was associated with 1–3-year mortality and recurrence of NMSC.

Conclusions. Lower NLRP1 level is associated with worse clinical outcomes and poorer prognosis in cSCC 
and cBCC patients.

Key words: diagnosis, prognosis, NLRP1, cutaneous squamous cell carcinoma, cutaneous basal cell carcinoma
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Background

Non-melanoma skin cancer (NMSC) accounts for 6.2% 
of new cancer cases worldwide, with 1,198,073 cases per 
year and 63,731 cases of cancer-related deaths in 2020.1,2 
Cutaneous squamous cell carcinoma (cSCC) and cutane-
ous basal cell carcinoma (cBCC) are the most common 
NMSC types, being approx. 25% and 70% of NMSC cases, 
respectively.3,4 In a recent study that included 12,692 skin 
cancer cases from Chinese, Malays and Indians in Singa-
pore from 1968–2016, it was found that 65.9% of patients 
were diagnosed with cBCC, 28.3% had cSCC and 5.80% 
had melanoma.5 Generally, cSCC has the  characteris-
tics of atypical proliferation of invasive squamous cells, 
the ability to invade and migrate, as well as a high potential 
of recurrence.6,7 Patients with cBCC, although it shows 
low invasive ability, are considered to have a higher risk 
of developing other skin cancers, including cSCC and 
melanoma.8–10 In recent years, the prevalence of cBCC 
and cSCC increased between 35% and 133% worldwide.11

Generally, early diagnosis is of great significance for cancer 
patients, including those with skin cancer. Thus, new cancer 
biomarkers are always needed in clinical research. NACHT, 
LRR and PYD domains-containing protein 1 (NLRP1) belongs 
to the NLRP family and plays an important role in many bio-
processes, including inflammation, cell function and cancer 
proliferation.12–14 NLRP1 was found to be associated with 
different cancers through several signaling pathways. It was 
found that NLRP1 polymorphisms were associated with 
an increased incidence of mesothelioma, specifically with 
the NLRP1 rs12150220 allele T.15 Another study demonstrated 
that NLRP1 could influence cell pyroptosis in breast cancer 
cells, which was associated with the regulation of caspase-4.16 
Recently, it was reported that both levels of NLRP1 and NLRP1 
inflamma some were inhibited in  cSCC.17 Furthermore, 
NLRP3, another member of the NLRP family which shows 
biofunctions similar to NLRP1, was also found to be sup-
pressed in cSCC.18 These data led us to speculate that the ex-
pression of NLRP1 in cSCC patients may also be decreased. 
However, studies of NLRP1 in NMSC patients are still lacking.

Objectives

We  conducted an  observational study to  investigate 
the clinical significance of NLRP1 in cSCC and cBCC pa-
tients. This study may provide a potential novel biomarker 
for the diagnosis and prognosis of NMSC.

Materials and methods

Patients

This prospective observational study enrolled 199 cases 
of  cBCC and cSCC patients who reported to  our 

hospital from January 2018 to January 2019. The sample 
size was calculated by the formula (Z1–α/2×σ/δ)2 proposed 
by Shalhout et al.2 The estimated standard deviation (SD) 
was 36, and the allowable error was 5 (α = 0.05) thus, 
n = ((1.96×36)/0.05)2 = 199. The inclusion criteria were 
as follows: 1) patients with cBCC or cSCC confirmed with 
histological analysis; 2) patients who were diagnosed for 
the first time with primary NMSC; 3) patients over the age 
of 18. The following patients were excluded: 1) patients who 
underwent anti-cancer treatments before participation; 
2) patients with metastatic skin carcinoma but not primary 
skin cancer; 3) patients with severe infections such as se-
vere pneumonia, or other systematic organ dysfunctions. 
Additionally, blood samples from 199 healthy individu-
als who reported for medical examination were enrolled 
as a control group.

All patients signed the informed consent, and the study 
protocol conformed to the Declaration of Helsinki. Ethi-
cal approval was obtained by  the  Ethical Committee 
of Meizhou People’s Hospital (approval No. 2018-11).

Measurement of serum NLRP1, CEA  
and CYFRA21-1

Serum NLRP1, as well as cancer biomarkers carcino em-
bryonic antigen (CEA) and CYFRA21-1 were measured us-
ing enzyme-linked immunosorbent assay (ELISA). Briefly, 
fasting elbow vein peripheral blood (5 mL) was collected 
within 48 h after admission. After obtaining the serum 
by centrifugation, the serum levels of NLRP1 (range 18.75–
1200 pg/mL, sensitivity 4.67 pg/mL; cat. No. EL015864HU; 
Cusabio, Houston, USA), CEA (range: 312–20000 pg/mL, 
sensitivity <10 pg/mL, cat. No. EK0904 BOSTER Bio, Pleas-
anton, CA) and CYFRA21-1 (range: 31.25–2000 pg/mL, sen-
sitivity 18.75 pg/mL; cat. No. EH0364; Wuhan Fine Biotech, 
Wuhan, China) were tested using commercially available 
ELISA kits according to the manufacturer’s instruction.

Data collection of clinical outcomes  
and follow-up

All patients were followed up for 1–3 years. The patients’ 
clinical characteristics collected included age, sex, body 
mass index (BMI), tumor–nodule–metastasis (TNM) 
stage, cancer type, lymph node metastasis, and myometrial 
infiltration conditions. Patients’ cancer-related death and 
recurrence conditions were recorded. For survival analysis, 
overall survival (OS) or disease-free survival (DFS) dura-
tion was calculated from the time of admission to death 
or recurrence, or the last follow-up.

Statistical analyses

Data were expressed as median (Me) (interquartile range 
(IQR) and range) for non-normally distributed data (all con-
tinuous data are non-normally distributed in this study). 
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Data distribution was analyzed using the Kolmogorov–
Smirnov method. Comparisons between 2 groups were 
made using the Mann–Whitney U test, and Kruskal–Wal-
lis analysis was used for comparisons between 3 groups 
for age, BMI and NLRP1 level. The χ2 test was used for 
analyzing the rates, and curvilinear regression was used 
for analyzing the correlation between NLRP1 and CEA/
or  CYFRA21-1. The  receiver operating characteristic 
(ROC) curve was used for the diagnostic value of NLRP1. 
The Kaplan–Meier curve was applied to the survival analy-
sis. Logistic regression was used for the analysis of risk 
factors of mortality, and the Hosmer–Lemeshow test was 
used to show the goodness-of-fit. We used Box–Tidwell 
method to test the linearity of independent variables and 
log odds. The variance inflation factor (VIF) value was 
used to show multicollinearity, with a value above 1.5 
indicating multicollinearity. Finally, the Casewise List 
(Studentized residual) was used to show the influential 
outliers. A p < 0.05 indicated a significant difference be-
tween groups, and all calculations were performed using 
Statistical Package for Social Sciences (SPSS) v. 18.0 (SPSS 
Inc., Chicago, USA) and GraphPad Prism v. 6.0 (GraphPad 
Software, San Diego, USA).

Results

Clinical characteristics of patients and 
the expression of NLRP1

The  clinical characteristics of  all patients are listed 
in Table 1. All patients were followed up for 1–3 years, with 
a median follow-up time of 24 months. From the entire 
cohort, 23 patients died during the follow-up period, with 

a mortality rate of 11.56%. Compared with the surviving 
patients, the deceased ones showed a higher frequency 
of TNM stage III–IV, lymph node metastasis, myometrial 
infiltration, and recurrence (all p < 0.05). Furthermore, 
cSCC patients had a higher mortality rate than cBCC pa-
tients. No other significant differences were found between 
the surviving and deceased patients, including their de-
mographics, with no significant difference found for age, 
sex and BMI between the surviving and deceased patients 
and healthy controls.

Then, we analyzed the expression of NLRP1 in differ-
ent patients. It was found that NLRP1 showed markedly 
lower levels in serum from both cSCC and cBCC patients 
compared with healthy controls (p  <  0.001; Fig. 1A). 
Moreover, the expression of NLRP1 was significantly 
higher in cBCC patients compared with cSCC patients 
(p = 0.048). Meanwhile, deceased patients, together with 
those with TNM III–IV, lymph node metastasis and 
myometrial infiltration, also showed significantly de-
creased NLRP1 levels compared with surviving patients, 
the patients with TNM I–II or those without lymph node 
metastasis or myometrial infiltration, respectively (all 
p < 0.05) (Fig. 1B–E).

Expression of NLRP1 was correlated  
with CEA and CYFRA21-1 in NMSC patients

Next, the serum levels of cancer biomarkers CEA and 
CYFRA21-1 were analyzed. It was found that both CEA 
and CYFRA21-1 levels were significantly higher in de-
ceased patients, as well as in the patients with TNM stage 
III–IV, lymph node metastasis or myometrial infiltration, 
compared with surviving patients, patients with TNM I–II 
or patients without metastasis or infiltration (Table 2). 

Table 1. Clinical characteristics of all non-melanoma skin cancer (NMSC) patients on admission

Variables All patients
(n = 199)

Surviving
(n = 176)

Deceased
(n = 23)

Healthy controls
(n = 199) p1* p2

#

Age [years]
56

(23, 34–75)
56

(23, 34–75)
58

(26, 36–75)
53

(21, 34–75)
0.583 0.568

Female sex, n (%) 106 (53.27) 94 (53.41) 12 (52.17) 106 (53.27) 0.861 0.982

BMI [kg/m2]
24.90 

(7.30, 17.04–31.95)
25.09

(7.20, 17.05–31.92)
23.52

(8.66, 17.04–31.95)
23.91

(8.13, 17.12–31.93)
0.363 0.306

TNM stage,  
n (%)

I–II 153 (76.88) 151 (85.80) 2 (8.70) –
<0.001 –

III–IV 46 (23.12) 25 (14.20) 21 (91.30) –

Pathological type, 
n (%)

cSCC 74 (37.19) 56 (31.82) 18 (78.26) –
<0.001 –

cBCC 125 (62.81) 120 (68.18) 5 (21.74) –

Lymph node metastasis, n (%) 49 (24.62) 28 (15.91) 21 (91.30) – <0.001 –

Myometrial infiltration, n (%) 54 (27.14) 32 (18.18) 22 (95.65) – <0.001 –

Follow-up [months] 24 (12, 12–36) 24 (13, 12–36) 20 (12, 12–35) – 0.299 –

Recurrence, n (%) 30 (15.08) 11 (6.25) 19 (82.61) – <0.001 –

*p1 value was obtained by comparison between surviving and deceased patients, while rates were analyzed using χ2 test. For #p2 values, age and BMI were 
compared using Kruskal–Wallis analysis, while the sex rates were compared with χ2 test among the 3 groups: surviving patients, deceased patients and 
healthy controls. Continuous data were expressed as median (IQR, range). BMI – body mass index; TNM – tumor–nodule–metastasis; IQR – interquartile 
range; cSCC – cutaneous squamous cell carcinoma; cBCC – cutaneous basal cell carcinoma.
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Additionally, the curvilinear regression showed the rela-
tionship between NLRP1 and CEA was mostly appropriate 
for reciprocal (R2 = 0.282), and similar to the relationship 

between NLRP1 and CYFRA21-1 (R2 = 0.392) (Fig. 2). 
The detailed data for curvilinear regression are shown 
in the Supplementary data.

Table 2. Serum expression of CEA and CYFRA21-1 in different groups of patients

Variables CEA [pg/mL] CYFRA21-1 [pg/mL]

Surviving (n = 176)
498.41

(198.90, 304.73–941.88)
67.89

(31.73, 31.20–148.99)

Deceased (n = 23)
968.04

(612.37, 548.13–1476.55)
170.69

(67.99, 95.74–241.42)

pa <0.001 <0.001

TNM I–II (n = 153)
488.35

(194.29, 304.73–1313.59)
65.15

(28.58, 31.20–241.42)

TNM III–IV (n = 46)
787.95

(392.61, 405.23–1476.55)
122.24

(70.13, 51.87–222.13)

pb <0.001 <0.001

With lymph node metastasis (n = 49)
783.56

(388.03, 309.54–1476.55)
121.48

(70.89, 51.87–222.13)

Without lymph node metastasis (n = 150)
489.76

(187.83, 304.73–1313.59)
65.37

(28.73, 31.20–241.42)

pc <0.001 <0.001

With myometrial infiltration (n = 54)
704.09

(382.46, 309.54–1476.55)
119.10

(75.19, 36.58–222.13) 

Without myometrial infiltration (n = 145)
488.35

(186.91, 304.73–1313.59)
65.15

(28.58, 31.20–241.42)

pd <0.001 <0.001

All p-values were compared using Mann–Whitney U test; ap-value was calculated as comparison between surviving and deceased patients; bp-value was 
calculated as comparison between TNM I–II and III–IV patients; cp-value was calculated as comparison between patients with and without lymph node 
metastasis; dp-value was calculated as comparison between patients with and without myometrial infiltration. TNM – tumor–nodule–metastasis.

Fig. 1. NLRP1 level in cutaneous squamous cell carcinoma (cSCC) and 
cutaneous basal cell carcinoma (cBCC) patients and healthy controls (A). 
Kruskal–Wallis analysis was used to compare cSCC and cBCC patients and 
healthy controls. The levels of NLRP1 were also measured in surviving and 
deceased patients (B), patients with and without lymph node metastasis 
(C) or myometrial infiltration (D), as well as patients with different TNM 
stages (E). Detailed p-values are shown, calculated using the Mann–
Whitney U test
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Low expression of NLRP1 was associated 
with worse clinical outcomes in NMSC 
patients

The median value of NLRP1 level (101.65 pg/mL) was 
used to  divide the  patients into high (>101.65  pg/mL) 
or low NLRP1 (≤101.65 pg/mL) level groups (Table 3). Pa-
tients with low expression of NLRP1 showed significantly 
higher incidence of TNM III–IV, lymph node metastasis 
and myometrial infiltration (all p < 0.05). Unexpectedly, 
BMI in the low NLRP1 group was also markedly lower 
than in the patients with high NLRP1 level. Moreover, 
the mortality and recurrence rates were also markedly 
higher in patients with lower expression of NLRP1. These 
results suggested that low expression of NLRP1 may be 
associated with worse clinical outcomes in NMSC patients.

NLRP1 as a potential biomarker for lymph 
node metastasis, myometrial infiltration 
and prognosis in skin cancer patients

Next, ROC curves were used to investigate the diagnos-
tic value of NLRP1. It was found that NLRP1 showed good 
diagnostic value for the diagnosis of lymph node metasta-
sis (area under curve (AUC) 0.913, cutoff <60.94 pg/mL, 
sensitivity 87.33% (95% confidence interval (95%  CI): 
80.93–92.20%), specificity 83.67% (95% CI: 70.34–92.68%)), 
myometrial infiltration (AUC 0.891, cutoff <60.94 pg/mL, 
sensitivity 87.59% (95%  CI: 81.09–92.47%), specificity 
77.78% (95% CI: 64.40–87.96%)), recurrence (AUC 0.921, 
cutoff <52.40 pg/mL, sensitivity 87.57% (95% CI: 81.63–
92.14%), specificity 80.00% (95% CI: 61.43–92.29%)), and 
mortality (AUC 0.933, cutoff <53.65 pg/mL, sensitivity 

Fig. 2. Curvilinear regression shows the relationship between NLRP1 and CEA levels (A) and between NLRP1 and CYFRA21-1 levels (B)

Table 3. Comparison between patients with high and low NLRP1 expression

Variables High NLRP1 (n = 99) Low NLRP1 (n = 100) p-value

Age [years]
55

(25, 34–75)
57

(20.75, 35–75)
0.948

Female sex, n (%) 54 (54.55) 52 (52.00) 0.718

BMI [kg/m2]
25.26

(7.52, 17.10–31.92)
24.26

(7.15, 17.04–31.95)
0.018

TNM stage,  
n (%)

I–II 99 (100.00) 54 (54.00)
<0.001

III–IV 0 (0.00) 46 (46.00)

Pathological type, 
n (%)

cSCC 33 (33.33) 41 (41.00)
–

cBCC 66 (66.67) 59 (59.00)

Lymph node metastasis, n (%) 2 (2.02) 47 (47.00) <0.001

Myometrial infiltration, n (%) 5 (5.05) 49 (49.00) <0.001

Follow-up [months]
24.00

(12.00, 12–36)
23.50

(12.75, 12–36)
0.569

Mortality, n (%) 0 (0.00) 23 (23.00) <0.001

Recurrence, n (%) 0 (0.00) 30 (30.00) <0.001

The p-value was obtained as comparison between surviving and deceased patients using Mann–Whitney U test for continuous data. Rates were analyzed 
using χ2 test. Continuous data were expressed as median (IQR, range). BMI – body mass index; TNM – tumor–nodule–metastasis; IQR – interquartile range; 
cSCC – cutaneous squamous cell carcinoma; cBCC – cutaneous basal cell carcinoma.
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82.61% (95% CI: 61.22–95.05%), specificity 84.09% (95% CI: 
77.83–89.16%)) (Fig. 3).

NLRP1 was associated with 1–3-year 
mortality and recurrence in NMSC patients

We then used a Kaplan–Meier curve to analyze the ef-
fects of  NLRP1 on  patients’ prognoses. It  was found 
that patients with lower expression of NLRP1 showed 
significantly shorter overall 1–3-year OS and DFS (both 
p < 0.001 using log-rank test; Fig. 4). The logistic regres-
sion was performed using 3 models, with model 1 in-
cluding continuous data (age, BMI, NLRP1, CEA, and 
CYFRA21-1), model 2 including count data on sex, TNM 
stage and pathological type, and model 3 including data 
on lymph node metastasis and myometrial infiltration 
incidence (Table 4). The p-values of the Hosmer–Lem-
eshow test were as follows: 0.999, 0.557 and 1.000, while 
the value of Nagelkerke R2 were 0.894, 0.598 and 0.499, 
respectively, indicating the acceptable goodness-of-fit. 
The detailed original data of our logistic regression and 
the data on the linearity of independent variables, log odds 
and multicollinearity, as well as influential outliers are all 
shown in the Supplementary materials. Interestingly, lo-
gistic regression demonstrated that high expression CEA 
and CYFRA21-1, as well as TNM stage, pathological type 
and myometrial infiltration, were risk factors for 1–3-year 
mortality in NMSC.

Discussion

The  cSCC and cBCC are the  most common types 
of NMSC, although there is currently a lack of specific 
cancer biomarkers for both cBCC and cSCC. In recent 
years, NLRP1 has shown its potential as a novel research 
target in skin carcinogenesis. However, clinical studies 
on NLRP1 in NMSC are rare. In the present study, we dem-
onstrated for the first time that lower NLRP1 expression 
was associated with worse clinical outcomes and poorer 
prognosis of cSCC and cBCC patients.

The NLRP1 can act as both a cancer promotor or sup-
pressor in different cancer types. In our study, we found 
NLRP1 had low expression in both cBCC and cSCC, and 
this was associated with the patient’s poor prognosis. It was 
found that NLRP1 was downregulated in lung adenocarci-
noma patients, and decreased NLRP1 expression predicted 
their poor prognosis, showing its potential as an anti-can-
cer agent.19 In colorectal cancer, NLRP1 was also reported 
to suppress colitis-associated tumorigenesis through ac-
tivation of the NLRP1 inflammasome.20 In these studies, 
NLRP1 was downregulated and acted as a tumor suppres-
sor, which was consistent with our findings in NMSC. 
However, in breast cancer, NLRP1 was found to be a cancer 
promotor, its overexpression facilitating tumorigenesis and 
cell proliferation.21 The molecular mechanisms of these 
differences are not fully understood, partly due to the dif-
ferent effects of NLRP1 on cancer-related immunity.

Fig. 3. ROC curves for NLRP1 levels as a tool for the detection of lymph node metastasis (A), myometrial infiltration (B) and recurrence (C) and estimating 
mortality (D) in non-melanoma skin cancer (NMSC) patients
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In skin cancers, NLRP1 also plays different roles in NMSC 
and melanoma. It was reported that NLRP1 was highly ex-
pressed in melanoma, along with activation of the NLRP1 
inflammasome, and high NLRP1 expression, in turn, induced 
resistance to the drug temozolomide.22 In another study, 
it was found NLRP1 could facilitate cell proliferation and 
suppress cell apoptosis through activating the NLRP1 inflam-
masome in melanoma.23 In the present research, we mainly 
focused on the clinical significance of NLRP1 in cBCC and 
cSCC patients, finding that NLRP1 expression was decreased 
in both cBCC and cSCC patients, and its low expression was 
correlated with poorer clinical outcomes and prognosis. How-
ever, we failed to show that NLRP1 was an independent risk 
factor for 1–3-year mortality, indicating more studies should 
be conducted to confirm our results. Previous research has 
demonstrated NLRP1 level was decreased in cSCC, along 
with inhibition of ASC, caspase-1 and IL-1β, the inflamma-
some-related factors.17 Furthermore, another study reported 
that germline NLRP1 mutations were associated with the in-
cidence of multiple self-healing palmoplantar carcinomas 
(MSPC) and familial chronic lichen keratosis (FKLC), which 
are risk factors for various types of skin cancers.24 All these 
results are consistent with our findings, although up to now, 
few have reported clinical expression of NLRP1 in NMSC. 
Interestingly, the expression of another NLRP family mem-
ber, NLRP3, was also decreased in cSCC,18 and a study found 
ultraviolet radiation could activate the expression of NLRP3 

in cBCC.25 Since the pathology and molecular mechanisms 
between NMSC and melanoma differ a lot, the difference 
in NLRP1 in these cancers may be caused by other signaling 
pathways and key genes or other proteins.

Limitations of the study

The study has some limitations. We failed to prove NLRP1 
is an independent risk factor for mortality in NMSC. More-
over, we only included a small number of patients.

Conclusions

We  found that NLRP1 could be used as  a  potential 
biomarker of clinical outcomes and prognosis of NMSC. 
Lower NLRP1 levels were associated with higher incidence 
of lymph node metastasis and myometrial infiltration, and 
higher risk of recurrence and mortality. This study may 
provide a potential novel biomarker as well as a research 
target for future NMSC investigations.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.7871796. The package contains 
the following files:

Fig. 4. Kaplan–Meier curve for overall survival (OS) (A) and disease-free survival (DFS) (B)

Table 4. Logistic regression for 1–3-year mortality in non-melanoma skin cancer (NMSC)

Variables Walds OR 95% CI p-value

Age 0.572 1.039 0.941–1.148 0.450

Sex 0.120 0.805 0.236–2.747 0.729

BMI 0.220 0.937 0.714–1.230 0.639

TNM stage 27.916 74.082 15.001–365.841 <0.001

Pathological type 12.238 0.101 0.028–0.365 <0.001

Lymph node metastasis 0.905 3.000 0.312–28.841 0.341

Myometrial infiltration 5.690 36.000 1.895–684.028 0.017

NLRP1 2.315 0.913 0.812–1.027 0.128

CEA 5.206 1.007 1.001–1.013 0.023

CYFRA21-1 6.485 1.082 1.018–1.150 0.011

BMI – body mass index; TNM – tumor–nodule–metastasis; OR – odds ratio; 95% CI – 95% confidence interval.

https://doi.org/10.5281/zenodo.7871796
https://doi.org/10.5281/zenodo.7871796
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Supplementary Table 1. The test of linearity of indepen-
dent variables and log-odds, multicollinearity and influential 
outliers. Supplementary Table 2. The original output data 
of logistic regression from SPSS. Supplementary Table 3. 
The original output data of curvilinear regression from SPSS.
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Abstract
Background. Vedolizumab is recommended as a first-line biological treatment, along with other biological 
drugs, in ulcerative colitis (UC) patients in whom conventional therapy failed and as a second-line biological 
treatment following a failure of a tumor necrosis factor alpha (TNF-α) antagonist.

Objectives. We aimed to assess the real-world effectiveness and safety of vedolizumab induction therapy 
in UC patients treated in the scope of the National Drug Program (NDP) in Poland.

Materials and methods. The endpoints were the proportions of patients who reached clinical response, 
clinical remission and mucosal healing at week 14. Partial Mayo scores, Mayo subscores and C-reactive protein 
(CRP) levels were also evaluated.

Results. Our study population consisted of 100 patients (55 biologic-naïve and 45 biologic-exposed). 
The median total Mayo score at baseline was 10 (interquartile range (IQR): 9–11), and 52 patients (52%) 
had extensive colitis. The clinical response at week 14 was achieved in 83 (83%) and clinical remission in 24 
(24%) cases. Mucosal healing was observed in 56 (62%) patients at week 14. In patients with prior failure 
of biologic treatment (n = 25), 17 (68%) responded to vedolizumab treatment. A decrease in the median 
CRP level (from 3.7 mg/L to 2.6 mg/L) and the median total Mayo score (from 10 to 4) was observed. No 
new safety concerns were recorded and no patients discontinued the treatment due to adverse events (AEs).

Conclusions. Vedolizumab was effective and safe as induction therapy for UC in a Polish real-world popula-
tion including patients with severely active UC and a low number of patients with prior biological treatment 
failures.

Key words: vedolizumab, ulcerative colitis, induction therapy, real-world evidence, National Drug Program
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Background

Ulcerative colitis (UC) is an idiopathic, relapsing disor-
der of the large bowel, usually characterized by abdominal 
pain, bloody diarrhea and fatigue.1 Ulcerative colitis, if un-
controlled, leads to functional deterioration and impaired 
quality of life of affected individuals.2 Hospitalization and 
surgical intervention may be required in patients with se-
vere UC; moreover, chronic inflammation of the bowel 
increases colorectal cancer risk.3

Patients with UC usually need lifelong medical therapy, 
which typically includes aminosalicylates, corticosteroids, 
thiopurines, and biologics such as tumor necrosis factor 
alpha (TNF-α) antagonists.4 Corticosteroids, thiopurines 
and TNF-α antagonists act as systemic immunosuppres-
sants and are associated with an increased risk of serious 
infections. Disease management with agents representing 
a more selective mechanism of action is therefore highly 
preferable.

The  pathogenesis of  UC involves the  disruption 
of  the  cytokine signaling network responsible for 
the maintenance of homeostasis between epithelial cells 
of the intestines and immune cells, which leads to the in-
filtration of lymphocytes from the systemic circulation 
to the colon.5 This process is mediated by interactions 
between α4β7 integrins located on the lymphocyte cell 
surface and the mucosal addressin cell adhesion mol-
ecule-1 (MAdCAM-1) present on intestinal endothelial 
cells.6,7 Vedolizumab, a gut-selective, humanized IgG1 
monoclonal antibody directed against the human lym-
phocyte integrin α4β7, has a well-established efficacy and 
safety profile in adult patients with inflammatory bowel 
disease based on extensive clinical trials and real-world 
data.8 Due to its gut-selective manner, it does not induce 
systemic immunosuppression.9

In 2014, based on the results of the GEMINI-1 phase 
III study which confirmed the efficacy and safety of ve-
dolizumab in patients with moderate-to-severe active 
UC,10 vedolizumab was approved by the U.S. Food and 
Drug Administration (FDA) and the European Medicines 

Agency (EMA) for the treatment of moderate-to-severe 
UC in adults. Vedolizumab is recommended as a first-
line biological treatment, along with other biological 
drugs, in ulcerative colitis (UC) patients in whom con-
ventional therapy failed and as a second-line biological 
treatment following a  failure of a TNF-α antagonist.11 
The effectiveness and safety of vedolizumab for the treat-
ment of UC patients have been confirmed in real-world 
studies.12

In Poland, vedolizumab and infliximab are the only 
reimbursed biologic treatments for UC within the scope 
of the National Drug Program (NDP).13 Thus, the base-
line characteristics of patients treated with vedolizumab 
in Poland depend on the criteria of the NDP. In the popu-
lation enrolled in this study, 55% of patients treated with 
vedolizumab were biological-naïve (bio-naïve), and only 
25% had previously failed anti-TNF-α therapy.14 These 
characteristics are in contrast to cohorts from other real-
world studies investigating the effectiveness and safety 
of vedolizumab for UC, where most patients failed 1 or 2 
anti-TNF-α therapies and bio-naïve patients constituted 
less than 25% of the studied populations.12 Failure of pre-
vious anti-TNF-α therapy possibly impacts the achieved 
treatment results.

Objectives

This study aimed to evaluate the real-world effective-
ness and safety of vedolizumab induction therapy for UC 
patients treated within the scope of the NDP in Poland.

Materials and methods

Study design, setting and participants

The  POLONEZ study is  a  multicenter, non-inter-
ventional, prospective study to  evaluate the  effec-
tiveness and safety of  vedolizumab for the  treatment 
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of moderate-to-severe active UC in Poland. Consecutive 
patients who qualified for reimbursed treatment with ve-
dolizumab within the scope of the NDP were recruited 
between February and November 2019 from 12 centers 
in Poland. The inclusion criteria, defined by the NDP, were: 
moderate-to-severe active UC (total Mayo score >6),15 con-
traindications to treatment with ciclosporin, and inad-
equate response, intolerance or other contraindication 
to conventional therapy (including both corticosteroids 
and immunosuppressive drugs).13

The study protocol was approved by the Bioethics Com-
mittee of the Maria Sklodowska-Curie National Re search 
Institute of Oncology (approval No. 79/2018). All patients 
gave written informed consent to participate in the study. 
The study was registered in the European Network of Cen-
tres for Pharmacoepidemiology and Pharmacovigilance 
(ENCePP) clinical trial database.

Variables

The data regarding patient sex, age, body mass index 
(BMI), disease duration, smoking status, type of extrain-
testinal disease manifestations if present, previous and 
current concomitant medications (including the status 
of previous biologic treatment), and disease phenotype 
(according to  the  Montreal classification)16 were col-
lected. The total Mayo score14 (range: 0–12, with higher 
scores indicating a more active disease) was used to assess 
disease activity at week 0 and to assess induction effec-
tiveness at week 14. The partial Mayo score (total Mayo 
score without the endoscopic component, range: 0–9)17 
was used in subsequent follow-up visits. Clinical response 
was defined as a total Mayo score reduction by ≥3 points. 
Clinical remission was established as a Mayo score ≤2 and 
no subscore higher than 1. Mucosal healing was defined 
as an endoscopic Mayo score ≤1.

Vedolizumab was administered as  induction therapy 
according to its label (300 mg intravenous (i.v.) at weeks 0, 
2 and 6). Concomitant medications such as 5-aminosali-
cylic acid (5-ASA) derivatives (mesalazine or sulfasalazine), 
steroids (prednisone, methylprednisolone or budesonide) 
and immunomodulators (azathioprine or mercaptopurine) 
were recorded.

Patients were evaluated during their visits at baseline 
and week 14. The primary endpoint of  this study was 
clinical response and clinical remission, as defined above. 
The secondary endpoint was the drug’s safety. There were 
also the following exploratory endpoints: mucosal heal-
ing, changes in the total and partial Mayo scores, Mayo 
subscale scores, C-reactive protein (CRP) concentrations, 
corticosteroid usage, and occurrence of extraintestinal 
symptoms.

Subgroup analyses included bio-naïve, biologic-exposed 
(bio-exposed) and biologic-failure (bio-failure) patients. 
Additionally, clinical response was evaluated separately 
in the following subgroups: I. patients who had mucosal 

appearance upon endoscopy indicative of severe disease 
(Mayo score on an endoscopic subscale = 3) at baseline; II. 
patients who had a high total Mayo score (>9) at baseline; 
III. patients who were hospitalized up to 12 months before 
the enrollment into the study.

Safety

The safety population consisted of all patients who re-
ceived at least 1 dose of vedolizumab. All adverse events 
(AEs) which occurred between the visit at week 0 and 
the visit at week 14 were recorded. The results were ex-
pressed according to the Medical Dictionary of Regulatory 
Activities (MedDRA) 23.0 terminology.18

Statistical analyses

Continuous variables are shown as median and inter-
quartile ranges (IQRs; 1st quartile–3rd quartile (Q1–Q3)). 
Boxplots represent median values and IQRs (boxes) while 
error bars represent the minimum and maximum values. 
Categorical variables are shown as the number of obser-
vations and percentages. To compare groups, the Mann–
Whitney U  test or  paired Wilcoxon test was used for 
quantitative variables and the χ2 test (or Fisher’s test) for 
qualitative variables. All statistical analyses were done 
using R v. 3.5 software (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

Patient flow and baseline characteristics

A total of 100 patients were recruited for the study and 
91 completed the visit at week 14. Patient dispositions are 
shown in Fig. 1. A median of 3 vedolizumab doses were 
administered to each patient.

Fig. 1. Patient disposition

UC – ulcerative colitis.

UC patients at week 0:
n = 100

Completed week 14 visit:
n = 91

Discontinued by week 14
No response to treatment:

n = 9

Responded to treatment:
n = 83

No response to treatment:
n = 8
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The baseline characteristics of the patients are given 
in Table 1. Approximately half of the patients had extensive 
mucosal involvement (pancolitis). More than half of the pa-
tients had not been previously exposed to biological drugs 
(i.e., they were bio-naïve). Among bio-exposed patients, 
44 (98%) received anti-TNF-α treatment (infliximab and/
or adalimumab). Failure of anti-TNF-α treatment was re-
ported in 25 individuals (57% of patients treated with anti-
TNF-α). At baseline, almost half of the patients received 
concomitant immunosuppressants, and 2 in 3 received cor-
ticosteroids. Detailed baseline demographics and the clini-
cal profile of the study group were described previously.14

Effectiveness outcomes

Overall, 83 (83%) patients responded to vedolizumab 
at week 14. The percentage of responding patients was 
slightly higher in  bio-naïve patients and lower in  bio-
exposed patients. In patients who had previously failed 
to respond to anti-TNF-α treatment, approx. 2/3 responded 

to  induction treatment with vedolizumab (Fig. 2A). 
Twenty-four percent of  all patients (27% of  bio-naïve 
patients and 20% of bio-exposed patients) were in clini-
cal remission at week 14 (Fig. 2B). Mucosal healing was 
achieved in 56 patients (62% of patients reaching week 14, 
68% of responders; Fig. 2C, Fig. 3A).

The median total Mayo score decreased from 10 at week 0  
to  4 at  week  14 (Fig. 2D). The  magnitude of  change 
in  the  total Mayo score was similar across subgroups 
(Fig. 2D). In the subgroup of responders, the decrease 
in the median total Mayo score was more pronounced, 
from 10 at week 0 to 3 at week 14 (Fig. 3B). In the overall 
study group, a decrease in the median CRP concentra-
tion from 3.7 mg/L at baseline to 2.6 mg/L at week 14 
was reported (Fig. 2E). The decrease in CRP from base-
line to  week  14 reached statistical significance only 
in the bio-naïve patients. In the bio-exposed and bio-fail-
ure subgroups, CRP median values increased throughout 
the study (Fig. 2E). For the subgroup of responders, CRP 
levels and partial Mayo score at weeks 0 and 14 as well 
as clinical remission results are presented in Supplemen-
tary Fig. 1.

Improvements were reported in all Mayo subscales 
from baseline to  week  14 in  the  overall study group 
(p < 0.001 for each subscale, Table 2). A quarter of pa-
tients had normal stool frequency (compared to  0% 
at  baseline) and almost half of  the  patients had 1–2 
stools more than normal at week 14 (compared to 3.3% 
at baseline). At week 14, 2/3 of patients reported no rectal 
bleeding. Approximately 1 in 5 patients had a mucosal 
appearance graded as normal or corresponding to inac-
tive disease, and had disease activity rated by the phy-
sician as normal at week 14. The  results for the bio-
naïve, bio-exposed and bio-failure subgroups are shown 
in Supplementary Table 1.

No major change in extraintestinal symptoms through-
out the induction therapy with vedolizumab was observed. 
At baseline, 11 (12%) patients reported extraintestinal 
symptoms, mostly arthralgia (n = 10, 11%). At week 14, 
among the 91 evaluated patients, extraintestinal symp-
toms were present in 12 (13%) individuals and arthralgia 
in 11 (12%).

Concomitant treatment with 
corticosteroids

In the overall study group, the percentage of patients 
treated with corticosteroids dropped by 45% from week 0 
to week 14 (Supplementary Fig. 2A). The decrease was most 
pronounced in the bio-naïve patients (53.1%). In the bio-
exposed and bio-failure groups, the number of individuals 
on corticosteroids decreased by 35.7% and 21.7%, respec-
tively. At week 14, 1 in 8 patients in the bio-naïve subgroup 
and more than half of the patients in the bio-failure sub-
group were on corticosteroids (Supplementary Fig. 2B).

Table 1. Baseline characteristics of the patients (baseline demographic 
and clinical characteristics of the study population were published 
elsewhere14)

Characteristic Value (n = 100)

Age [years] 35.0 (26.0–43.0)

Male sex, n (%) 51 (51)

BMI [kg/m2] 23.4 (19.7–26.8)

Smoking status, n (%)

smoker 4 (4)

ex-smoker 26 (26)

nonsmoker 70 (70)

Time from diagnosis [years] 6 (3–11)

Total Mayo score 10.0 (9.0–11.0)

Partial Mayo score 7.0 (6.0–8.0)

Disease extent, n (%)

proctitis 6 (6)

left-sided colitis 42 (42)

pancolitis 52 (52)

Extraintestinal 
manifestations 
at enrollment, n (%)

arthralgia 12 (12)

primary sclerosing 
cholangitis

1 (1)

Previous biologic 
treatment, n (%)

biologic-naïve 55 (55)

biologic-exposed 45 (45)

infliximab only 40 (40)

adalimumab only 2 (2)

infliximab and 
adalimumab

2 (2)

golimumab and 
vedolizumab within 

clinical trials
1 (1)

Concomitant immunomodulator, n (%) 45 (45)

Concomitant systemic corticosteroids, n (%) 68 (68)

BMI – body mass index. Values are shown as medians (interquartile range 
(IQR)) unless stated otherwise.
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The median daily dose of prednisolone equivalent de-
creased in the general study population (from 10 mg at week 0 
to 0 mg at week 14) and in each subgroup (Supplementary 
Fig. 2C), similarly to the subgroup of responders (Supplemen-
tary Fig. 2D). Taking into consideration only patients treated 
with corticosteroids, the median (range) dose of predniso-
lone equivalent changed from 20 mg (5–60 mg) at week 0 
to 15 mg (2.5–40 mg) at week 14 (Supplementary Fig. 2E).

Adverse events

A total of  5  patients experienced AEs during ve-
dolizumab induction therapy (Supplementary Table 3). 
All recorded AEs were classified as serious AEs (SAEs). 
In 1 patient, the AE was deemed to be associated with 
treatment by the treating physician. Two AEs belonged 
to the MedDRA system organ class (SOC) of infections 

Fig. 2. Clinical effectiveness of vedolizumab in induction therapy for ulcerative colitis in the overall study population. A. Clinical response at week 14; 
B. Clinical remission at week 14; C. Mucosal healing at week 14; D. Total Mayo score at weeks 0 and 14; E. C-reactive protein (CRP) levels at weeks 0 and 14. 
Boxes correspond to median values and interquartile ranges (IQRs), and error bars represent minimums and maximums
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and infestations. None of the patients discontinued ve-
dolizumab treatment due to AEs.

Discussion

In this study, vedolizumab was effective and safe as in-
duction therapy for UC in a Polish real-world study popu-
lation. Approximately 8 in 10 patients responded to treat-
ment and more than 60% of patients achieved endoscopic 
remission at week 14. To our knowledge, this is the first 
report on vedolizumab’s real-world effectiveness in UC 
treatment not only for Poland but also for the Central and 
Eastern Europe regions.

The clinical response rate observed in our study was 
higher than in the randomized clinical trials. In a piv-
otal trial reported by Feagan et al.,10 47.1% of patients re-
sponded to treatment at week 6, and in a more recent study 
conducted by Sands et al.,19 the response rate at week 14 
was 67.1%. Across multiple European real-world studies, 
the clinical response rate at week 14 varied between 43.2% 
and 67%.20–24 In our study, a response rate of 68% was 
reported for patients with a prior failure to biologic treat-
ment. However, our definition of response was generally 
less stringent than those applied in corresponding studies, 
as it included only the criterion of a decrease in the Mayo 
score by at least 3 points. Additionally, our study popula-
tion included a higher percentage of bio-naïve patients. 

Fig. 3. Clinical effectiveness 
of vedolizumab in induction therapy 
for ulcerative colitis in the subgroup 
of responders. A. Mucosal healing 
at week 14; B. Total Mayo score at weeks 
0 and 14. Boxes correspond to median 
values and interquartile ranges (IQRs), 
and error bars represent minimums and 
maximums
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In a study reported by Kopylov et al. on a cohort of bio-na-
ïve patients, the response rate of 79.1% at week 14 was more 
similar to our findings.25 Furthermore, a reported mucosal 
healing rate of 58.5% at week 14 was also similar to the rate 
reported in our study (61.5%). However, in the aforemen-
tioned study, clinical remission was found in almost 40% 
of patients at week 14, which was a higher percentage than 
in our patient population (overall: 24%, bio-naïve: 27.3%). 
Similarly, in a recent observational study including only 
bio-naïve patients with UC and Crohn’s disease, a clinical 
response after 14 weeks of vedolizumab treatment was 
reported in 67.9% of UC patients and steroid-free remission 
– in almost half of them (46.4%).26

In line with the observed reduced effectiveness of 2nd and 
3rd anti-TNF-α treatments in patients with UC in whom 
anti-TNF-α therapy failed before,27,28 vedolizumab was 
shown to be less effective in anti-TNF-α-experienced indi-
viduals. A recent randomized trial by Sands et al. reported 
that 34.2% of bio-naïve patients achieved clinical remis-
sion at week 52, compared with 20.3% of those who were 
previously treated with anti-TNF-α drugs.19 These find-
ings were confirmed in real-world populations. In stud-
ies reported by Narula et al. and Plevris et al., patients 
treated with vedolizumab with prior exposure to anti-
TNF-α therapy had a reduced probability of achieving 
clinical remission and mucosal healing than those with no 
history of anti-TNF-α treatment.29,30 The greater effective-
ness of vedolizumab in bio-naïve patients was also high-
lighted in a meta-analysis of real-world studies by Sch-
reiber et al.31 Our study is consistent with these reports 
– both clinical response and endoscopic remission rates 
were observed more frequently in bio-naïve compared 
to bio-failure patients.

Several predictors of response to vedolizumab in UC 
were described in previous real-world studies. Prior anti-
TNF-α exposure is  the most recognized negative pre-
dictive factor for vedolizumab treatment response and 
our report seems to confirm those results.32–35 Also, el-
evated CRP levels at baseline were associated with a lower 
chance of achieving response34,36 or steroid-free remis-
sion,21 which is in line with our findings. Recently, colonic 
eosinophilia was described as a promising biomarker for 
response to vedolizumab.36 Our study, in contrast to other 
reports,22,23,32,37 showed no relationship between clinical 
activity at baseline and treatment outcome.

The number of AEs reported in our study was generally 
lower than in other real-world studies. In France, SAEs 
were detected in 8.2% of patients in a 14-week induction 
trial in inflammatory bowel disease, and in 5.1% of indi-
viduals, vedolizumab was discontinued due to the SAEs.22 
Kopylov et al. reported AEs in 14.2% of patients receiving 
vedolizumab as induction therapy for inflammatory bowel 
disease in Israel.23 In a multinational cohort of bio-naïve 
patients, AEs occurred in 11% of patients during induc-
tion therapy with vedolizumab, leading to treatment dis-
continuation in 3.3% of individuals.25 However, in a 2018 
meta-analysis by Schreiber et al. summarizing safety data 
from 46 real-world studies on vedolizumab for inflam-
matory bowel disease, the overall AE rates were reported 
to range between 0% and 67% (for SAEs, 0–13%).31 In our 
study, infections and infestations were the most frequent 
category of AEs. Clostridioides difficile and cytomegalo-
virus infections were reported in 2.5% of patients from 
the Israeli cohort,23 which is in line with our findings. No 
new safety concerns were identified in our study. Impor-
tantly, no patient discontinued the treatment due to AEs.

Table 2. Changes in Mayo subscales from week 0 to week 14 of induction therapy with vedolizumab (n = 91)

Mayo score on a subscale Week 0, n (%) Week 14, n (%) p-value*

Stool frequency

normal (0) 0 (0.0) 23 (25.3)

<0.001
1–2 stools/day more than normal (1) 3 (3.3) 43 (47.3)

3–4 stools/day more than normal (2) 19 (20.9) 15 (16.5)

>4 stools/day more than normal (3) 69 (75.8) 10 (11.0)

Rectal bleeding

none (0) 3 (3.3) 60 (65.9)

<0.001
visible blood with stool less than half of the time (1) 19 (20.9) 23 (25.3)

visible blood with stool half of the time or more (2) 56 (61.5) 7 (7.7)

passing blood alone (3) 13 (14.3) 1 (1.1)

Mucosal appearance 
at endoscopy

normal or inactive disease (0) 0 (0.0) 17 (18.7)

<0.001
mild disease (1) 3 (3.3) 39 (42.9)

moderate disease (2) 25 (27.5) 22 (24.2)

severe disease (3) 63 (69.2) 13 (14.3)

Physician rating of disease 
activity

normal (0) 0 (0.0) 15 (16.5)

<0.001
mild (1) 0 (0.0) 55 (60.4)

moderate (2) 36 (39.6) 17 (18.7)

severe (3) 55 (60.4) 4 (4.4)

* paired Wilcoxon test.
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Limitations

Although the group of 100 consecutive patients with UC 
represents one of the largest real-world cohorts studied pro-
spectively for vedolizumab,12,32 the study limitations include 
a relatively small sample size. For this reason, we could not 
analyze treatment response in the subgroups of patients 
co-treated with corticosteroids and/or immunosuppres-
sants. The low number of non-responders to vedolizumab 
induction therapy impacted the approach to perform sta-
tistical analysis for predictors of treatment response and 
could have also affected the results. Additionally, as this 
was a multicenter real-world study, certain differences 
in clinical practice patterns and medical procedures cannot 
be excluded. Nevertheless, all patients included in our study 
were treated with vedolizumab in the scope of the NDP, and 
its requirements allowed for the clinical data to be fully and 
systematically collected. Furthermore, data for an impor-
tant therapeutic monitoring biomarker, fecal calprotectin, 
were not assessed in our study.

Conclusions

In summary, our study showed that vedolizumab is ef-
fective as induction therapy for UC, with 8 in 10 patients 
responding to treatment in a Polish real-world study popu-
lation characterized by a high severity of UC and a low 
number of patients with prior anti-TNF-α therapy failure. 
The observed favorable safety profile of vedolizumab was 
consistent with the results of randomized clinical trials 
and other real-world studies.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.7773901. The package contains 
the following files:

Supplementary Table 1. Changes in Mayo subscales from 
week 0 to week 14 of induction therapy with vedolizumab 
in bio-naïve, bio-exposed and bio-failure patients with UC.

Supplementary Table 2. Adverse events in  patients 
with UC treated with vedolizumab using MedDRA 23.0 
terminology.

Supplementary Fig. 1. Clinical effectiveness of vedoli-
zumab in induction therapy for UC in the group of re-
sponders. A.  Clinical remission at  week  14; B.  Partial 
Mayo scores at weeks 0 and 14; C. C-reactive protein levels 
at weeks 0 and 14. Boxes correspond to median values and 
IQRs, error bars represent minimums and maximums.

Supplementary Fig. 2. Percentage of patients receiving 
concomitant corticosteroids at weeks 0 and 14 in the over-
all study population (A) and in the subgroup of responders 
(B); Doses of prednisolone equivalent (without budesonide) 
at weeks 0 and 14 in  the overall study population (C), 
in the subgroup of responders (D), and only in patients 

currently treated with corticosteroids (E). Boxes corre-
spond to median values and IQRs, error bars represent 
minimums and maximums.
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Abstract
Background. Non-small cell lung cancer (NSCLC) is a common clinical cancer with high mortality. The lectin 
galactoside-binding soluble 1 (LGALS1) is an RNA-binding protein (RBP) involved in NSCLC progression. 
Alternative splicing (AS) is a vital function of RBPs that contributes to tumor progression. It is unknown 
whether LGALS1 regulates NSCLC progression through AS events.

Objectives. To profile the transcriptomic landscape and LGALS1-regulated AS events in NSCLC.

Materials and methods. The A549 cells either with silenced LGALS1 (siLGALS1 group) or without them 
(siCtrl group) were subjected to RNA sequencing; differentially expressed genes (DEGs) and AS events were 
discovered and then the AS ratio was validated using reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR).

Results. High LGALS1 expression indicates poor overall survival (OS), first progression (FP) and post-
progression survival (PPS). A total of 225 DEGs were identified, including 81 downregulated and 144 up-
regulated in the siLGALS1 group compared to the siCtrl group. Differentially expressed genes were mainly 
enriched in interaction-related Gene Ontology (GO) terms and involved in cGMP-protein kinase G (PKG) and 
calcium signaling pathways. The RT-qPCR validation showed that the expressions of ELMO1 and KCNJ2 were 
upregulated, while HSPA6 was downregulated after LGALS1 silencing. The expressions of KCNJ2 and ELMO1 
were upregulated to a peak at 48 h after LGALS1 knockdown, while HSPA6 expression decreased, after which 
their expressions returned to baseline. The overexpression of LGALS1 rescued the elevation in KCNJ2 and 
ELMO1 expression, and decrease in HSPA6 expression induced by siLGALS1. A total of 69,385 LGALS1-related 
AS events were detected, which produced 433 upregulated and 481 downregulated AS events after LGALS1 
silencing. The LGALS1-related AS genes were mainly enriched in the apoptosis and ErbB signaling pathways. 
The LGALS1 silencing led to a decrease in the AS ratio of BCAP29 and an increase in CSNKIE and MDFIC.

Conclusions. We characterized the transcriptomic landscape and profiled AS events in A549 cells following 
LGALS1 silencing. Our study provides abundant candidate markers and new insights into NSCLC.

Key words: NSCLC, alternative splicing, RNA binding proteins, LGALS1 silencing, transcriptome landscape
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Background

Lung cancer is a frequent malignant disease with high 
mortality,1 and non-small cell lung cancer (NSCLC) ac-
counts for the majority of lung cancer cases. This disease 
can be classified as lung adenocarcinoma (LUAD) or lung 
squamous cell carcinoma (LUSC).2 Despite considerable 
progress in early diagnosis, there is still a high recurrence 
rate after treatment,3 and the pathogenesis of NSCLC re-
mains largely unknown. Thus, it is urgent to identify new 
driver genes and elucidate their mechanism to provide 
clinical advancements.

RNA-binding proteins (RBPs) play an important role 
in translation and gene regulation,4,5 driving the devel-
opment of many diseases and cancers.6 The RBP lectin 
galactoside-binding soluble 1 (LGALS1) is a β-galactoside-
binding protein that has a carbohydrate recognition do-
main,7 and an extensive body of research has revealed 
that LGALS1 participates in  the progression of multi-
ple tumors.8,9 For example, the upregulated expression 
of LGALS1 promotes the NSCLC progression by inter-
acting with non-SMC condensin  I complex subunit  G 
(NCAPG).10 Nevertheless, the mechanism and manner 
by which LGALS1 participates in the NSCLC progression 
are largely unknown.

Alternative splicing (AS) is a vital function of RBPs. 
It  is reported that more than 90% of genes undergo AS 
to  regulate gene expression, which ultimately results 
in proteome diversity,11 but can also increase cancer risk.12 
The LGALS1 participates in pre-mRNA splicing, and it has 
been reported to regulate gene expression.13 The LGALS1 
was shown to reduce CaV1.2 calcium channel currents re-
sulting in the regulation of vascular constriction via AS.14 
However, whether LGALS1 AS may regulate the NSCLC 
pathological processes remains unclear.

Objectives

We aimed to evaluate whether LGALS1 exerts its regula-
tory effects through the regulation of gene expression and 
AS to discover new prognostic and therapeutic targets 
for NSCLC. For this purpose, we knocked down LGALS1 
in A549 cells and analyzed the differentially expressed 
genes (DEGs) and LGALS1-regulated AS events associated 
with NSCLC.

Materials and methods

Public databases

The Kaplan–Meier plotter (http://kmplot.com/analysis/
index.php?p=service&cancer=lung) was used to analyze 
the relationship between LGALS1 expression and survival, 

including overall survival (OS), first progression (FP) and 
post-progression survival (PPS), based on the set of NSCLC 
samples. Data were processed based on the study by Győrffy 
et al.15 The Cancer Genome Atlas (TCGA, http://cancerge-
nome.nih.gov) was used to analyze the expression pattern 
of LGALS1 in NSCLC.

Cell culture and transient transfection

Human A549 (#CL-0016) and H1650 (#CL-0166) cell 
lines were purchased from China Procell Life Science & 
Technology (Wuhan, China). Normal human lung epithe-
lial BEAS-2B cells and human H1299 cells were provided 
by our laboratory. Cells were cultured in a minimum es-
sential medium (OPTI-MEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin, and 
maintained at 37°C with 5% CO2.

All small interfering RNA (siRNA) duplexes were de-
signed and synthesized in Suzhou Jima Gene Co. Ltd (Su-
zhou, China). The LGALS1 siRNA sequences (siLGALS1-1) 
and negative control siRNA sequences (siCtrl) are listed 
in Supplementary Table 1.

Silencing LGALS1 lentivirus vectors (shLGALS1) were 
used based on pSLenti-U6-shRNA-CMV-EGFP-2A-Puro, 
and blank vectors served as the control group (shCtrl).

Transient transfection of siRNA sequences and shRNA 
vectors was performed using Lipofectamine™ 2000 (Invit-
rogen, Waltham, USA), according to the manufacturer’s in-
structions. Briefly, 1 day before transfection, A549 cells were 
seeded in 6-well plates (Corning, Tewksbury, USA) at a den-
sity of 5×105 cells per well. The siRNA sequences were mixed 
with OPTI-MEM at a ratio of 5 μL:45 μL. The transfection 
reagent Lipofectamine™ 2000 (5 μL) was also diluted with 
45 μL of OPTI-MEM. Next, 50 μL of diluted siRNA and 
50 μL of diluted transfection reagent were mixed and incu-
bated for 15 min at room temperature. After that, the entire 
mixture was added into the A549 cell sample to incubate 
for another 24 h until subsequent assays were performed.

Western blot

Radioimmunoprecipitation assay (RIPA) Lysis and 
Extraction Buffer (#89900; Thermo Fisher Scientific, 
Waltham, USA) were used to lyse the A549 cells on ice 
for 15 min; then the product was centrifuged at 12,000 rpm 
for 10 min at 4°C, and the supernatant was discarded. 
The concentration of protein precipitate was measured 
with the bicinchoninic acid (BCA) method and repeated 
3 times on each protein extraction. A total of 20 μg of pro-
tein was isolated using sodium dodecyl-sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and transferred 
onto the  polyvinylidene fluoride (PVDF) membrane. 
The transfer efficiency was checked with Ponceau red. 
The membrane was blocked at 25°C for 3 h with a Tris-HCl 
buffered salt solution with Tween-20 (TBST) containing 5% 
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skimmed milk powder. Next, the membrane was incubated 
with anti-LGALS1 (ab266850, 1:1000; Abcam, Cambridge, 
UK) or anti-GAPDH (60004-1-Lg, 1:1000; Proteintech, 
Rosemont, USA) at 4°C overnight. The next day, Goat 
Anti-Mouse IgG H&L (HRP) (A0216, 1:1000; Beyotime 
Biotechnology, Shanghai, China) and Goat Anti-Rabbit IgG 
H&L (HRP) (A0208, 1:1000; Beyotime Biotechnology) were 
added and incubated for 2 h, washed with Tris-buffered sa-
line containing 0.1% Triton X-100 (TBST) 3 times, and then 
imaged using ECL chemiluminescence (Thermo Fisher 
Scientific, Waltham, USA) on the chemiluminescence in-
strument (ChemiScope series, model 6000EXP, serial No. 
610005-7Q;  Qinxiang, Shanghai, China).

After imaging, the  expression of  LGALS1 relative 
to GAPDH was calculated using ImageJ software (National 
Institutes of Health, Bethesda, USA).

RNA sequencing and data quality control

The genomic material was removed from A549 cells, and 
total RNA was separated using the Trizol reagent (Invitro-
gen) in both the siLGALS1 group (n = 3) and siCtrl group 
(n = 3). The RNA was purified using an RNA purification kit 
(Tiangen, Beijing, China) and the concentration and qual-
ity of each RNA sample was determined using SmartSpec 
Plus (BioRad, Hercules, USA) by calculating the absorbance 
at 260 nm/280 nm (A260/A280). The RNA sequencing 
(RNA-seq) libraries were prepared with the KAPA Stranded 
mRNA-seq Kit for Illumina® Platforms (#KK8401; KAPA 
Biosystems, Boston, USA) according to the manufacturer’s 
instructions. Briefly, 1 μg of intact total RNA was used for 
library construction. Poly(A) RNA was captured with mag-
netic oligo-dT beads, which were then resuspended in 1X 
Fragment, Prime and Elute Buffer to elute the captured 
RNA. Next, the RNA was fragmented to the desired size 
by heating in the presence of Mg2+. Then, first-strand cDNA 
was synthesized with random oligo-dT primers followed 
by second-strand cDNA synthesis, and double-stranded 
cDNA was manufactured with RNA while marking the sec-
ond-strand with dUTP. Next, dAMP was added to the 3’-end 
of double-strand cDNA fragments to obtain the 3’-dAMP 
library fragments, followed by 3’-dTMP adapter ligation, 
and the adapter-ligated library DNA was amplified using 
polymerase chain reaction (PCR). Finally, library fragment 
size distribution was confirmed with electrophoresis, and 
library concentration was determined with quantitative 
PCR (qPCR). Then, RNA-Seq libraries were sequenced 
on the Illumina NovaSeq 6000 platform using paired-end 
150 nt reads. Raw reads were filtered using the FASTX-
Toolkit (v. 0.0.13) (http://hannonlab.cshl.edu/fastx_toolkit/
index.html) to discard low-quality reads. The alignment 
of clean reads was then performed by tophat216 mapped 
to the GRCh38 human reference genome. Uniquely mapped 
results were used to obtain the read count of a gene as ex-
pression and then normalized using the FPKM algorithm.17

DEGs analysis

The edgeR package18 was used to distinguish DEGs be-
tween the siLGALS1 group and the siCtrl group employing 
criteria of the false discovery rate (FDR) less than 0.05 and 
fold change ≥2 or ≤0.5. To predict functional categories 
of siLGALS1-related genes, Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
analysis were performed using the KOBAS 2.0 server.19

RBP-related AS analysis

The ABLas pipeline was applied for identifying and quan-
tifying the AS events and regulated AS events (RASEs).20 
In short, 10 types of normative AS events were detected 
in 2 groups based on the splice junction reads, including 
cassette exons (CE), exon skipping (ES), mutual exclusive 
exon skipping (MXE), alternative 3’ splice site (A3SS), A3SS 
and ES (A3SS & ES), MXE combined with an alternative 
polyadenylation site (3pMXE) or an alternative 5’ promoter 
(5pMXE), alternative 5’ splice sites (A5SS), A5SS and ES 
(A5SS & ES), and intron Retained (introR). Next, to deter-
mine RBP-related RASEs, the difference in AS events be-
tween the siLGALS1 group and the siCtrl group was evalu-
ated using Student’s t-test. The difference in AS events with 
a p-value cutoff corresponding to an FDR cutoff of 5% was 
considered RBP-related RASE.

RTqPCR verification of DEGs and AS

Primers of DEGs were designed using Primer Premier 
v.  6.0 (http://www.premierbiosoft.com/primerdesign/) 
validated with qPCR. For reverse transcription (RT)-qPCR 
validation (each gene was repeated 9 times), M-MLV Re-
verse Transcriptase (Vazyme Biotech, Nanjing, China) was 
used for RNA reverse transcription into cDNA. The SYBR 
Green PCR Reagents Kit (Yeasen Biotechnology, Shanghai, 
China) was used for the PCR reaction with 3 repetitions 
on the StepOne Realtime PCR System. The gene expres-
sion level was normalized to GAPDH using the 2−ΔΔCT 
method.21

To verify AS events (each gene was repeated 9 times), 
a boundary-spanning primer was used to detect alterna-
tive isoforms for the sequence containing the  junction 
of the alternative exon (according to “model exon” to detect 
model splicing or “altered exon” to detect altered splicing) 
and constitutive exon. The sequence containing the con-
stitutive exon was detected with an  opposing primer. 
The primer sequences are listed in Supplementary Table 1.

Statistical analyses

GraphPad Prism v. 9.0 (GraphPad Software, San Di-
ego, USA) was used for statistical analysis. Data were ob-
tained from at least 3 independent samples and indicated 
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as means ± standard deviation (M ±SD). Considering that 
the sample size is less than 10, the data are all analyzed 
using a nonparametric test. The statistical comparison 
between the siLGALS1 group and the siCtrl group was 
performed using Mann–Whitney (M–W) test when the to-
tal sample >7; otherwise, the t-test was performed (data 
conformed to the normal distribution and variance ho-
mogeneity). The comparison between 3 or 4 groups was 
determined with Kruskal–Wallis (K–W) test followed 
by Dunn’s multiple comparison test. A p-value <0.05 was 
considered statistically significant.

Results

High expression of the LGALS1 gene 
corresponds to a poor prognosis of NSCLC

To determine whether LGALS1 expression was associ-
ated with NSCLC progression, the Kaplan–Meier plot-
ter was used for drawing OS, FP and PPS curves based 
on the LGALS1 mRNA expression, which was stratified 
into low- and high-expression groups. The results showed 
that patients in the LGALS1 high-expression group exhib-
ited a significant decrease in the OS (log-rank p = 6.6e-13), 
FP (log-rank p = 0.044) and PPS (log-rank p = 0.00026) 
compared with the LGALS1 low-expression group (Fig. 1), 
suggesting that high expression of the LGALS1 gene cor-
related with poor prognosis of NSCLC. However, unex-
pectedly, according to TCGA, LGALS1 expression was 
not statistically different in  tumor and control tissues 
(Supplementary Fig. 1).

LGALS1 silencing alters  
the transcriptomic landscape of A549 cells

First, we performed RT-qPCR to determine LGALS1 ex-
pression in 4 NSCLC cell lines and normal cells. The results 
showed that compared with the BEAS-2B cell, LGALS1 
was significantly overexpressed in 3 NSCLC cell lines, 
with its highest expression observed in A549 cells (K–W 
test, H = 9.462, p = 0.0067) (Fig. 2A). Therefore, to assess 
the molecular mechanisms of LGALS1 in NSCLC, we si-
lenced LGALS1 expression in A549 cells using siRNA. 
The mRNA (M–W test, U = 0, p < 0.0001) and protein 
(t-test, t = 4.824, degrees of freedom (df) = 4, p = 0.0485) 
expression of LGALS1 in the siLGALS1 group were sig-
nificantly lower than in the siCtrl group, suggesting that 
the knockdown was successful (Fig. 2B,C). Then, A549 
cells containing silenced LGALS1 were subjected to tran-
scriptome sequencing. The LGALS1 expression was also 
significantly reduced in the RNA-seq analysis, supporting 
the successful LGALS1 knockdown (t-test, p = 7.52e-14) 
(Fig. 2D). The Q30 and GC content of all 6 samples were 
larger than 94.9% and 50%, respectively (Supplementary 
Table 2), indicating that the quality control of transcrip-
tome sequencing was good. Principal component analysis 
(PCA) showed that samples from the siLGALS1 group and 
the siCtrl group could be distinguished from each other 
(Fig. 2E), suggesting that the interference in LGALS1 ex-
pression leads to an alteration in transcriptomic profile 
in A549 cells.

To further investigate the genes regulated by LGALS1, 
DEGs (|fold change| >2 and FDR < 0.05) induced by LGALS1 
silencing were characterized. A total of 225 DEGs were iden-
tified, including 144 upregulated and 81 downregulated 
DEGs in the siLGALS1 group compared to the siCtrl group 

Fig. 1. High expression of lectin galactoside-binding soluble 1 (LGALS1) indicates poor prognosis in non-small cell lung cancer (NSCLC). The pattern 
of overall survival (OS) (A), first progression (FP) (B) and post-progression survival (PPS) (C) of NSCLC patients with high and low LGALS1 expression levels

HR – hazard ratio.
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(Fig. 2F). After hierarchical clustering of all the DEGs, 
a robust distinction was observed between the 2 groups, 
and a high coincidence among the changes was also ob-
served in the 3 replicates (Fig. 2G). These results suggest 
that LGALS1 silencing alters the transcriptomic landscape 
of A549 cells.

Functional clustering analysis of DEGs

Next, we used the KOBAS 2.0 server to predict the mo-
lecular functions and metabolic pathways of  up- and 
downregulated DEGs, respectively. The results showed 
that upregulated DEGs only affected small molecule meta-
bolic processes and DNA transcription, and were mainly 
involved in cell adhesion molecules and chemical carcino-
genesis pathways (Fig. 3A,B). In addition, downregulated 
DEGs were enriched to interaction-related GO terms such 
as extracellular matrix, steroid binding, laminin binding, 
and ankyrin binding (Fig. 3C). The KEGG analysis found 
that downregulated DEGs were mainly associated with 
protein digestion and absorption, cGMP-protein kinase 
G (PKG) signaling pathway, and calcium signaling path-
ways (Fig. 3D). These results imply that LGALS1 silencing 
alters numerous physiological processes in A549 cells via 
DEGs.

RT-qPCR validation  
of LGALS1-regulated DEGs

To  further verify the  reliability of  RNA-seq results, 
we selected 5 DEGs which were highly abundant dur-
ing RT-qPCR validation. Importantly, these 5 genes were 
reported to be connected to the progression of NSCLC, 
including ELMO1,22 KCNJ2,23 IGFBP5,24 HSPA6,25 and 
TINAGL1.26 The RT-qPCR results of 5 DEGs were in con-
cordance with the RNA sequencing results (Fig. 4), with 
the expression of KCNJ2 (M–W test, U = 1, p = 0.0002) and 
ELMO1 (M–W test, U = 9, p = 0.0289) being upregulated 
after LGALS1 silencing, whereas HSPA6 (M–W test, U = 9, 
p = 0.0465) was downregulated. However, the expression 
of TINAGL1 (M–W test, U = 33, p = 0.8148) and IGFBP5 
(M–W test, U = 8, p = 0.1320) exhibited no significant 
difference between the siLGALS1 group and siCtrl group 
with RT-qPCR. These results imply that KCNJ2, HSPA6 
and ELMO1 may be functional genes located downstream 
from LGALS1 signaling.

Given that gene regulation is time-dependent, we exam-
ined the expression of DEGs (KCNJ2, HSPA6 and ELMO1) 
at different timepoints after LGALS1 knockdown to fur-
ther validate the regulation of DEGs by LGALS1. Gene 
expression in the shCtrl group did not change with time, 

Fig. 2. Lectin galactoside-binding soluble 1 (LGALS1) silencing alters the transcriptomic landscape of A549 cells. A. LGALS1 expression in different cell lines. 
The silencing efficacy of LGALS1 was quantified using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) (B) and western blot (C) 
in A549 cells; D. LGALS1 expression in RNA sequencing (RNA-seq) results exhibited by FPKM; E. Principal component analysis (PCA) plot of RNA-seq data 
for 3 biological replicates in the silenced LGALS1 (siLGALS1) and siCtrl groups; F. Differentially expressed genes (DEGs) when comparing siLGALS1 and siCtrl 
groups in A549 cells. The upregulated DEGs are marked red, and the downregulated DEGs are marked blue (siLGALS1 compared to siCtrl); G. Heatmap 
of DEGs

* p < 0.05; ** p < 0.01; *** p < 0.001.
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while LGALS1 mRNA expression gradually decreased 
in the shLGALS1 group compared with the shCtrl group, 
reaching a minimum at 48 h, after which the transient 

knockdown effect gradually disappeared (Fig. 5A). As ex-
pected, shLGALS1 regulation of DEG expression showed 
temporal effectiveness for 48 h. The KCNJ2 and ELMO1 

Fig. 3. Functional clustering analysis of differentially expressed genes (DEGs). A. The only 2 Gene Ontology (GO) enrichment terms of upregulated DEGs 
between silenced lectin galactoside-binding soluble 1 (siLGALS1) and siCtrl group; B. The top 10 enriched Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathways for upregulated DEGs between siLGALS1 and siCtrl group. The top 7 GO enrichment terms (C) and top 10 KEGG pathways (D) for 
downregulated DEGs between siLGALS1 and siCtrl group

Fig. 4. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) validation of differentially expressed genes (DEGs). The RNA sequencing 
(RNA-seq) data are presented as the blue line charts. The RT-qPCR validation results for 5 DEGs are presented in red scatter histogram

## p < 0.001; ### p < 0.0001; ns p > 0.05; ** p < 0.01; *** p < 0.001.
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Fig. 6. Identification of lectin galactoside-binding soluble 1 (LGALS1)-mediated alternative splicing (AS) events in A549 cells. A. Classification and proportion 
of 10 types of AS events detected using RNA sequencing (RNA-seq); B. Classification and numbers of the significant differential regulated AS events (RASEs) 
between the silenced LGALS1 (siLGALS1) and siCtrl groups; C. Heatmap representation of the pattern of RASEs between the siLGALS1 and siCtrl groups; 
D. Venn diagram showing the overlap of LGALS1-regulated differentially expressed genes (DEGs) and regulated AS genes (RASGs)

ES – exon skipping; MXE – mutual exclusive exon skipping; A3SS – alternative 3’ splice site; 3pMXE – MXE combined with an alternative polyadenylation site; 
5pMXE – alternative 5’ promoter; A5SS – alternative 5’ splice sites; introR – intron Retained.

Fig. 5. Differentially expressed genes (DEGs) regulated by lectin galactoside-binding soluble 1 (LGALS1). A. Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) was performed to detect mRNA expression of LGALS1, KCNJ2, HSPA6, and ELMO1 at different timepoints following LGALS1 
knockdown using shRNA; B. Western blot was performed to detect the protein expression of LGALS1 at different timepoints after LGALS1 knockdown using 
shRNA; C. A rescue experiment was used to verify the regulatory role of LGALS1 on KCNJ2, HSPA6 and ELMO1 mRNA expression
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expressions were upregulated to a peak at 48 h after LGALS1 
knockdown, while HSPA6 expression decreased to a peak, 
after which their expressions all returned to nondifferen-
tial levels from the shCtrl group (Fig. 5A). The shRNA-
LGALS1 lentiviral vector also inhibited LGALS1 expres-
sion at the protein level (Fig. 5B). In addition, for further 
validation of the genes regulated by LGALS1, a rescue ex-
periment was conducted. We observed that overexpression 
of LGALS1 significantly reduced the elevation in KCNJ2 
and ELMO1 expression and minimized the  decrease 
in HSPA6 expression induced by siLGALS1 alone (Fig. 5C). 
Taken together, these results implicate that LGALS1 can 
regulate the expressions of DEGs, such as KCNJ2, HSPA6 
and ELMO1.

Identification of LGALS1-mediated AS 
events in A549 cells

Previous studies have demonstrated that AS is involved 
in lung cancer development.27 Thus, we further explored 
LGALS1-mediated AS events. A total of 69,385 AS events 
were identified, of which 18,587 were known AS, account-
ing for 26.79%, and 50,798 were novel AS, accounting 
for 73.21% (Fig. 6A, Supplementary Table 3). We found 
that both known and novel AS events contained 10 types 
(Fig. 6A, Supplementary Tables 4 and 5), of which A3SS 
and A5SS exhibited the largest share of the total AS events, 
corresponding to 26.03% and 24.95%, respectively (Fig. 6A, 
Supplementary Table 6).

Moreover, a total of 914 RASEs mediated by LGALS1 
were identified, including 433 upregulated RASEs and 
481 downregulated RASEs in the siLGALS1 group com-
pared with the siCtrl group (Fig. 6B). These LGALS1-me-
diated RASEs were annotated into 9 types of AS events 
(Fig. 6B). Furthermore, we observed that these RASEs clus-
tered into 2 branches, suggesting that LGALS1 silencing 
resulted in altered AS in A549 cells (Fig. 6C). Furthermore, 
LGALS1 silencing led to 914 RASEs residing in 759 genes. 
We overlapped genes in regulated AS genes (RASGs) and 
DEGs, finding that only 2 RASGs overlapped with DEG, 
namely AC074212.5 and CYP4F29P (Fig. 6D).

Functional enrichment analysis of RASGs

To explore the biological function of LGALS1-regulated 
AS, RASGs were subjected to GO and KEGG enrichment 
analyses. The GO analysis revealed that RASGs were pref-
erentially enriched in molecular functions related to tran-
scriptional regulation, such as DNA-dependent transcrip-
tion, regulation of transcription from RNA polymerase, 
DNA-dependent regulation of  transcription, and gene 
expression (Fig. 7A). In addition, KEGG pathway analysis 
found that RASGs were mainly enriched in ErbB signaling 
and apoptosis pathways (Fig. 7B). These results demon-
strated that LGALS1 may be involved in the regulation 
of cell apoptosis through regulating RASGs.

Validation of the LGALS1-mediated RASGs

Given that RASGs may be associated with NSCLC pro-
gression, we validated LGALS1-mediated RASGs using 
qPCR. Out of 9 detected AS events, the results of 3 A3SS 
AS events validated using RT-qPCR were consistent with 
the RNA-seq data, namely BCAP29, CSNKIE and MTFP1 
(Fig. 8). Among them, the AS ratio of BCAP29 (M–W 
test, U = 13, p = 0.0142) and MTFP1 (M–W test, U = 11, 
p = 0.0078) were significantly increased in the siLGALS1 
group compared to the siCtrl group, whereas CSNKIE 
(M–W test, U = 17, p = 0.0193) was found to be opposite. 
The RT-qPCR validation results of the remaining 6 AS 
events are shown in Supplementary Fig. 2. These results 
further confirm the LGALS1-related AS and RASE data.

Discussion

Despite extensive research regarding NSCLC, its mor-
tality rate is still high, and more studies on NSCLC are 
warranted to  understand the  mechanism of  the  dis-
ease. In the present study, we have revealed insights into 
the transcriptomic landscape and AS dataset in NSCLC, 
driven by LGALS1 through RNA-seq. Many DEGs and 
RASGs in this study provide new insights and abundant 
potential candidate markers for NSCLC that could be tar-
geted therapeutically.

As an RBP, LGALS1 is a β-galactoside-binding protein 
and is alternatively known as galectin-1.28 Many studies 
have demonstrated that intervention in the expression 
of LGALS1 plays a vital role in the progression of nu-
merous human cancers. For instance, a  recent study 
showed that LGALS1 is  involved in NSCLC progres-
sion by  interacting with NCAPG, and the knockdown 
of LGALS1 significantly suppresses proliferation, mi-
gration and invasion of A549 and H1299 cells.10 In oral 
cancer, LGALS1 knockdown suppressed cell prolifera-
tion by arresting cells at S phase and inhibited wound 
healing and migration.29 Furthermore, in certain brain 
tumors, silencing of LGALS1 downregulated the expres-
sion of genes involved in cell cycle progression, resulting 
in an accumulation of G2/M phase cells and eventually 
inhibiting tumor progression.30 There is also an exten-
sive body of  literature showing that LGALS1 partici-
pates in lung cancer progression. For example, LGALS1 
is overexpressed in LUAD cells and induces their growth 
and invasive ability.8 The  LGALS1 upregulated p38 
MAPK, ERK and cyclo-oxygenase-2 expression to pro-
mote lung cancer progression.9 In  the current study, 
we demonstrated that silencing of LGALS1 led to the ab-
errant expression of 225 genes in A549 cells and involved 
alterations in transcription and binding-related path-
ways, suggesting that LGALS1 may function in NSCLC. 
Therefore, further research is needed on RNA-binding 
properties and related biological functions of LGALS1.
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Alternative splicing events are closely associated with 
the function of RBPs and cancer progression,31 with previ-
ous studies showing that AS plays a crucial role in the de-
velopment of  lung cancer. For instance, the AS status 
of BIN1 with exon 12A inclusion (the BIN1+12A isoform) 
could recover the activity of tumor cells through the regu-
lation of BIN1 in NSCLC.32 Furthermore, ESRP1 regu-
lates the chemosensitivity of  lung cancer cells through 
AS by  inhibiting TGF-β/Smad signaling in  SCLC pa-
tients.33 Moreover, VEGFxxxb family members encoded 
AS in VEGF-A, and VEGF165b/VEGF165 are positively 
correlated with lymph node metastasis in  NSCLC.34 

The current study showed that a total of 914 AS events 
were triggered after LGALS1 silencing, and the corre-
sponding RASGs were implicated in ErbB signaling and 
apoptosis pathways. Encouragingly, some previous results 
support our observations. Wang et al. demonstrated that 
LGALS1 modulates vascular constriction by regulating 
AS of the cav1.2 calcium channel.14 Therefore, LGALS1-
mediated AS events play an important role in NSCLC 
progression.

In addition, we discovered that LGALS1-related RASGs 
were significantly enriched in the apoptosis and ErbB sig-
naling pathways. Apoptosis, or programmed cell death, 

Fig. 7. Functional enrichment analysis of regulated alternative splicing genes (RASGs). A. The top 10 enriched Gene Ontology (GO) terms for RASGs; 
B. The top 10 enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways for RASGs
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plays a critical role in cancer occurrence, progression and 
drug resistance. Inhibition of LGALS1 in melanoma cells 
can restore the viability of apoptotic T lymphocytes35 while 
targeting LGALS1 by shikonin, and its derivatives were 

shown to induce apoptosis and autophagy in colorectal 
carcinoma cells.36 Moreover, the ErbB signaling pathway 
is involved in cancer progression, for example, in cervical 
cancer.37 Finally, EGFR is a member of the ErbB receptor 

Fig. 8. Validation of the lectin galactoside-binding soluble 1 (LGALS1)-mediated regulated alternative splicing genes (RASGs). RNA-seq results and reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) validation results of RASGs are shown in the right panel

* p < 0.05; ** p < 0.01; *** p < 0.001.
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family, which regulates epithelial cell growth and survival, 
and its high expression or abnormal activation is corre-
lated with drug resistance and even tumor progression 
in multiple cancers, such as breast cancer38 and NSCLC.39 
Therefore, we  suspect that LGALS1 may be involved 
in the NSCLC progression through the apoptosis and ErbB 
signaling pathways.

Limitations

There are some limitations of this study, one of which 
is that our results were not validated in animal models 
or clinical samples. Second, there are only 3 biological re-
peats for transcriptomic sequencing. Finally, no molecu-
lar experiments were performed to verify the regulatory 
relationship between LGALS1 on candidate target genes 
and AS events. Therefore, in the future, we will further 
explore the mechanism of LGALS1 involvement in NSCLC 
progression through a series of in vitro and in vivo experi-
ments to address the above limitations.

Conclusions

In the current study, we characterized the transcrip-
tomic landscape of A549 cells following LGALS1 silenc-
ing, identifying 225 DEGs that responded significantly 
to LGALS1 silencing. The expression patterns of ELMO1, 
KCNJ2 and HSPA6 were consistent between both RNA-seq 
and RT-qPCR experiments, and the expression of ELMO1 
and KCNJ2 was upregulated, whereas HSPA6 expression 
was downregulated after LGALS1 silencing. In addition, 
LGALS1 silencing led to 914 RASEs consisting of 10 types 
of  AS residing in  759  genes. These LGALS1-mediated 
RASGs were mainly enriched in apoptosis and ErbB sig-
naling pathways. Our results show potential novel molecu-
lar mechanisms of RBP LGALS1-mediated AS in NSCLC 
development.
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known AS events.
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novel AS events.
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events (%).
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tumor and normal tissues in the TCGA database.

Supplementary Fig. 2. Validation of the LGALS1-medi-
ated RASGs. RNA sequencing results and RT-qPCR valida-
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Abstract
Degenerative disease of the spine (DDS) is one of the most common pathological conditions in humans. 
The clinical presentation of DDS is highly variable, ranging from mild pain to severe neurological symptoms. 
When more severe clinical symptoms are present, it is necessary to use imaging methods, such as magnetic 
resonance imaging (MRI), to confirm the diagnosis and establish the extent of the disease in order to determine 
proper treatment. There are several MRI changes which, based on clinicoradiological studies, are believed 
to be potential sources of pain and other clinical symptoms in DDS, including compression of the nerve root 
or spinal cord by disc herniations or osteophytes, recent (“active”) disc herniation, Modic type 1 degenera-
tive changes of the vertebral bodies, degenerative changes of the vertebral endplates (erosive intervertebral 
osteochondrosis), marked degenerative changes of the facet joints and ligamenta flava, degenerative spinal 
canal stenosis, degenerative spondylolisthesis, and Baastrup’s disease. The authors analyzed the relationship 
of the MRI findings mentioned above with clinical symptoms of DDS, as well as the differentiation between 
DDS and nondegenerative diseases, which can manifest with similar clinical signs. The role of contrast-
enhanced MRI and advanced MR techniques (e.g., high field MRI, functional MRI and MR spectroscopy) 
was also discussed. To establish an appropriate treatment for DDS, it is important to emphasize in the MRI 
report specific changes, which might be the cause of the pain and other clinical signs, as well as to rule out 
nondegenerative lesions, especially neoplasms, infections and rheumatoid disorders.

Key words: degenerative disease of the spine, magnetic resonance imaging, back pain, neurological clau-
dication, myelopathy

Reviews

Degenerative disease of the spine: How to relate 
clinical symptoms to radiological findings

Marek SąsiadekA,B,D–F, Jagoda Jacków-NowickaC,D

Department of General and Interventional Radiology and Neuroradiology, Chair of Radiology, Wroclaw Medical University, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899–5276 (print), ISSN 2451–2680 (online) Adv Clin Exp Med. 2024;33(1):91–98

https://www.doi.org/10.17219/acem/163357


M. Sąsiadek, J. Jacków-Nowicka. Pain imaging in the spine degeneration92

Introduction

Degenerative disease of  the  spine (DDS) is  one 
of the most common pathological conditions in humans. 
The clinical presentation of DDS is highly variable, ranging 
from mild pain to severe neurological symptoms.1,2 In be-
nign cases, the diagnosis of DDS is based on the clinical 
signs and physical examination. When more severe clini-
cal symptoms are present, it is necessary to use imaging 
methods to confirm the diagnosis and establish the extent 
of the disease, which is necessary to determine the proper 
treatment.3

Plain X-rays of the spine are usually used as an initial 
imaging method in DDS; however, their value is limited 
to the bone changes (e.g., vertebral body osteophytes) 
and narrowing of  the  intervertebral spaces, which 
are indirect signs of degenerative disc disease (DDD). 
The imaging modality of choice in patients with more 
severe DDS is  magnetic resonance imaging (MRI).4 
It  is believed that MRI can help define the anatomic 
basis of the pain and autonomic nervous system syn-
drome in patients with disc herniations.5 Computed 
tomography (CT) is a complementary method to bet-
ter assess bone lesions. The other imaging methods 
(nuclear medicine modalities, myelography and dis-
cography) are rarely used due to their low availability 
or invasiveness.6

The difficulty of interpreting MRI studies in DDS is as-
sociated with the multi-level and multistructural patterns 
seen on MRIs. Degenerative disease of the spine is com-
monly located at multiple levels, and multiple structures 
are involved at each level.7,8 The so-called discosomatic 
(discovertebral) unit consists of 5 elements: interverte-
bral disc, vertebral bodies, facet joints, ligamenta flava, 
and longitudinal ligaments. Each of  these structures 
can be affected by the degenerative process.9 Moreover, 
any particular part of the discosomatic unit may show 
various MRI findings. For instance, DDD can present 
as a black disc disease (dehydration), disc calcifications, 
gas in  the  disc (vacuum phenomenon), disc bulging, 
and disc herniation.10–12 Vertebral body degeneration 
involves Modic type 1, 2 and 3 changes, osteophytes, 
and erosive osteochondrosis (degeneration of vertebral 
endplates).7,8,13,14 There are also specific MRI patterns 
like degenerative spinal stenosis (changes in all elements 
of the discosomatic unit), degenerative spondylolisthe-
sis and Baastrup’s disease (degeneration of the spinous 
processes).3,4,9,15–17

The most important clinical symptoms of DDS are6: 
1) persistent back pain; 2)  radicular (pain) symptoms; 
3) neurological deficits (limb paresis, myelopathy); 4) sen-
sory impairment; and 5) neurogenic claudication. The cru-
cial problem is how to correlate the pain and other clinical 
symptoms with particular MRI findings, i.e., how to estab-
lish which of the multiple MRI changes are responsible for 
the clinical signs.

MRI findings which may be 
responsible for the pain and other 
clinical symptoms in DDS

There are several MRI changes which, based on clinico-
radiological studies, are believed to be a potential source 
of  pain and other clinical symptoms in  DDS3,4,7,9,16,17: 
1) compression of the nerve root or spinal cord by disc 
herniations or osteophytes; 2) recent (“active”) disc hernia-
tion; 3) Modic type 1 degenerative changes of the vertebral 
bodies; 4) degenerative changes of the vertebral endplates 
(erosive intervertebral osteochondrosis); 5) marked de-
generative changes of the facet joints and ligamenta flava; 
6) degenerative spinal canal stenosis; 7) degenerative spon-
dylolisthesis; and 8) Baastrup’s disease.

Compression of the nerve root or spinal 
cord by disc herniations or osteophytes

This is a very common radiological finding in DDS. 
The anterior surface of nerve roots and the spinal cord are 
located very close to the posterior aspect of the interver-
tebral discs and vertebral bodies. Therefore, even a small 
disc herniation or osteophyte could compress the adjacent 
nerve root or spinal cord, especially in patients with de-
generative spinal canal stenosis in whom the intraspinal 
space is already compromised.7,10,12,18

On  the  other hand, many small herniations or  os-
teophytes do not produce clinical symptoms until they 
compress the epidural space or dural sac. In patients who 
present clinically with radicular symptoms or myelopa-
thy, one should check MR images for direct compression 
of the nerve root or spinal cord. The best visualization 
of nerve root compression is provided by axial T2-weighted 
images, while spinal cord compression can be appreciated 
in sagittal and axial planes (Fig. 1).6,9,19

Prolonged compression of the spinal cord can lead to sec-
ondary changes in the spinal cord, which during earlier 
phases is compatible with edema and ischemia, while later 
phases correlate with myelomalacia and gliosis. The lon-
ger the compression lasts, the more severe are the my-
elopathic symptoms. The changes mentioned above can 
be seen on MR T2-weighted images as hyperintense foci 
within the spinal cord.10 However, in many patients with 
myelopathic symptoms, no changes in the spinal cord are 
visible on MRI even if it is compressed. The reason for this 
is the limited spatial resolution of MR images. The sensi-
tivity of MRI in detecting spinal cord lesions can be in-
creased by the use of diffusion tensor imaging (DTI), which 
provides the quantitative assessment of the spinal cord 
impairment by calculating fractional anisotropy (FA) and 
other DTI parameters.20–22 Another promising technique 
is  functional MRI (fMRI). Some studies demonstrated 
a positive correlation between functional connectivity and 
volume of activations in blood-oxygen-level-dependent 
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(BOLD) signals on fMRI and postsurgical outcomes in pa-
tients with degenerative cervical myelopathy.21 Finally, 
the use of high-field MRI systems (3 or 7 Tesla units) might 
improve sensitivity in detecting spinal cord changes in pa-
tients with degenerative myelopathy.23

A possible cause for the discrepancy between the clini-
cal symptoms of radiculopathy or myelopathy and MRI 
signs is the supine position of the patient during MRI ex-
amination, while in many cases, the compression occurs 
only in the standing or sitting position. One of the solu-
tions is the use of vertical MRI units, in which the pa-
tient stands or sits, and dynamic scanning with flexion 
or extension is performed.24 However, such MRI units 
are rarely available; hence, an alternative known as ax-
ial-loaded imaging has been developed. This is based 
on special devices which provide a calculated compres-
sion of the patient’s feet and head to imitate natural load-
ing in the standing position.25 This can help to visualize 
the compression of the nerve roots or spinal cord, which 
is not visible on plain MRIs.

Recent (“active”) disc herniation

Although disc degeneration is generally associated with 
low signal intensity on T2-weighted images due to de-
creased water content (dehydration), foci of high intensity 
(high intensity zones (HIZ)) can be seen in the posterior 
parts of bulging or herniated discs.26 The significance 
of HIZ is controversial. It  is believed by some authors 
that HIZ in the posterior part of degenerated or bulging 
discs represents a tear in the annulus fibrosus that can 
lead to disc herniation.27 However, it has not been fully 
confirmed by  radiopathological studies. On  the  other 
hand, the  increased signal in  bulging and especially 
herniated disks means an increased water content that 
could be caused by edema and inflammation in or around 
the bulging/herniated disc and, thus, could be the source 
of pain.26–28

This hypothesis can be confirmed by the common occur-
rence of HIZ in patients with marked back pain and recent 
disc herniations, even without compression of nerve roots, 
while in patients with older disc herniations, which usually 
do not have HIZ, the clinical symptoms are associated with 
radicular or spinal cord compression (Fig. 2).10,27,28

Additional evidence of an inflammatory process in pa-
tients with recent disc herniations who present with back 
pain is the contrast enhancement around the herniations, 
which can be seen in rare cases when gadolinium contrast 
medium is used in patients with DDS.29 As in other places, 
the inflammatory reaction commonly results in pain.

Injection of gadolinium contrast medium can be useful 
in patients after herniated disc surgery presenting with 
failed back surgery syndrome (FBSS) to differentiate be-
tween recurrent disc herniation and other causes of persis-
tent pain after surgery.30,31 The other complementary MRI 
techniques in FBSS include fMRI and MR neurography.31

Further research based on fMRI, T1, T2, and T2* map-
ping, as well as MR spectroscopy, may provide new in-
formation concerning the relationship between pain and 
degenerative disc changes.32,33

Modic type 1 degenerative changes 
of the vertebral bodies

Modic type 1 degenerative changes are believed to rep-
resent inflammatory reactions of  the vertebral bodies 
during the course of DDS. They are located in the di-
rect vicinity of the vertebral endplates, usually on both 
sides of the degenerated intervertebral disc. Their signal 
is hyperintense on T2-weighted/Fat-Sat T2-weighted MR 
images and hypointense on T1-weighted images. This 
pattern is compatible with the increased water content 
in Modic type 1 lesions, which are caused by edema and 
inflammation, and can result in pain.7,8,11,13 Moreover, 
if, for any reason, gadolinium contrast medium is used, 
an  enhancement of  the  Modic type I  areas might be 

Fig. 1. Sagittal T2-weighted magnetic resonance (MR) image 
of the cervical spine in a patient with myelopathy shows multi-level disc 
herniations compressing the anterior surface of the spinal cord (arrows)
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observed, which is further evidence of their inflamma-
tory background (Fig. 3).34

This inflammatory nature is the reason for the term 
“aseptic spondylodiscitis”, which is sometimes used to de-
scribe Modic type 1 changes. Actually, in some cases, 
Modic type 1 changes must be differentiated from true 
infectious spondylodiscitis. Apart from clinical and 

laboratory markers of  infection like fever or  increased 
C-reactive protein (CRP) and white blood cell (WBC) lev-
els, the MRI pattern in infectious spondylodiscitis is dif-
ferent. First of all, in Modic type 1 changes, the adjacent 
intervertebral disk has a low signal on T2-weighted im-
ages due to degenerative dehydration, while in infectious 
spondylodiscitis, the signal of the disc is increased due 

Fig. 2. Cervical 
disc herniations. 
Axial T2-weighted 
magnetic 
resonance 
(MR) images 
of the cervical 
spine. 
A. In a patient 
with cervical spine 
pain; hyperintense 
(recent, “active”) 
disc herniation with 
slight compression 
of the spinal cord 
(arrow); B. Another 
patient presenting 
with myelopathy 
and hypointense 
(chronic) disc 
herniation; marked 
compression 
of the spinal cord 
can be seen (arrow)

Fig. 3. Sagittal T2-weighted fat-suppressed (A), T1-weighted (B) and T1-weighed fat-suppressed contrast-enhanced (C) magnetic resonance (MR) images 
of the lumbar spine in a patient with low back pain. In the upper part of the L2 and the lower part of the L3 vertebral bodies, there are areas of hyperintensity 
on a T2-weighted image and hypointensity on a T1-weighted image, enhancing after contrast administration (arrows), which are compatible with Modic type 1 
degenerative changes
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to infectious infiltration. Besides, the vertebral endplates 
in Modic 1 changes are intact, while in infectious spondy-
lodiscitis, they are destroyed. Finally, the infectious infil-
tration often extends to the paravertebral and extradural 
spaces, which does not occur in Modic type 1 degenera-
tive changes.4,35 The pattern of contrast enhancement af-
ter administration of gadolinium is a useful clue; in DDS, 
the enhancement is limited to the regions of the verte-
bral endplates and facet joints, while in spondylodiscitis, 
it may also involve extradural and paraspinal areas.36,37

Degenerative changes of the vertebral 
endplates (erosive intervertebral 
osteochondrosis)

The vertebral endplates consist of cartilage and cortical 
bone from the vertebral body surfaces adjacent to the in-
tervertebral disc.38 The endplates are highly vulnerable 
to the degenerative process as they are, on the one hand, 
loaded by body weight and, on the other hand, provide 
the blood supply to the intervertebral disc. Degeneration 
of the endplates, especially of their cartilaginous compo-
nent, is considered a source of pain.9,34,38

On MR images, the degeneration of the endplates ap-
pears as an irregular outline in their cortical bone, which 
can be seen in  all sequences.6,9 This pattern can also 
mimic infectious spondylodiscitis. However, in erosive 
intervertebral osteochondrosis, the black line consistent 
with the endplate cortical bone is always intact, even if its 
outline is very irregular (Fig. 4), while in infectious spon-
dylodiscitis, this black line is blurred. The other crucial 
difference is the signal of the adjacent intervertebral disc, 
which is low on T2-weighted images in erosive interver-
tebral osteochondrosis, due to infectious infiltration.35 

The use of contrast media may also help in the differential 
diagnosis, as the pattern of enhancement in spondylodis-
citis is different from that in vertebral degeneration.36,37

Marked degenerative changes of the facet 
joints and ligamenta flava

Facet joints are commonly affected in DDS. As they 
bear significant stress and weight, they are highly vul-
nerable to degeneration.39 Besides, as the facets are richly 
innervated, their degeneration can result in back pain 
or sciatica.40

The radiological signs of facet degeneration seen on MRI 
or CT include deformation and osteophytes of the articular 
processes as well as narrowing of the joint spaces. (Fig. 5).6,9,41 
In severe degeneration, T2-weighted fat-suppressed MRI se-
quence could reveal the hyperintense signal of the articular 
process while post-contrast T1-weighted fat-suppressed 
sequences can show enhancement.34,36,37 These findings 
are compatible with edema and an inflammatory reaction, 
and thus could be a source of pain. The rare manifestation 
of a synovial cyst can protrude into the spinal canal.5,6,9

Ligamenta flava are located in the posterolateral parts 
of the spinal canal adjacent to the facet joints. Degenera-
tion of the ligamenta flava causes thickening, which com-
promises the posterior-lateral parts of the spinal canal 
and compresses the posterior-lateral aspects of the dural 
sac.6 In active degeneration with an inflammatory com-
ponent, contrast enhancement of the ligamenta flava can 
be observed.36,37

The degeneration of the facet joints and ligamenta flava 
usually occur together. Apart from pain caused by degen-
erated facets, they also contribute to spinal stenosis and 
the clinical symptoms of spinal stenosis (see below).

Fig. 4. Sagittal T2-
weighted (A) and T1-
weighted (B) magnetic 
resonance (MR) images 
of the lumbar spine 
in a patient with low 
back pain. The adjacent 
endplates of the L2 and 
L3 vertebral bodies 
exhibit markedly 
irregular outlines with 
preserved cortical 
bone and degenerative 
hypointensity of the L2/
L3 intervertebral disc 
on a T2-weighted 
image. This appearance 
is consistent with 
erosive intervertebral 
osteochondrosis 
(degeneration 
of the vertebral 
endplates)
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Degenerative spinal canal stenosis

Narrowing of the spinal canal (stenosis) may be caused 
by degeneration of any structure of the discosomatic unit, 
e.g., disk herniation, osteophytes and thickening of the lig-
amenta flava. However, the term degenerative spinal canal 
stenosis usually refers to the degeneration of all or most 
of the structures of the discosomatic unit.6,9 The typical 
pattern of spinal canal stenosis consists of: 1) interverte-
bral disc bulging; 2) osteophytes of the posterior edges 
of the vertebral bodies; 3) deformation, osteophytes and 
(rarely) synovial cysts of the facet joints; and 4) thickening 
of the ligamenta flava.

Stenosis can be increased by degenerative spondylolis-
thesis (see below). It usually involves multiple levels, most 

often in the lower lumbar and lower cervical segments 
of the spine (Fig. 5,6).4

Degenerative spinal canal stenosis can be classified 
as central spinal canal stenosis (narrowing of the central 
part of the spinal canal) and lateral spinal canal stenosis 
(narrowing of the lateral recesses of the spinal canal and 
the neural foramina). The latter could be subdivided into 
lateral recess stenosis and foraminal stenosis.5,6,9

The typical clinical manifestation of central lumbar 
spinal canal stenosis is neurological claudication, which 
means pain, tingling or cramping in the lower back, legs, 
hips, and buttocks that can be accompanied by weak-
ness in  the  legs. These symptoms are enhanced dur-
ing standing and walking, and relieved when leaning 
down and sitting.42 On  the other hand, cervical and 

Fig. 6. Sagittal 
T2-weighted (A) 
and T2-weighted 
fat-suppressed (B) 
magnetic resonance 
(MR) images 
of the cervical spine 
in a patient with 
myelopathy show 
marked spinal canal 
stenosis involving 
the C4–C7 segment 
of the spine (brackets) 
with secondary 
hyperintense changes 
in the spinal cord

Fig. 5. Sagittal (A) and 
axial (B) magnetic 
resonance (MR) 
images of the lumbar 
spine in a patient 
with neurological 
claudication. Marked 
multi-level lumbar spinal 
stenosis. Multi-level 
narrowing of the spinal 
canal (arrows) can be 
seen in the sagittal 
image (A). The axial 
image at the level 
of L4/L5 demonstrates 
disc bulging (curved 
arrow), degenerative 
hypertrophy 
of the articular processes 
of the facet joints 
(straight arrows) and 
degenerative thickening 
of the ligamenta flava 
(asterisks)
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thoracic central spinal canal stenosis causes spinal cord 
compression and thus presents clinically as myelopathy 
(pain, numbness and weakness in the neck, back, as well 
as in upper and/or lower extremities, motor impairment, 
etc.).4,10

Lateral spinal canal stenosis (both lateral recess and fo-
raminal) is associated with compression of the radicles 
or spinal nerves; therefore, its main clinical manifestation 
is radicular pain.9 In fact, most cases of central and lat-
eral stenosis are combined and result in combined clinical 
symptoms.

Magnetic resonance imaging provides a very good evalu-
ation of degenerative spinal canal stenosis, especially in ax-
ial (central and lateral recess stenosis) and lateral sagittal 
planes (foraminal stenosis). Computed tomography can be 
used complementarily for better assessment of the boney 
elements contributing to  stenosis. A  detailed analysis 
of the imaging studies can identify the levels or structures 
responsible for clinical symptoms.4,6,9,19

Degenerative spondylolisthesis

Degenerative spondylolisthesis develops due to chronic 
facet joint and intervertebral degeneration, as well as liga-
mentous laxity, which finally results in vertebral instabil-
ity and slipping (subluxation) of the upper vertebral body 
in relation to the inferior one. Typically, the upper verte-
bral body moves anteriorly to the adjacent lower vertebral 
body; however, it can also move posteriorly, which is called 
retrolisthesis.16

The instability caused by spondylolisthesis can cause 
pain apart from that associated with facet joint degen-
eration. This can be confirmed by Modic type 1 changes, 
which are often seen in the vertebral bodies at the level 
of the spondylolisthesis. Besides, degenerative spondylolis-
thesis contributes to spinal canal stenosis and can present 
with clinical symptoms of stenosis.4,9

In young patients, degenerative spondylolisthesis needs 
to be differentiated from spondylolisthesis caused by an in-
terarticular pars defects of the posterior vertebral arch 
(spondylolysis), which can be detected using CT and MRI 
(including post-contrast MRI).36,37,43

Baastrup’s disease

Baastrup’s disease (kissing spines syndrome) occurs 
when the adjacent spinous processes (usually in the lum-
bar region) are close enough to  touch, which results 
in degenerative changes. It could be a part of generalized 
DDS or caused by hyperlordosis of the lumbar spine. Pa-
tients experience pain in the midline that worsens with 
extension and is relieved during flexion of the lumbar 
spine.17

In T2 fat-suppressed MRI sequences, the affected spi-
nous processes demonstrate a high signal, which is con-
sistent with edema and an inflammatory reaction, thus 

explaining the pain. On CT, the space between the in-
volved spinous processes is narrowed, and their adjacent 
surfaces have irregular outlines and osteosclerotic areas.4,17

Differentiation of DDS  
with nondegenerative  diseases

An additional problem with clinicoradiological correlations 
in DDS is that it is sometimes mimicked by nondegenera-
tive diseases. Although DDS is extremely common, other 
diseases can present with similar clinical symptoms. One ex-
ample is infectious spondylodiscitis, which can have similar 
clinical and MRI appearances to Modic type 1 vertebral body 
changes and especially erosive osteochondrosis (see above).35 
Back pain can be caused by neoplastic disease, especially me-
tastases. In doubtful cases, MRI and CT can be supplemented 
with a bone scan or PET/CT. Finally, the source of the pain 
could be spondyloarthropathies (e.g., ankylosing spondylitis); 
therefore, it is useful to evaluate the sacroiliac joints which 
are commonly affected in spondyloarthropathies that could 
be easily diagnosed on MRIs of the sacroiliac joints.44

Conclusions

Magnetic resonance imaging reports in patients with 
DDS should emphasize all changes which might cause pain 
and other clinical signs (e.g., compression of the nerve root, 
Modic 1 changes, degeneration of the endplates, facet joint 
degeneration, and spinal canal stenosis). It  is necessary 
to rule out nondegenerative lesions, especially neoplasms 
and infections, as well as possible causes of clinical symp-
toms from adjacent structures, e.g., sacroiliac joints, and 
post-contrast imaging is helpful in the differential diag-
nosis. Advanced MR techniques, such as high-field MRI, 
fMRI, T1, T2, and T2* mapping, MR spectroscopy, or MR 
neurography, may contribute to a better understanding 
of the relationship between clinical symptoms and radio-
logical findings in DDS.
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