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ABSTRACT

Background: Numerous researches had illustrated the long-term 
impact of COVID-19 on thyroid gland worldwide. The aim of this study 
is to observe similar consequences among Bangladeshi population since 
there is not much information available.             

Materials and Methods: A total of 58 adult patients with a mean age of 
29.53±9.005 years were studied to observe the long-term effect ( > 6 
months to 2 years) of COVID-19 infection, on their thyroid functions. 
Through convenience sampling, COVID-19 positive patients were 
selected, excluding any previously known thyroid illness or surgery, 
other endocrine complaints, pregnancy, COPD or bronchial asthma, 
hypertension, malignancy, or kidney disease. Thyroid functional status 
was assessed by quantitative determination of thyroid hormones and 
autoantibodies.

Results: Between a case group of 58 adult COVID-19 survivors and a 
control group of 27 healthy individuals, there was no significant 
difference in thyroid hormone levels (FT3, FT4, and TSH). However, 
two patients developed thyroid toxicity, with increased levels of FT3, 
FT4 and a decreased level of TSH. Concomitantly, increased levels of 
thyroid autoantibodies were also observed in two other patients.

Additionally, female participants showed significantly lower levels of 
FT3 and FT4 compared to the control group (p = 0.02 and p = 0.008, 
respectively). Among all of the COVID-19 survivors, a total of 10 
patients (17%) showed deviations from the normal range of thyroid 
hormones and thyroid autoantibodies. The rest of the 48 patients (83%) 
revealed no abnormality.

Conclusion: Female survivors experienced a significant change in 
thyroid functional status that lasted longer. However, further research 
needs to be performed on a larger scale before reaching a conclusion.

Keywords: COVID-19, thyroid functionality, thyroid autoantibodies, 
hyperthyroidism.
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INTRODUCTION 

In 2019, the people of the world became familiar with 
one of the most devastating pandemics, COVID-19. 
COVID-19 is caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) (China-WHO 
Joint Mission, 2020). As it is a novel viral disease, there 
is a lot more to be discovered. In Bangladesh, the first 
case of COVID-19 was reported on March 8, 2020 (1). 
Still, people are being affected in this country, either 
knowingly or unknowingly. Like many other countries, 
Bangladesh was also hit by the five consecutive waves 
involving various variants of SARS-CoV-2, among 
which the second wave was the most destructive one (2). 
COVID-19 has caused 6.83 million deaths worldwide 
until now. In Bangladesh, around 2.04 million people 
are reported to be affected by the Corona virus, 
including about thirty thousand known cases of tragic 
deaths. Therefore, it has become urgently necessary to 
study the impact of this novel kind of virus on the 
population of Bangladesh (3).

Despite numerous studies, the effect of coronavirus on 
the human endocrine system, particularly the thyroid 
gland, remains unknown. The SARS-CoV-2 virus is 
reported to interact with the thyroid gland through a 
complicated association of hormones and 
immunomodulatory signal molecules (4, 5). Because 
SARS-Cov-2-related thyroid dysfunction has been 
found in various studies, it is still unclear how thyroid 
autoantibodies function against the increased viral load 
of Corona virus (5).The expression of angiotensin 
converting enzyme 2 (ACE-2) combined with 
transmembrane protease serine 2 (TMPRESS2) is the 
key cellular complex for the virus to infect human cells, 
and interestingly, both of these are expressed in the 
thyroid gland too, even more than the lungs (6). In 
addition, it is also known that antibodies against the 
SARS CoV2 react with cellular antigens, including 
those on the thyroid. Furthermore, the spike protein 

shows molecular mimicry toward thyroid peroxidase. 
Thus, the induction of antibodies to COVID19 may 
interact with the thyroid surface receptors (7). As the 
peak period of COVID-19 severity has passed in this 
country, the long-term effect of the virus on the thyroid 
gland is the subject of this study. Many recent studies 
have shown that COVID-19 can cause thyroid 
dysfunction in both the acute and convalescent phases 
(8). According to the UK National Institute for Health 
and Care Excellence (NICE) (9) and other integrated 
classifications of post-COVID symptoms (10), a crucial 
part is "long COVID" (symptoms persisting >12 weeks) 
and "Phase 3" (persistent post-COVID symptoms that 
last for more than 24 weeks). Long COVID exhibits a 
slew of symptoms affecting various other organs of the 
human body in the absence of respiratory symptoms. 
However, it is unclear whether this type of action will 
last for a long time in the case of the thyroid gland 
interfering with the normal physiological balance of the 
human body.

PATIENTS AND METHODS

Case Selection

This cross-sectional study involved mainly the 
population of the Chattogram division of Bangladesh. 
The case population was patients who had been affected 
by COVID-19 previously (within the last 6 months to 2 
years). Referred by specialist physicians, these patients 
with plausible symptoms of thyroid illness underwent a 
thyroid hormonal assay at the Institution of Nuclear 
Medicine and Allied Sciences (INMAS), Chattogram. 
Thus, through convenience sampling, adult COVID-19 
survivors were selected. Healthy individuals who were 
neither affected by COVID-19 nor suspected cases were 
selected for the control group. Informed written 
consents were collected after proper explanation about 
the research. 

Patients with a previous history of thyroid illness or 
surgery, any other endocrine complaints, pregnancy, 
COPD or asthma, hypertension, diabetes, cancer, kidney 
disease, or those taking drugs like amiodarone, 
interferon, etc. that may interact with thyroid function 
were excluded from the study. For sorting COVID-19 
positives, both RT-PCR confirmed and suspected cases 

were included. Because of the lack of knowledge and 
asymptomatic nature of this disease, many of the cases 
were unaware of testing by RT-PCR.

Sample collection

In this study, three principal hormones were measured 
and compared: FT3 (free triiodothyronine), FT4 (free 
thyroxine), Thyroid Stimulating Hormone (TSH), and 
the two most important anti-thyroid antibodies: 
anti-thyroglobulin antibody (TgAb) and anti-thyroid 
peroxidase antibody ( TPOAb). For this, the blood 
serum sample was used. 8 cc of blood were collected 
from each patient, and serum was isolated.

Estimation of thyroid hormones and anti-thyroid 
antibodies were done by the chemiluminescent 
immunoassay (CLIA) technique with the most advanced 
technology of ADVIA Centaur@XPT. Reference ranges 
for this tests were as follows: FT3: 3.50-6.50 pmol/L, 
FT4: 11.5-22.7 pmol/L, TSH: 0.35-5.50 µIU/mL, 
Anti-Tg: <4.5 IU/mL and Anti TPO: <60.0 IU/mL.

Statistical Analysis

The statistical analysis was performed on MS Excel and 
IBM SPSS (Statistical Package for Social Sciences, for 
windows 20) software. Data with normal distribution 
were shown by mean ± SD (standard deviation). For 
quantitative variables, comparison was done by 
independent two-sample T test. To study the association 
between categorical variables, Chi-square tests were 
performed. The correlation analysis was performed by 
the Pearson or Spearman correlation analysis.

RESULTS

A total of 58 adult COVID-19 survivors and 27 healthy 
control individuals were enrolled for this study. There 
were no significant differences between age (29.539.05 
and 32.2610.19 years), gender (female: 72% and 67% 
and male: 28% and 33%), height (1.58 meter and 1.58 
meter), weight (60.63 kg and 60.29 kg), and body mass 
index (BMI) (24.16 and 24.04) of the case and control 
populations, respectively.

Two patients were found to be hyperthyroid, showing 
higher levels of FT3 and FT4 as well as a lower level of 
TSH compared with the reference values (Patient 01: 
FT3: 19.46 pmol/L, FT4: 57.88 pmol/L, and TSH: 0.008 

IU/mL; Patient 02: FT3: 3.89 pmol/L, FT4: 23.88 
pmol/L, and TSH: 0.279 IU/mL). Similarly, two more 
patients were observed with high levels of serum TSH 
and were positive for both TgAb and TPOAb (Patient 
01: FT3: 5.23 pmol/L, FT4: 13.33 pmol/L, TSH: 16.615 
IU/mL, TgAb positive, TPOAb positive; Patient 02: 
FT3: 5.99 pmol/L, FT4: 17.04 pmol/L, TSH: 16.675 
IU/mL and TgAb positive, TPOAb positive). A 
comparison was made with the normal range of thyroid 
hormone levels (FT3: 3.50–6.50 pmol/L, FT4: 11.5-22.7 
pmol/L, and TSH: 0.35–5.50 IU/mL).

Table 1. Comparison between Covid-19 survivors and 
control participants

Thyroid hormone levels were also compared between 
case and control participants depending on their gender. 
For the female participants the FT3 and FT4 values was 
significantly lower than that of control group (p=0.02, 
p=0.008 respectively).

Table 2. Comparison of thyroid hormone (FT3, FT4) 
levels in female and male group between sample and 
control participants.

A bivariate correlation analysis was done to interpret the 
impact of age and BMI on thyroid function in the case 
population. One significant positive correlation was 
found between the weight and TSH level (Pearson’s 
correlation coefficient of 0.378*; correlation is 
significant at the 0.01 level; two tailed test). 
Furthermore, the BMI of the female sample showed a 
weakly positive correlation with their TSH level 
(Pearson’s correlation coefficient of 0.31).

Figure 1: Correlation between weight and TSH level 
of COVID-19 survivors

Figure 2 : Correlation between BMI and TSH level of 
female COVID-19 survivors

DISCUSSION

COVID-19 is being studied as a systemic infection that 
can easily affect multiple human body systems.This 
highly contagious infectious disease is caused by the 
SARS-CoV-2 virus, which is a positive-stranded 
(+ssRNA) virus. Following the entry of this virus inside 

the host, many proteins are produced for the replication, 
transcription, and translation of the viral RNA. These 
proteins are involved in the pathogenesis of the 
COVID-19 disease. Many nonstructural and other 
structural proteins can block innate immune responses 
(11). Sometimes, chronic complications were also 
observed in various cases (12). Research in different 
disciplines has been performed to analyze the prolonged 
effect of COVID-19, but until now, no integrated 
explanation has been delivered regarding the diverse 
impact of long-term COVID-19 (13). However, most 
doctors and researchers agree that the long COVID 
symptoms persist because SARS CoV-2 can cause a 
massive inflammatory response (14).The higher level of 
ACE2 expression in the thyroid gland is the main reason 
for SARS-CoV-2 targeting the hypothalamic- pituitary 
-thyroid axis (4, 15). COVID-19-related subacute 
thyroiditis has been linked to painless thyrotoxicity, 
followed by hypothyroidism in some cases (16). With 
acute and reversible changes in thyroid gland functions, 
the thyroid volume was found significantly lower in 
COVID-19 survivors as well (8). COVID-19 has the 
potential to impair thyroid function through direct virus 
interaction with the gland, sick euthyroid syndromes, 
and autoimmune responses (17). Without the risk of 
developing thyroid disorder after COVID-19 infection, 
researchers have recently been concerned about the 
possibility of hyper- or hypothyroidism after receiving 
SARS-CoV-2 vaccination (18).Vaccines for COVID-19 
consisting of mRNA are widely used. This kind of 
vaccine is capable of inducing a similar type of 
autoimmune response as COVID-19, which is 
concerning for developing subacute thyroiditis in the 
vaccinated patients (18, 19).

This study revealed some important insights about 
COVID-19 survivors in the Bangladeshi population, 
such as the fact that two patients were found to be 
hyperthyroid and two to have subclinical conditions 
even after a year of infection. Female patients showed 
lower levels of FT3 and FT4 compared with controls, 
which is noticeable and indicates further investigation. 
Moreover, patients with obesity (BMI 25–30), 
especially female participants, showed higher serum 
levels of TSH, which also indicates that, female 

COVID-19 survivors with obesity (BMI>30) are more 
vulnerable to hypothyroidism. Therefore, female 
individuals who suffer from COVID-19 need early 
thyroid functional tests and to take good care of 
themselves to be protected from any kind of thyroid 
related consequences.

There are some limitations to this study, such as the fact 
that not all COVID-19 patients could provide 
information for RT-PCR confirmation. So the patients 
with suspected cases needed to be considered. Because 
healthy individuals without even suspicion are difficult 
to find, the number of control patients is lower than that 
of cases.

CONCLUSION

Since the onset of the COVID-19 pandemic, the impact 
of COVID-19 on thyroid function has been studied in a 
variety of ways around the world. However, the research 
clearly shows that COVID-19 is more than just a 
pulmonary infection; it has a broader impact on human 
health. For this reason, some kind of prospective study 
could be done, especially focusing on the female 
survivors of Bangladesh.
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ABSTRACT

The Standardized Uptake Value (SUV) is one of the fundamental 
parameters to determine whether a region may be considered a “tumor” 
or “malignant” from PET-CT-derived images. When a measured SUV 
value is around 2.5, it is non-malignant. Again small tumorous areas can 
also show a maximum SUV of <2.5. The main objective of this study is 
to develop a computer program based on MATLAB for calculating SUV 
from PET-CT-derived images. This study also projects the way of 
calculating SUVs in a facile way. The study was particularly concerned 
with the 2D PET-CT images which were initially derived from 
commercial medical image processing software. Unlike the DICOM 
(Digital Imaging and Communications in Medicine) formatted PET-CT 
produced image, the study calculated these images in JPG (Joint 
Photographic Group) format. Each command and instruction of this 
program produces the selection of a region of interest (ROI) 
sequentially. The programming code also extracted the recognition of 
the desired ROI in cancerous cells. In the study, we have loaded 13 
different PET-CT image samples in the software as input. These inputs 
were used to reach the final result by using in-house developed 
MATLAB code. A correlation (polynomial expression) between the 
calculated SUV and the acquired SUV value from commercial software 
had been established in order to reduce the error. It is concluded that the 
in-house developed MATLAB program can be used for rapid estimation 
of SUV value within an acceptable error range.

Key words: Standardized Uptake Value (SUV), JPG formatted PET-CT 
images, MATLAB software, Correction factor, Polynomial expression. 
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INTRODUCTION 

The advancement of detecting and measuring parameters 
plays supportive roles in the image processing domain. 
The scope of image processing and analysis employed in 
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medical applications is to enhance the quality of the 
acquired image and extract quantitative information 
from medical image data with high accuracy (1). There 
are several modalities of nuclear medicine image 
processing. But in this case, specifically, the PET image 
processing features will be the topic to be focused on. 
PET, or Positron Emission Tomography images are 
widely used in many clinical applications, such as tumor 
detection and brain disorder diagnosis. PET/CT imaging 
is becoming more popular as a tool for quantifying an 
individual's response to therapy. The two most 
significant sources of variation that occur in practice are 
the amount of injected FDG and the patient's weight. In 
nuclear medicine (NM) practices, to evaluate the 
standard FDG (as a radionuclide) uptake value, the 
activity concentration of FDG and the patient’s weight 
are crucial factors. The standardized uptake value (SUV) 
is a dimensionless ratio used historically by NM 
professionals to distinguish between "normal" and 
"abnormal" levels of uptake (2). It is marked out as the 
ratio of activity per unit volume of a region of interest 
(ROI) to the activity per unit whole body volume and is 
contemplated to be a semi-quantitative parameter. The 
SUV is then used to determine the malignancy within the 
ROI. Currently, SUV measurements are not sufficiently 
standardized between PET/CT scanners (3). SUV 
parameters of FDG-PET, such as the average SUV 
(SUVavg), and the ratio of tumor SUVmax to liver SUV 
(SUVT/L), have predictive significance. Also, SUVR, 
MSE, SNR, and PSNR of PET images have quantitative 

predictive significance. In this study, an alternative 
method to determine this SUV from PET-CT-derived 
images will be established by MATLAB-based 
programming. Also, correction factors and several 
polynomial expressions will be implemented to reach as 
accurate a measurement as possible. It will ensure the 
alternative extraction of SUV values besides the 
commercial medical image processing software-derived 
SUV values. ‘imagej’ software was also used to show the 
values of SUV related parameters from the histograms of 
different images. We aimed to use MATLAB as an 
alternative way to calculate SUV from the 
JPEG-formatted images of PET-CT.

The key factor influencing the motivation behind this 
study is the ever-increasing use of standardized uptake 
values (SUVs) in clinical FDG-PET/CT oncology 
imaging, which has a specific role in assessing patient 
response to cancer therapy. However, in practice, there 
are several sources of bias and variance introduced in 
the measurement of FDG uptake in tumors and also in 
the conversion of the image count data to SUVs. 
Ideally, the use of SUVs removes the variability 
introduced by differences in patient size and the amount 
of FDG injected. Not accounting for all these error 
sources can lead to potential errors of 50% in SUV 
calculations (4). SUVs have been used in the 
delineation of GTVs for esophageal, lung, and tumor 
cancers. That’s why, in this study, the calculation of the 
SUVs of PET images by MATLAB software-based 
programming has taken on a major role and will come 
out as an alternate way of determining SUV values 
rather than the commercial-based software. Image 
quality has also been enhanced by reducing the 
Gaussian noise, which can vary the intensity gradient of 
the PET-CT-derived images. The correction factor was 
also implemented, as a scaling factor was needed to 
reduce the variations from the vendors that provided 
commercial software for the calculation of SUV. The 
working process also required software called "imagej" 
for processing the histograms of the images and 
extracting quantitative features from them.

METHODS

1. Equation of SUV

The standardized uptake ratio is a simple way to 
measure the activity in PET imaging. Since, it is used in 

practice for image analysis with cancer detection. The 
general idea of the definition of SUV can be described 
as the ratio of the image-derived concentration C 
(image) and the whole body concentration of the 
injected radioactivity C (injected).

SUV = C(image)/ C (injected)

C(image)is also defined as the pixel intensity of images 

that carry information such as the size of each pixel, 

color combination, and logical address.

The C (injected) value is nothing but the ratio of the 

injected radioactivity (also known as "injected dose") 

and body weight. Thus, we can derive it as,

C (injected) = ID/ BW

Where, ID= Injected dose 

            BW= Body weight

Both C(image) and C(injected) parameters are time 

variants. So the ultimate equation of SUV at time t 

post-injection,

SUV= C (image) (t) /ID(t)/BW

The physical unit of C (image) is often defined as mCi 

/mL and the C (injected) is  mCi/g.  So the unit of SUV 

we will find is g/ml.  

When the SUV can be taken from the reconstructed 

images, this value is further to be calculated through this 

given equation:

SUV = (PET image Pixels) / (injected dose in mCi)/ 

(Body weight in kg) (5).

2. Algorithm for Calculating SUV

The measurement of the SUV is directly dependent on 

computation analysis, and the values are extracted from 

the images that are loaded first on any particular 

software. Some significant software is commercially 

used for calculating SUV from PET-CT images to detect 

tumorous or malignant tissues. However, in this study, 

the operation was carried out by a programming code 

written in MATLAB and subjected to JPEG-formatted 

PET-CT images. 

Figure 1:  Flow chart diagram of obtaining SUV from MATLAB

3. Preprocessing of Dataset

As it is known, PET-CT provides anatomical and 
physical features of images, and these modalities are 
combined after that. Therefore, the PET-CT dataset is 
reconstructed with different mathematical algorithms to 
reflect the spatial distribution of the injected radiotracer 
(6). Those images are either evaluated in a combination 
of PET and CT modalities or observed individually. The 
dataset, along with the patient’s demographics (for 
example, the patient’s ID, ages, weights, and activity of 
the injected dose), was collected from the Institute of 
Nuclear Medicine and Allied Science (INMAS), Dhaka. 
The PET-CT unit of this institute initially examines the 
images through commercial-based software called 
"Syngo®: Siemens." The dataset contains combined 
images (both anatomical and physical features were 
recorded) that were previously stored in DICOM 
format, where the format was further converted into JPG 
format. The few images were annotated (e.g., mean 

SUV, min SUV, max SUV, standard deviation), which 
helped to correlate with the current study. 

4. Recognition of ROI in PET-CT Image with Tumor 
or Cancerous Cells

After loading a previously selected image into 
MATLAB, this section of code first uses the ellipse () 
function to select any circular-shaped ROI and then uses 
the create mask () function to create a binary mask.A 
region of interest (ROI) is a section of an image that is 
intended to perform any operation such as filtering, 
changing the contrast, multiplying with any constant 
value with an image pixel, and so on.This selection will 
be useful in medical image analysis to denote the tumor 
from any image.This region is defined as a binary mask. 
The binary mask creates an image with the same size as 
the image we want to process, with pixels that define 
ROI set to 1 inside it and 0 outside it.

In the FDG-PET scan before the patient's diagnosis, the 
radioactive tracers are swallowed, inhaled, or injected 
into the vein. Generally, cancerous or tumor cells have 
the ability to absorb more glucose than other tissues. 
Thus, cancer cells absorb more FDG, the PET scanner 
detects the radiation given off by the FDG, and the 
scanner is responsible for producing bright color-coded 
pixels in a certain area of the tumorous cell region 
during image reconstruction. Moreover, these bright 
colors have higher pixel intensities than the other pixels. 
Therefore, normal cells and tumor cells can be easily 
distinguished, and the physicist can denote the specific 
area of cancerous or tumorous cells from images (7).
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Background: Numerous researches had illustrated the long-term 
impact of COVID-19 on thyroid gland worldwide. The aim of this study 
is to observe similar consequences among Bangladeshi population since 
there is not much information available.             

Materials and Methods: A total of 58 adult patients with a mean age of 
29.53±9.005 years were studied to observe the long-term effect ( > 6 
months to 2 years) of COVID-19 infection, on their thyroid functions. 
Through convenience sampling, COVID-19 positive patients were 
selected, excluding any previously known thyroid illness or surgery, 
other endocrine complaints, pregnancy, COPD or bronchial asthma, 
hypertension, malignancy, or kidney disease. Thyroid functional status 
was assessed by quantitative determination of thyroid hormones and 
autoantibodies.

Results: Between a case group of 58 adult COVID-19 survivors and a 
control group of 27 healthy individuals, there was no significant 
difference in thyroid hormone levels (FT3, FT4, and TSH). However, 
two patients developed thyroid toxicity, with increased levels of FT3, 
FT4 and a decreased level of TSH. Concomitantly, increased levels of 
thyroid autoantibodies were also observed in two other patients.

Additionally, female participants showed significantly lower levels of 
FT3 and FT4 compared to the control group (p = 0.02 and p = 0.008, 
respectively). Among all of the COVID-19 survivors, a total of 10 
patients (17%) showed deviations from the normal range of thyroid 
hormones and thyroid autoantibodies. The rest of the 48 patients (83%) 
revealed no abnormality.

Conclusion: Female survivors experienced a significant change in 
thyroid functional status that lasted longer. However, further research 
needs to be performed on a larger scale before reaching a conclusion.
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INTRODUCTION 

In 2019, the people of the world became familiar with 
one of the most devastating pandemics, COVID-19. 
COVID-19 is caused by severe acute respiratory 
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syndrome coronavirus 2 (SARS-CoV-2) (China-WHO 
Joint Mission, 2020). As it is a novel viral disease, there 
is a lot more to be discovered. In Bangladesh, the first 
case of COVID-19 was reported on March 8, 2020 (1). 
Still, people are being affected in this country, either 
knowingly or unknowingly. Like many other countries, 
Bangladesh was also hit by the five consecutive waves 
involving various variants of SARS-CoV-2, among 
which the second wave was the most destructive one (2). 
COVID-19 has caused 6.83 million deaths worldwide 
until now. In Bangladesh, around 2.04 million people 
are reported to be affected by the Corona virus, 
including about thirty thousand known cases of tragic 
deaths. Therefore, it has become urgently necessary to 
study the impact of this novel kind of virus on the 
population of Bangladesh (3).

Despite numerous studies, the effect of coronavirus on 
the human endocrine system, particularly the thyroid 
gland, remains unknown. The SARS-CoV-2 virus is 
reported to interact with the thyroid gland through a 
complicated association of hormones and 
immunomodulatory signal molecules (4, 5). Because 
SARS-Cov-2-related thyroid dysfunction has been 
found in various studies, it is still unclear how thyroid 
autoantibodies function against the increased viral load 
of Corona virus (5).The expression of angiotensin 
converting enzyme 2 (ACE-2) combined with 
transmembrane protease serine 2 (TMPRESS2) is the 
key cellular complex for the virus to infect human cells, 
and interestingly, both of these are expressed in the 
thyroid gland too, even more than the lungs (6). In 
addition, it is also known that antibodies against the 
SARS CoV2 react with cellular antigens, including 
those on the thyroid. Furthermore, the spike protein 

shows molecular mimicry toward thyroid peroxidase. 
Thus, the induction of antibodies to COVID19 may 
interact with the thyroid surface receptors (7). As the 
peak period of COVID-19 severity has passed in this 
country, the long-term effect of the virus on the thyroid 
gland is the subject of this study. Many recent studies 
have shown that COVID-19 can cause thyroid 
dysfunction in both the acute and convalescent phases 
(8). According to the UK National Institute for Health 
and Care Excellence (NICE) (9) and other integrated 
classifications of post-COVID symptoms (10), a crucial 
part is "long COVID" (symptoms persisting >12 weeks) 
and "Phase 3" (persistent post-COVID symptoms that 
last for more than 24 weeks). Long COVID exhibits a 
slew of symptoms affecting various other organs of the 
human body in the absence of respiratory symptoms. 
However, it is unclear whether this type of action will 
last for a long time in the case of the thyroid gland 
interfering with the normal physiological balance of the 
human body.

PATIENTS AND METHODS

Case Selection

This cross-sectional study involved mainly the 
population of the Chattogram division of Bangladesh. 
The case population was patients who had been affected 
by COVID-19 previously (within the last 6 months to 2 
years). Referred by specialist physicians, these patients 
with plausible symptoms of thyroid illness underwent a 
thyroid hormonal assay at the Institution of Nuclear 
Medicine and Allied Sciences (INMAS), Chattogram. 
Thus, through convenience sampling, adult COVID-19 
survivors were selected. Healthy individuals who were 
neither affected by COVID-19 nor suspected cases were 
selected for the control group. Informed written 
consents were collected after proper explanation about 
the research. 

Patients with a previous history of thyroid illness or 
surgery, any other endocrine complaints, pregnancy, 
COPD or asthma, hypertension, diabetes, cancer, kidney 
disease, or those taking drugs like amiodarone, 
interferon, etc. that may interact with thyroid function 
were excluded from the study. For sorting COVID-19 
positives, both RT-PCR confirmed and suspected cases 

were included. Because of the lack of knowledge and 
asymptomatic nature of this disease, many of the cases 
were unaware of testing by RT-PCR.

Sample collection

In this study, three principal hormones were measured 
and compared: FT3 (free triiodothyronine), FT4 (free 
thyroxine), Thyroid Stimulating Hormone (TSH), and 
the two most important anti-thyroid antibodies: 
anti-thyroglobulin antibody (TgAb) and anti-thyroid 
peroxidase antibody ( TPOAb). For this, the blood 
serum sample was used. 8 cc of blood were collected 
from each patient, and serum was isolated.

Estimation of thyroid hormones and anti-thyroid 
antibodies were done by the chemiluminescent 
immunoassay (CLIA) technique with the most advanced 
technology of ADVIA Centaur@XPT. Reference ranges 
for this tests were as follows: FT3: 3.50-6.50 pmol/L, 
FT4: 11.5-22.7 pmol/L, TSH: 0.35-5.50 µIU/mL, 
Anti-Tg: <4.5 IU/mL and Anti TPO: <60.0 IU/mL.

Statistical Analysis

The statistical analysis was performed on MS Excel and 
IBM SPSS (Statistical Package for Social Sciences, for 
windows 20) software. Data with normal distribution 
were shown by mean ± SD (standard deviation). For 
quantitative variables, comparison was done by 
independent two-sample T test. To study the association 
between categorical variables, Chi-square tests were 
performed. The correlation analysis was performed by 
the Pearson or Spearman correlation analysis.

RESULTS

A total of 58 adult COVID-19 survivors and 27 healthy 
control individuals were enrolled for this study. There 
were no significant differences between age (29.539.05 
and 32.2610.19 years), gender (female: 72% and 67% 
and male: 28% and 33%), height (1.58 meter and 1.58 
meter), weight (60.63 kg and 60.29 kg), and body mass 
index (BMI) (24.16 and 24.04) of the case and control 
populations, respectively.

Two patients were found to be hyperthyroid, showing 
higher levels of FT3 and FT4 as well as a lower level of 
TSH compared with the reference values (Patient 01: 
FT3: 19.46 pmol/L, FT4: 57.88 pmol/L, and TSH: 0.008 

IU/mL; Patient 02: FT3: 3.89 pmol/L, FT4: 23.88 
pmol/L, and TSH: 0.279 IU/mL). Similarly, two more 
patients were observed with high levels of serum TSH 
and were positive for both TgAb and TPOAb (Patient 
01: FT3: 5.23 pmol/L, FT4: 13.33 pmol/L, TSH: 16.615 
IU/mL, TgAb positive, TPOAb positive; Patient 02: 
FT3: 5.99 pmol/L, FT4: 17.04 pmol/L, TSH: 16.675 
IU/mL and TgAb positive, TPOAb positive). A 
comparison was made with the normal range of thyroid 
hormone levels (FT3: 3.50–6.50 pmol/L, FT4: 11.5-22.7 
pmol/L, and TSH: 0.35–5.50 IU/mL).

Table 1. Comparison between Covid-19 survivors and 
control participants

Thyroid hormone levels were also compared between 
case and control participants depending on their gender. 
For the female participants the FT3 and FT4 values was 
significantly lower than that of control group (p=0.02, 
p=0.008 respectively).

Table 2. Comparison of thyroid hormone (FT3, FT4) 
levels in female and male group between sample and 
control participants.

A bivariate correlation analysis was done to interpret the 
impact of age and BMI on thyroid function in the case 
population. One significant positive correlation was 
found between the weight and TSH level (Pearson’s 
correlation coefficient of 0.378*; correlation is 
significant at the 0.01 level; two tailed test). 
Furthermore, the BMI of the female sample showed a 
weakly positive correlation with their TSH level 
(Pearson’s correlation coefficient of 0.31).

Figure 1: Correlation between weight and TSH level 
of COVID-19 survivors

Figure 2 : Correlation between BMI and TSH level of 
female COVID-19 survivors

DISCUSSION

COVID-19 is being studied as a systemic infection that 
can easily affect multiple human body systems.This 
highly contagious infectious disease is caused by the 
SARS-CoV-2 virus, which is a positive-stranded 
(+ssRNA) virus. Following the entry of this virus inside 

the host, many proteins are produced for the replication, 
transcription, and translation of the viral RNA. These 
proteins are involved in the pathogenesis of the 
COVID-19 disease. Many nonstructural and other 
structural proteins can block innate immune responses 
(11). Sometimes, chronic complications were also 
observed in various cases (12). Research in different 
disciplines has been performed to analyze the prolonged 
effect of COVID-19, but until now, no integrated 
explanation has been delivered regarding the diverse 
impact of long-term COVID-19 (13). However, most 
doctors and researchers agree that the long COVID 
symptoms persist because SARS CoV-2 can cause a 
massive inflammatory response (14).The higher level of 
ACE2 expression in the thyroid gland is the main reason 
for SARS-CoV-2 targeting the hypothalamic- pituitary 
-thyroid axis (4, 15). COVID-19-related subacute 
thyroiditis has been linked to painless thyrotoxicity, 
followed by hypothyroidism in some cases (16). With 
acute and reversible changes in thyroid gland functions, 
the thyroid volume was found significantly lower in 
COVID-19 survivors as well (8). COVID-19 has the 
potential to impair thyroid function through direct virus 
interaction with the gland, sick euthyroid syndromes, 
and autoimmune responses (17). Without the risk of 
developing thyroid disorder after COVID-19 infection, 
researchers have recently been concerned about the 
possibility of hyper- or hypothyroidism after receiving 
SARS-CoV-2 vaccination (18).Vaccines for COVID-19 
consisting of mRNA are widely used. This kind of 
vaccine is capable of inducing a similar type of 
autoimmune response as COVID-19, which is 
concerning for developing subacute thyroiditis in the 
vaccinated patients (18, 19).

This study revealed some important insights about 
COVID-19 survivors in the Bangladeshi population, 
such as the fact that two patients were found to be 
hyperthyroid and two to have subclinical conditions 
even after a year of infection. Female patients showed 
lower levels of FT3 and FT4 compared with controls, 
which is noticeable and indicates further investigation. 
Moreover, patients with obesity (BMI 25–30), 
especially female participants, showed higher serum 
levels of TSH, which also indicates that, female 

COVID-19 survivors with obesity (BMI>30) are more 
vulnerable to hypothyroidism. Therefore, female 
individuals who suffer from COVID-19 need early 
thyroid functional tests and to take good care of 
themselves to be protected from any kind of thyroid 
related consequences.

There are some limitations to this study, such as the fact 
that not all COVID-19 patients could provide 
information for RT-PCR confirmation. So the patients 
with suspected cases needed to be considered. Because 
healthy individuals without even suspicion are difficult 
to find, the number of control patients is lower than that 
of cases.

CONCLUSION

Since the onset of the COVID-19 pandemic, the impact 
of COVID-19 on thyroid function has been studied in a 
variety of ways around the world. However, the research 
clearly shows that COVID-19 is more than just a 
pulmonary infection; it has a broader impact on human 
health. For this reason, some kind of prospective study 
could be done, especially focusing on the female 
survivors of Bangladesh.
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ABSTRACT

The Standardized Uptake Value (SUV) is one of the fundamental 
parameters to determine whether a region may be considered a “tumor” 
or “malignant” from PET-CT-derived images. When a measured SUV 
value is around 2.5, it is non-malignant. Again small tumorous areas can 
also show a maximum SUV of <2.5. The main objective of this study is 
to develop a computer program based on MATLAB for calculating SUV 
from PET-CT-derived images. This study also projects the way of 
calculating SUVs in a facile way. The study was particularly concerned 
with the 2D PET-CT images which were initially derived from 
commercial medical image processing software. Unlike the DICOM 
(Digital Imaging and Communications in Medicine) formatted PET-CT 
produced image, the study calculated these images in JPG (Joint 
Photographic Group) format. Each command and instruction of this 
program produces the selection of a region of interest (ROI) 
sequentially. The programming code also extracted the recognition of 
the desired ROI in cancerous cells. In the study, we have loaded 13 
different PET-CT image samples in the software as input. These inputs 
were used to reach the final result by using in-house developed 
MATLAB code. A correlation (polynomial expression) between the 
calculated SUV and the acquired SUV value from commercial software 
had been established in order to reduce the error. It is concluded that the 
in-house developed MATLAB program can be used for rapid estimation 
of SUV value within an acceptable error range.

Key words: Standardized Uptake Value (SUV), JPG formatted PET-CT 
images, MATLAB software, Correction factor, Polynomial expression. 

Bangladesh J. Nucl. Med. Vol. 25 No. 2  2022

Doi: https://doi.org/10.3329/bjnm.v25i2.64645

INTRODUCTION 

The advancement of detecting and measuring parameters 
plays supportive roles in the image processing domain. 
The scope of image processing and analysis employed in 

medical applications is to enhance the quality of the 
acquired image and extract quantitative information 
from medical image data with high accuracy (1). There 
are several modalities of nuclear medicine image 
processing. But in this case, specifically, the PET image 
processing features will be the topic to be focused on. 
PET, or Positron Emission Tomography images are 
widely used in many clinical applications, such as tumor 
detection and brain disorder diagnosis. PET/CT imaging 
is becoming more popular as a tool for quantifying an 
individual's response to therapy. The two most 
significant sources of variation that occur in practice are 
the amount of injected FDG and the patient's weight. In 
nuclear medicine (NM) practices, to evaluate the 
standard FDG (as a radionuclide) uptake value, the 
activity concentration of FDG and the patient’s weight 
are crucial factors. The standardized uptake value (SUV) 
is a dimensionless ratio used historically by NM 
professionals to distinguish between "normal" and 
"abnormal" levels of uptake (2). It is marked out as the 
ratio of activity per unit volume of a region of interest 
(ROI) to the activity per unit whole body volume and is 
contemplated to be a semi-quantitative parameter. The 
SUV is then used to determine the malignancy within the 
ROI. Currently, SUV measurements are not sufficiently 
standardized between PET/CT scanners (3). SUV 
parameters of FDG-PET, such as the average SUV 
(SUVavg), and the ratio of tumor SUVmax to liver SUV 
(SUVT/L), have predictive significance. Also, SUVR, 
MSE, SNR, and PSNR of PET images have quantitative 

predictive significance. In this study, an alternative 
method to determine this SUV from PET-CT-derived 
images will be established by MATLAB-based 
programming. Also, correction factors and several 
polynomial expressions will be implemented to reach as 
accurate a measurement as possible. It will ensure the 
alternative extraction of SUV values besides the 
commercial medical image processing software-derived 
SUV values. ‘imagej’ software was also used to show the 
values of SUV related parameters from the histograms of 
different images. We aimed to use MATLAB as an 
alternative way to calculate SUV from the 
JPEG-formatted images of PET-CT.

The key factor influencing the motivation behind this 
study is the ever-increasing use of standardized uptake 
values (SUVs) in clinical FDG-PET/CT oncology 
imaging, which has a specific role in assessing patient 
response to cancer therapy. However, in practice, there 
are several sources of bias and variance introduced in 
the measurement of FDG uptake in tumors and also in 
the conversion of the image count data to SUVs. 
Ideally, the use of SUVs removes the variability 
introduced by differences in patient size and the amount 
of FDG injected. Not accounting for all these error 
sources can lead to potential errors of 50% in SUV 
calculations (4). SUVs have been used in the 
delineation of GTVs for esophageal, lung, and tumor 
cancers. That’s why, in this study, the calculation of the 
SUVs of PET images by MATLAB software-based 
programming has taken on a major role and will come 
out as an alternate way of determining SUV values 
rather than the commercial-based software. Image 
quality has also been enhanced by reducing the 
Gaussian noise, which can vary the intensity gradient of 
the PET-CT-derived images. The correction factor was 
also implemented, as a scaling factor was needed to 
reduce the variations from the vendors that provided 
commercial software for the calculation of SUV. The 
working process also required software called "imagej" 
for processing the histograms of the images and 
extracting quantitative features from them.

METHODS

1. Equation of SUV

The standardized uptake ratio is a simple way to 
measure the activity in PET imaging. Since, it is used in 

practice for image analysis with cancer detection. The 
general idea of the definition of SUV can be described 
as the ratio of the image-derived concentration C 
(image) and the whole body concentration of the 
injected radioactivity C (injected).

SUV = C(image)/ C (injected)

C(image)is also defined as the pixel intensity of images 

that carry information such as the size of each pixel, 

color combination, and logical address.

The C (injected) value is nothing but the ratio of the 

injected radioactivity (also known as "injected dose") 

and body weight. Thus, we can derive it as,

C (injected) = ID/ BW

Where, ID= Injected dose 

            BW= Body weight

Both C(image) and C(injected) parameters are time 

variants. So the ultimate equation of SUV at time t 

post-injection,

SUV= C (image) (t) /ID(t)/BW

The physical unit of C (image) is often defined as mCi 

/mL and the C (injected) is  mCi/g.  So the unit of SUV 

we will find is g/ml.  

When the SUV can be taken from the reconstructed 

images, this value is further to be calculated through this 

given equation:

SUV = (PET image Pixels) / (injected dose in mCi)/ 

(Body weight in kg) (5).

2. Algorithm for Calculating SUV

The measurement of the SUV is directly dependent on 

computation analysis, and the values are extracted from 

the images that are loaded first on any particular 

software. Some significant software is commercially 

used for calculating SUV from PET-CT images to detect 

tumorous or malignant tissues. However, in this study, 

the operation was carried out by a programming code 

written in MATLAB and subjected to JPEG-formatted 

PET-CT images. 

Figure 1:  Flow chart diagram of obtaining SUV from MATLAB

3. Preprocessing of Dataset

As it is known, PET-CT provides anatomical and 
physical features of images, and these modalities are 
combined after that. Therefore, the PET-CT dataset is 
reconstructed with different mathematical algorithms to 
reflect the spatial distribution of the injected radiotracer 
(6). Those images are either evaluated in a combination 
of PET and CT modalities or observed individually. The 
dataset, along with the patient’s demographics (for 
example, the patient’s ID, ages, weights, and activity of 
the injected dose), was collected from the Institute of 
Nuclear Medicine and Allied Science (INMAS), Dhaka. 
The PET-CT unit of this institute initially examines the 
images through commercial-based software called 
"Syngo®: Siemens." The dataset contains combined 
images (both anatomical and physical features were 
recorded) that were previously stored in DICOM 
format, where the format was further converted into JPG 
format. The few images were annotated (e.g., mean 

SUV, min SUV, max SUV, standard deviation), which 
helped to correlate with the current study. 

4. Recognition of ROI in PET-CT Image with Tumor 
or Cancerous Cells

After loading a previously selected image into 
MATLAB, this section of code first uses the ellipse () 
function to select any circular-shaped ROI and then uses 
the create mask () function to create a binary mask.A 
region of interest (ROI) is a section of an image that is 
intended to perform any operation such as filtering, 
changing the contrast, multiplying with any constant 
value with an image pixel, and so on.This selection will 
be useful in medical image analysis to denote the tumor 
from any image.This region is defined as a binary mask. 
The binary mask creates an image with the same size as 
the image we want to process, with pixels that define 
ROI set to 1 inside it and 0 outside it.

In the FDG-PET scan before the patient's diagnosis, the 
radioactive tracers are swallowed, inhaled, or injected 
into the vein. Generally, cancerous or tumor cells have 
the ability to absorb more glucose than other tissues. 
Thus, cancer cells absorb more FDG, the PET scanner 
detects the radiation given off by the FDG, and the 
scanner is responsible for producing bright color-coded 
pixels in a certain area of the tumorous cell region 
during image reconstruction. Moreover, these bright 
colors have higher pixel intensities than the other pixels. 
Therefore, normal cells and tumor cells can be easily 
distinguished, and the physicist can denote the specific 
area of cancerous or tumorous cells from images (7).
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ABSTRACT

Background: Numerous researches had illustrated the long-term 
impact of COVID-19 on thyroid gland worldwide. The aim of this study 
is to observe similar consequences among Bangladeshi population since 
there is not much information available.             

Materials and Methods: A total of 58 adult patients with a mean age of 
29.53±9.005 years were studied to observe the long-term effect ( > 6 
months to 2 years) of COVID-19 infection, on their thyroid functions. 
Through convenience sampling, COVID-19 positive patients were 
selected, excluding any previously known thyroid illness or surgery, 
other endocrine complaints, pregnancy, COPD or bronchial asthma, 
hypertension, malignancy, or kidney disease. Thyroid functional status 
was assessed by quantitative determination of thyroid hormones and 
autoantibodies.

Results: Between a case group of 58 adult COVID-19 survivors and a 
control group of 27 healthy individuals, there was no significant 
difference in thyroid hormone levels (FT3, FT4, and TSH). However, 
two patients developed thyroid toxicity, with increased levels of FT3, 
FT4 and a decreased level of TSH. Concomitantly, increased levels of 
thyroid autoantibodies were also observed in two other patients.

Additionally, female participants showed significantly lower levels of 
FT3 and FT4 compared to the control group (p = 0.02 and p = 0.008, 
respectively). Among all of the COVID-19 survivors, a total of 10 
patients (17%) showed deviations from the normal range of thyroid 
hormones and thyroid autoantibodies. The rest of the 48 patients (83%) 
revealed no abnormality.

Conclusion: Female survivors experienced a significant change in 
thyroid functional status that lasted longer. However, further research 
needs to be performed on a larger scale before reaching a conclusion.

Keywords: COVID-19, thyroid functionality, thyroid autoantibodies, 
hyperthyroidism.
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INTRODUCTION 

In 2019, the people of the world became familiar with 
one of the most devastating pandemics, COVID-19. 
COVID-19 is caused by severe acute respiratory 
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syndrome coronavirus 2 (SARS-CoV-2) (China-WHO 
Joint Mission, 2020). As it is a novel viral disease, there 
is a lot more to be discovered. In Bangladesh, the first 
case of COVID-19 was reported on March 8, 2020 (1). 
Still, people are being affected in this country, either 
knowingly or unknowingly. Like many other countries, 
Bangladesh was also hit by the five consecutive waves 
involving various variants of SARS-CoV-2, among 
which the second wave was the most destructive one (2). 
COVID-19 has caused 6.83 million deaths worldwide 
until now. In Bangladesh, around 2.04 million people 
are reported to be affected by the Corona virus, 
including about thirty thousand known cases of tragic 
deaths. Therefore, it has become urgently necessary to 
study the impact of this novel kind of virus on the 
population of Bangladesh (3).

Despite numerous studies, the effect of coronavirus on 
the human endocrine system, particularly the thyroid 
gland, remains unknown. The SARS-CoV-2 virus is 
reported to interact with the thyroid gland through a 
complicated association of hormones and 
immunomodulatory signal molecules (4, 5). Because 
SARS-Cov-2-related thyroid dysfunction has been 
found in various studies, it is still unclear how thyroid 
autoantibodies function against the increased viral load 
of Corona virus (5).The expression of angiotensin 
converting enzyme 2 (ACE-2) combined with 
transmembrane protease serine 2 (TMPRESS2) is the 
key cellular complex for the virus to infect human cells, 
and interestingly, both of these are expressed in the 
thyroid gland too, even more than the lungs (6). In 
addition, it is also known that antibodies against the 
SARS CoV2 react with cellular antigens, including 
those on the thyroid. Furthermore, the spike protein 

shows molecular mimicry toward thyroid peroxidase. 
Thus, the induction of antibodies to COVID19 may 
interact with the thyroid surface receptors (7). As the 
peak period of COVID-19 severity has passed in this 
country, the long-term effect of the virus on the thyroid 
gland is the subject of this study. Many recent studies 
have shown that COVID-19 can cause thyroid 
dysfunction in both the acute and convalescent phases 
(8). According to the UK National Institute for Health 
and Care Excellence (NICE) (9) and other integrated 
classifications of post-COVID symptoms (10), a crucial 
part is "long COVID" (symptoms persisting >12 weeks) 
and "Phase 3" (persistent post-COVID symptoms that 
last for more than 24 weeks). Long COVID exhibits a 
slew of symptoms affecting various other organs of the 
human body in the absence of respiratory symptoms. 
However, it is unclear whether this type of action will 
last for a long time in the case of the thyroid gland 
interfering with the normal physiological balance of the 
human body.

PATIENTS AND METHODS

Case Selection

This cross-sectional study involved mainly the 
population of the Chattogram division of Bangladesh. 
The case population was patients who had been affected 
by COVID-19 previously (within the last 6 months to 2 
years). Referred by specialist physicians, these patients 
with plausible symptoms of thyroid illness underwent a 
thyroid hormonal assay at the Institution of Nuclear 
Medicine and Allied Sciences (INMAS), Chattogram. 
Thus, through convenience sampling, adult COVID-19 
survivors were selected. Healthy individuals who were 
neither affected by COVID-19 nor suspected cases were 
selected for the control group. Informed written 
consents were collected after proper explanation about 
the research. 

Patients with a previous history of thyroid illness or 
surgery, any other endocrine complaints, pregnancy, 
COPD or asthma, hypertension, diabetes, cancer, kidney 
disease, or those taking drugs like amiodarone, 
interferon, etc. that may interact with thyroid function 
were excluded from the study. For sorting COVID-19 
positives, both RT-PCR confirmed and suspected cases 

were included. Because of the lack of knowledge and 
asymptomatic nature of this disease, many of the cases 
were unaware of testing by RT-PCR.

Sample collection

In this study, three principal hormones were measured 
and compared: FT3 (free triiodothyronine), FT4 (free 
thyroxine), Thyroid Stimulating Hormone (TSH), and 
the two most important anti-thyroid antibodies: 
anti-thyroglobulin antibody (TgAb) and anti-thyroid 
peroxidase antibody ( TPOAb). For this, the blood 
serum sample was used. 8 cc of blood were collected 
from each patient, and serum was isolated.

Estimation of thyroid hormones and anti-thyroid 
antibodies were done by the chemiluminescent 
immunoassay (CLIA) technique with the most advanced 
technology of ADVIA Centaur@XPT. Reference ranges 
for this tests were as follows: FT3: 3.50-6.50 pmol/L, 
FT4: 11.5-22.7 pmol/L, TSH: 0.35-5.50 µIU/mL, 
Anti-Tg: <4.5 IU/mL and Anti TPO: <60.0 IU/mL.

Statistical Analysis

The statistical analysis was performed on MS Excel and 
IBM SPSS (Statistical Package for Social Sciences, for 
windows 20) software. Data with normal distribution 
were shown by mean ± SD (standard deviation). For 
quantitative variables, comparison was done by 
independent two-sample T test. To study the association 
between categorical variables, Chi-square tests were 
performed. The correlation analysis was performed by 
the Pearson or Spearman correlation analysis.

RESULTS

A total of 58 adult COVID-19 survivors and 27 healthy 
control individuals were enrolled for this study. There 
were no significant differences between age (29.539.05 
and 32.2610.19 years), gender (female: 72% and 67% 
and male: 28% and 33%), height (1.58 meter and 1.58 
meter), weight (60.63 kg and 60.29 kg), and body mass 
index (BMI) (24.16 and 24.04) of the case and control 
populations, respectively.

Two patients were found to be hyperthyroid, showing 
higher levels of FT3 and FT4 as well as a lower level of 
TSH compared with the reference values (Patient 01: 
FT3: 19.46 pmol/L, FT4: 57.88 pmol/L, and TSH: 0.008 

IU/mL; Patient 02: FT3: 3.89 pmol/L, FT4: 23.88 
pmol/L, and TSH: 0.279 IU/mL). Similarly, two more 
patients were observed with high levels of serum TSH 
and were positive for both TgAb and TPOAb (Patient 
01: FT3: 5.23 pmol/L, FT4: 13.33 pmol/L, TSH: 16.615 
IU/mL, TgAb positive, TPOAb positive; Patient 02: 
FT3: 5.99 pmol/L, FT4: 17.04 pmol/L, TSH: 16.675 
IU/mL and TgAb positive, TPOAb positive). A 
comparison was made with the normal range of thyroid 
hormone levels (FT3: 3.50–6.50 pmol/L, FT4: 11.5-22.7 
pmol/L, and TSH: 0.35–5.50 IU/mL).

Table 1. Comparison between Covid-19 survivors and 
control participants

Thyroid hormone levels were also compared between 
case and control participants depending on their gender. 
For the female participants the FT3 and FT4 values was 
significantly lower than that of control group (p=0.02, 
p=0.008 respectively).

Table 2. Comparison of thyroid hormone (FT3, FT4) 
levels in female and male group between sample and 
control participants.

A bivariate correlation analysis was done to interpret the 
impact of age and BMI on thyroid function in the case 
population. One significant positive correlation was 
found between the weight and TSH level (Pearson’s 
correlation coefficient of 0.378*; correlation is 
significant at the 0.01 level; two tailed test). 
Furthermore, the BMI of the female sample showed a 
weakly positive correlation with their TSH level 
(Pearson’s correlation coefficient of 0.31).

Figure 1: Correlation between weight and TSH level 
of COVID-19 survivors

Figure 2 : Correlation between BMI and TSH level of 
female COVID-19 survivors

DISCUSSION

COVID-19 is being studied as a systemic infection that 
can easily affect multiple human body systems.This 
highly contagious infectious disease is caused by the 
SARS-CoV-2 virus, which is a positive-stranded 
(+ssRNA) virus. Following the entry of this virus inside 

the host, many proteins are produced for the replication, 
transcription, and translation of the viral RNA. These 
proteins are involved in the pathogenesis of the 
COVID-19 disease. Many nonstructural and other 
structural proteins can block innate immune responses 
(11). Sometimes, chronic complications were also 
observed in various cases (12). Research in different 
disciplines has been performed to analyze the prolonged 
effect of COVID-19, but until now, no integrated 
explanation has been delivered regarding the diverse 
impact of long-term COVID-19 (13). However, most 
doctors and researchers agree that the long COVID 
symptoms persist because SARS CoV-2 can cause a 
massive inflammatory response (14).The higher level of 
ACE2 expression in the thyroid gland is the main reason 
for SARS-CoV-2 targeting the hypothalamic- pituitary 
-thyroid axis (4, 15). COVID-19-related subacute 
thyroiditis has been linked to painless thyrotoxicity, 
followed by hypothyroidism in some cases (16). With 
acute and reversible changes in thyroid gland functions, 
the thyroid volume was found significantly lower in 
COVID-19 survivors as well (8). COVID-19 has the 
potential to impair thyroid function through direct virus 
interaction with the gland, sick euthyroid syndromes, 
and autoimmune responses (17). Without the risk of 
developing thyroid disorder after COVID-19 infection, 
researchers have recently been concerned about the 
possibility of hyper- or hypothyroidism after receiving 
SARS-CoV-2 vaccination (18).Vaccines for COVID-19 
consisting of mRNA are widely used. This kind of 
vaccine is capable of inducing a similar type of 
autoimmune response as COVID-19, which is 
concerning for developing subacute thyroiditis in the 
vaccinated patients (18, 19).

This study revealed some important insights about 
COVID-19 survivors in the Bangladeshi population, 
such as the fact that two patients were found to be 
hyperthyroid and two to have subclinical conditions 
even after a year of infection. Female patients showed 
lower levels of FT3 and FT4 compared with controls, 
which is noticeable and indicates further investigation. 
Moreover, patients with obesity (BMI 25–30), 
especially female participants, showed higher serum 
levels of TSH, which also indicates that, female 

COVID-19 survivors with obesity (BMI>30) are more 
vulnerable to hypothyroidism. Therefore, female 
individuals who suffer from COVID-19 need early 
thyroid functional tests and to take good care of 
themselves to be protected from any kind of thyroid 
related consequences.

There are some limitations to this study, such as the fact 
that not all COVID-19 patients could provide 
information for RT-PCR confirmation. So the patients 
with suspected cases needed to be considered. Because 
healthy individuals without even suspicion are difficult 
to find, the number of control patients is lower than that 
of cases.

CONCLUSION

Since the onset of the COVID-19 pandemic, the impact 
of COVID-19 on thyroid function has been studied in a 
variety of ways around the world. However, the research 
clearly shows that COVID-19 is more than just a 
pulmonary infection; it has a broader impact on human 
health. For this reason, some kind of prospective study 
could be done, especially focusing on the female 
survivors of Bangladesh.
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ABSTRACT

The Standardized Uptake Value (SUV) is one of the fundamental 
parameters to determine whether a region may be considered a “tumor” 
or “malignant” from PET-CT-derived images. When a measured SUV 
value is around 2.5, it is non-malignant. Again small tumorous areas can 
also show a maximum SUV of <2.5. The main objective of this study is 
to develop a computer program based on MATLAB for calculating SUV 
from PET-CT-derived images. This study also projects the way of 
calculating SUVs in a facile way. The study was particularly concerned 
with the 2D PET-CT images which were initially derived from 
commercial medical image processing software. Unlike the DICOM 
(Digital Imaging and Communications in Medicine) formatted PET-CT 
produced image, the study calculated these images in JPG (Joint 
Photographic Group) format. Each command and instruction of this 
program produces the selection of a region of interest (ROI) 
sequentially. The programming code also extracted the recognition of 
the desired ROI in cancerous cells. In the study, we have loaded 13 
different PET-CT image samples in the software as input. These inputs 
were used to reach the final result by using in-house developed 
MATLAB code. A correlation (polynomial expression) between the 
calculated SUV and the acquired SUV value from commercial software 
had been established in order to reduce the error. It is concluded that the 
in-house developed MATLAB program can be used for rapid estimation 
of SUV value within an acceptable error range.

Key words: Standardized Uptake Value (SUV), JPG formatted PET-CT 
images, MATLAB software, Correction factor, Polynomial expression. 
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INTRODUCTION 

The advancement of detecting and measuring parameters 
plays supportive roles in the image processing domain. 
The scope of image processing and analysis employed in 

medical applications is to enhance the quality of the 
acquired image and extract quantitative information 
from medical image data with high accuracy (1). There 
are several modalities of nuclear medicine image 
processing. But in this case, specifically, the PET image 
processing features will be the topic to be focused on. 
PET, or Positron Emission Tomography images are 
widely used in many clinical applications, such as tumor 
detection and brain disorder diagnosis. PET/CT imaging 
is becoming more popular as a tool for quantifying an 
individual's response to therapy. The two most 
significant sources of variation that occur in practice are 
the amount of injected FDG and the patient's weight. In 
nuclear medicine (NM) practices, to evaluate the 
standard FDG (as a radionuclide) uptake value, the 
activity concentration of FDG and the patient’s weight 
are crucial factors. The standardized uptake value (SUV) 
is a dimensionless ratio used historically by NM 
professionals to distinguish between "normal" and 
"abnormal" levels of uptake (2). It is marked out as the 
ratio of activity per unit volume of a region of interest 
(ROI) to the activity per unit whole body volume and is 
contemplated to be a semi-quantitative parameter. The 
SUV is then used to determine the malignancy within the 
ROI. Currently, SUV measurements are not sufficiently 
standardized between PET/CT scanners (3). SUV 
parameters of FDG-PET, such as the average SUV 
(SUVavg), and the ratio of tumor SUVmax to liver SUV 
(SUVT/L), have predictive significance. Also, SUVR, 
MSE, SNR, and PSNR of PET images have quantitative 

predictive significance. In this study, an alternative 
method to determine this SUV from PET-CT-derived 
images will be established by MATLAB-based 
programming. Also, correction factors and several 
polynomial expressions will be implemented to reach as 
accurate a measurement as possible. It will ensure the 
alternative extraction of SUV values besides the 
commercial medical image processing software-derived 
SUV values. ‘imagej’ software was also used to show the 
values of SUV related parameters from the histograms of 
different images. We aimed to use MATLAB as an 
alternative way to calculate SUV from the 
JPEG-formatted images of PET-CT.

The key factor influencing the motivation behind this 
study is the ever-increasing use of standardized uptake 
values (SUVs) in clinical FDG-PET/CT oncology 
imaging, which has a specific role in assessing patient 
response to cancer therapy. However, in practice, there 
are several sources of bias and variance introduced in 
the measurement of FDG uptake in tumors and also in 
the conversion of the image count data to SUVs. 
Ideally, the use of SUVs removes the variability 
introduced by differences in patient size and the amount 
of FDG injected. Not accounting for all these error 
sources can lead to potential errors of 50% in SUV 
calculations (4). SUVs have been used in the 
delineation of GTVs for esophageal, lung, and tumor 
cancers. That’s why, in this study, the calculation of the 
SUVs of PET images by MATLAB software-based 
programming has taken on a major role and will come 
out as an alternate way of determining SUV values 
rather than the commercial-based software. Image 
quality has also been enhanced by reducing the 
Gaussian noise, which can vary the intensity gradient of 
the PET-CT-derived images. The correction factor was 
also implemented, as a scaling factor was needed to 
reduce the variations from the vendors that provided 
commercial software for the calculation of SUV. The 
working process also required software called "imagej" 
for processing the histograms of the images and 
extracting quantitative features from them.

METHODS

1. Equation of SUV

The standardized uptake ratio is a simple way to 
measure the activity in PET imaging. Since, it is used in 

practice for image analysis with cancer detection. The 
general idea of the definition of SUV can be described 
as the ratio of the image-derived concentration C 
(image) and the whole body concentration of the 
injected radioactivity C (injected).

SUV = C(image)/ C (injected)

C(image)is also defined as the pixel intensity of images 

that carry information such as the size of each pixel, 

color combination, and logical address.

The C (injected) value is nothing but the ratio of the 

injected radioactivity (also known as "injected dose") 

and body weight. Thus, we can derive it as,

C (injected) = ID/ BW

Where, ID= Injected dose 

            BW= Body weight

Both C(image) and C(injected) parameters are time 

variants. So the ultimate equation of SUV at time t 

post-injection,

SUV= C (image) (t) /ID(t)/BW

The physical unit of C (image) is often defined as mCi 

/mL and the C (injected) is  mCi/g.  So the unit of SUV 

we will find is g/ml.  

When the SUV can be taken from the reconstructed 

images, this value is further to be calculated through this 

given equation:

SUV = (PET image Pixels) / (injected dose in mCi)/ 

(Body weight in kg) (5).

2. Algorithm for Calculating SUV

The measurement of the SUV is directly dependent on 

computation analysis, and the values are extracted from 

the images that are loaded first on any particular 

software. Some significant software is commercially 

used for calculating SUV from PET-CT images to detect 

tumorous or malignant tissues. However, in this study, 

the operation was carried out by a programming code 

written in MATLAB and subjected to JPEG-formatted 

PET-CT images. 

Figure 1:  Flow chart diagram of obtaining SUV from MATLAB

3. Preprocessing of Dataset

As it is known, PET-CT provides anatomical and 
physical features of images, and these modalities are 
combined after that. Therefore, the PET-CT dataset is 
reconstructed with different mathematical algorithms to 
reflect the spatial distribution of the injected radiotracer 
(6). Those images are either evaluated in a combination 
of PET and CT modalities or observed individually. The 
dataset, along with the patient’s demographics (for 
example, the patient’s ID, ages, weights, and activity of 
the injected dose), was collected from the Institute of 
Nuclear Medicine and Allied Science (INMAS), Dhaka. 
The PET-CT unit of this institute initially examines the 
images through commercial-based software called 
"Syngo®: Siemens." The dataset contains combined 
images (both anatomical and physical features were 
recorded) that were previously stored in DICOM 
format, where the format was further converted into JPG 
format. The few images were annotated (e.g., mean 

 

SUV, min SUV, max SUV, standard deviation), which 
helped to correlate with the current study. 

4. Recognition of ROI in PET-CT Image with Tumor 
or Cancerous Cells

After loading a previously selected image into 
MATLAB, this section of code first uses the ellipse () 
function to select any circular-shaped ROI and then uses 
the create mask () function to create a binary mask.A 
region of interest (ROI) is a section of an image that is 
intended to perform any operation such as filtering, 
changing the contrast, multiplying with any constant 
value with an image pixel, and so on.This selection will 
be useful in medical image analysis to denote the tumor 
from any image.This region is defined as a binary mask. 
The binary mask creates an image with the same size as 
the image we want to process, with pixels that define 
ROI set to 1 inside it and 0 outside it.

In the FDG-PET scan before the patient's diagnosis, the 
radioactive tracers are swallowed, inhaled, or injected 
into the vein. Generally, cancerous or tumor cells have 
the ability to absorb more glucose than other tissues. 
Thus, cancer cells absorb more FDG, the PET scanner 
detects the radiation given off by the FDG, and the 
scanner is responsible for producing bright color-coded 
pixels in a certain area of the tumorous cell region 
during image reconstruction. Moreover, these bright 
colors have higher pixel intensities than the other pixels. 
Therefore, normal cells and tumor cells can be easily 
distinguished, and the physicist can denote the specific 
area of cancerous or tumorous cells from images (7).

Figure 2: (a) Loaded image from MATLAB of cancer patient. (b) Selected ROI at cancerous portion. (c) Constructed image with created mask & ROI
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis
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A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
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polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

Figure 4: Annotated (Acquired) vs Calculated SUV using cubic interpolation

Table 2: Numerical information of polynomial expressions of multiple degree of orders (2nd-6th) for correlating
with annotated and calculated SUV

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis

DISCUSSION

The research work was intended to establish an in-house 
developed MATLAB program for calculating SUV 
(Standardized uptake value) and other quantitative 
information. Here, MATLAB acted as the main assistive 
tool to find out the relation between the calculated SUV 
and the acquired SUV. In general, most hospitals use the 
DICOM format to generate 3d information. The 
DICOM formatted images are also able to convert in 
JPG format. It typically shows 2D information from 
images. Our calculated SUV values are figured out in 
2D PET-CT images by selecting the ROI (Region of 
interest). However, in the selected image for the same 
ROI, the calculated SUV’s are not equal to the acquired 
SUV’s. Therefore, we have obtained the correlation 
between acquired SUV and calculated SUV through 
polynomial expressions. The fitted curve can also be 
represented by multiple degrees of orders. In this study, 
we have examined 2nd degree of order to 6th degree of 
order for polynomial curve fitting. By using the 6th 
degree of polynomial expression, the mean percentage 
of error has been found as 4.97%. So, it is a more 
appropriate outcome as justifying correlation of the 
calculated SUV values which were obtained from this 
research through using MATLAB compared with the 
acquired SUV values that had been collected from the 
hospital as 2D PET-CT images through commercial 
based software.

CONCLUSION

To summarize, a straightforward and convenient 
algorithm was built for calculating the Standardize 
Uptake Value (SUV) by MATLAB. From our research, 
we were able to accomplish the result with an accepted 
range of errors using our developed code. The function 

can be used as an assistive plan of action. Thereby, not 
only a substantial result is provided by this operation 
when the main commercial-based software is out of 
service but many researchers, doctors, oncologists can 
use the method as a second choice or for further 
investigations.
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