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ABSTRACT

META-ANALYSIS ON THE EFFECTS OF COVID-19 ON THYROID
DISORDERS

Millions of people were affected both by COVID-19 and thyroid diseases across the world
but previous works are limited to identify the effects of COVID-19 on thyroid disorders.
Thyroid holds a critical role to regulate numerous metabolic processes throughout the
body, a few changes in it, may have affect on other systems on the human body. During
the pandemic, thyroid disorders get increased and those disorders are usually interpreted as
autoimmune mechanisms. Present meta-analyses are completed with limited parameters
and just focus on a particular topic which prevents to act in a holistic approach. Our study
focuses on the relation between thyroid function test measures, thyroid dysfunction,
comorbidity and COVID-19 severity; also thyroid function test measures and mortality
caused by COVID-19; thyroid function test measures and COVID-19 existence are
observed. In total, 16 meta-analyses are completed and aim to improve the evidence level
of the studies related to thyroid disorders and COVID-19 which will contribute to the
medical sciences. 4260 studies were reviewed from PubMed and Science Direct search
engines, and after applying the exclusion criteria, 13 studies with a sample group of 2829
individuals were included in the meta-analyses. PRISMA 2020 Checklist flows were
tracked, for statistical calculation by using the RevMan and MedCalc software. All in all,
thyroid dysfunction patients tend to undergo more severe COVID-19. The relation between
thyroid disorders and COVID-19 was expressed with meta-analyses by using many

parameters, aiming to increase the reliability level of the related studies.
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OZET

COVID-19°UN TiROIT BOZUKLUKLARI UZERINDEKI ETKIiLERI UZERINE
META-ANALIZ

Diinya genelinde COVID-19 ve tiroit hastaliklarindan milyonlarca insanin etkilendigi
bilinmektedir. Literatiirdeki ¢alismalar COVID-19’un tiroit tiizerindeki etkilerini
aciklamakta yetersiz kalmaktadir. Tiroit, insan viicudundaki bir¢ok metabolik siireci
diizenlemede kritik bir role sahip oldugundan, isleyisindeki bir degisikligin etkisi viicuttaki
farkli sistemlere de olacaktir. COVID-19 pandemisi ile artan tiroit bozukluklar1 genellikle
otoimmiin mekanizmalara bagli olarak yorumlanmaktadir. Mevcut meta-analizler sadece
belirli parametrelere odaklandigindan biitiinciil bir yaklasim sergilememektedir. Bu
caligma tiroit fonksiyon test degerleri, tiroit bozukluklari, komorbidite ve COVID-19
ciddiyeti; tiroit fonksiyon test degerleri ve COVID-19 kaynakli 6liim vakalari, tiroit
fonksiyon test degerleri ve COVID-19 varligi parametrelerine odaklanmistir. Toplamda 16
meta-analiz yapilmistir. Tip bilimlerine katki saglamanin yaninda, COVID-19’un tiroit
bozuklart iizerine etkisi ile ilgili ¢alismalarin da giincel literatiirler ile birlikte kanit
diizeyini iyilestirmeyi amaglanmaktadir. Literatiir taramasinda PubMed ve Science Direct
arama motorlar1 kullanilmig olup toplamda 4260 makale taranmistir. Diglama kriterleri
sonrasinda toplamda 2829 birey ile 13 ¢alisma meta-analize dahil edilmistir. Istatistik
hesaplamalar yapilirken PRISMA 2020 kontrol listesi takip edilerek, RevMan ve MadCalc
yazilimlarindan yararlanilmistir. Yapilan meta-analizler ile tiroit bozuklugu olan bireylerin
COVID-19 seyirlerinin daha ciddi oldugu sonucuna varilmistir. Bu ¢alisma ile bir ¢ok
parametre kullanarak tiroit bozukluklari ve covidl9 iliskisi meta analizler ile ortaya

konularak konu hakkindaki ¢alismalarin kanit seviyesi artirilmaya calisilmistir.
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1. INTRODUCTION

Meta-analysis is a statistical technique, aimed to combine the findings of more than one

independent study conducted on a particular topic and having statistical analysis obtained

from the outputs. It is a process to interpret the variety among the outputs and to come up

with more reliable and accurate outputs. Also, the significance level of studies gets

increases. [1]

1.1.

OBJECTIVES OF META-ANALYSIS

There exist severel objectives to conduct a meta-analysis. Some of them served below [2,

3, 4]:

Due to meta-analysis combines the multiple studies, it expands the sample size of
studies that have been completed with small samples groups. As a result, it
increases the precision of the parameters. Also, the statistical significance level gets
increases.

It evaluates and observes the reasons of contradictoriness generated from the
scientific literature.

To discover the source of heterogeneity emerges among the studies.

To examine the changes that are not considered in the primary studies but are
assumed to have an effect.

Help to shape the future works.

According to the findings of the meta-analysis, new research topics can emerge for
future works.

Finding answers to questions that are not considered at the beginning of the study.
Increasing the effect size predictions.

To come up with decisions in terms of uncertainty when a contradiction occurs

among the outputs of independent studies.


https://tureng.com/tr/turkce-ingilizce/contradictoriness

1.2. HISTORY OF META-ANALYSIS

In 1904, one of the first meta-analysis was completed by Karl Pearson which focuses on
the effects of inoculation and typhoid fever. He used five datasets which are consisting of
2x2 tables and they include the infection rate of vaccinated and unvaccinated sample
groups. Then, from each table, he calculated the correlation between vaccination and
infection rate. Finally, in order to summarize the mode of the relationship, he calculated
the mean value of those correlations and used that value as the effect size of the treatment.
After comparing the value that he obtained with the effect size of the smallpox vaccine, he
came to conclusion that: vaccination for typhoid fever is ineffectual. Pearsons’ study

contains all the features that are needed for a successful meta-analysis. [5]

Until 1970’s meta-analysis generally applied on health sciences. After 1970’s due to
accessing to studies becoming easier, meta-analysis get popular [4]. Today, meta-analysis
can also be conducted on social, medical, education, phycology and biomedical sciences as

well. [5]

1.3. ADVANTAGES OF META-ANALYSIS

The amount of scientific research is increasing rapidly day by day. Independent studies
which are conducted on the same particular subject usually result in different conclusions.
To interpret these results, more reliable and more inclusive methods are needed. Meta-

analysis is one of the best technique to achieve this.

e [t is a time and energy-saving method because researchers complete a literature
review on just one particular topic.

e Helps to clarify the questions and the possible solutions to answer the questions.

e Serves independent studies in a holistic way and outputs obtained from studies can
be generalized.

e Helps to get rid of the inconsistency issues among different studies.

e Serves more systematic and well-planned approach, due to there exist some

mandatory steps to complete a meta-analysis.


https://tureng.com/tr/turkce-ingilizce/typhoid%20fever
https://tureng.com/tr/turkce-ingilizce/typhoid%20fever
https://dergipark.org.tr/en/download/article-file/144445
https://dergipark.org.tr/en/download/article-file/144445

According to Abramson (1994), the advantages of combining the multiple studies

which have been done in the same topic [6]:

e [f the individual studies have similar findings, it will increase the reliability of each
study.

e If the individual studies have been completed with small sample groups, it is
difficult to classify them as statistically significant. Since meta-analysis combines
the findings the multiple studies it is able to cope with that problem.

e Ifindividual studies resulted in different findings, meta-analysis tries to explain the
causes of the problems that make up this difference. As a result, meta-analysis

helps to explore new hypotheses and new findings.

1.4. DISADVANTAGES OF META-ANALYSIS

Despite the advantages of meta-analysis, on the other hand, there exist some disadvantages

of meta-analysis as well. [2, 3, 4]

e According to Glass’(2015) apples-oranges problem, he evaluated that oranges and
apples are compared in meta-analysis approach. He argued that it is not feasible to
come reasonable generalizations when applying different measuring techniques,
variable definitions and studying on not very similar topics. He emphasized that
there is no need to compare studies that are identical in all respects because they
will give very similar results. Just different studies should be compared or
synthesized. [7]

e Since there exist many publications related with the same research, this situation
leads to bias and reduces the reliability of meta-analysis.

e When performing a meta-analysis, using not similar studies or inclusion of
erroneous studies into the meta-analysis is possible.

e Bias in publications and including poor studies into the meta-analysis is another
pain point.

e (Combining/evaluating successful and poor studies into the same meta-analysis

leads to criticism.



e If studies are reviewed on a particular topic, it is examined that the majority of the
studies concluded as different results in terms of statistically. So, bias predictions

take place in meta-analysis.

1.5. STEPS OF META-ANALYSIS

There are eight mandatory steps to perform a meta-analysis. [5]

1. Identifying the problem

Determining the inclusion and exclusion criterias

Completing the literature review according to the inclusion criteria

Extracting, clustering and coding the studies in terms of methodology and outputs
Applying statistical techniques

Combining the outputs of the studies

e A A o R O

Establishing the relationship between the outputs of the studies and characteristics
of meta-analysis.

8. Re-reviewing, interpreting and presenting the results

1.6. HETEROGENEITY IN META-ANALYSIS

Each study included into the meta-analysis ended with different findings/effects size. It is
an expected case and it does not matter whether having difficulties or not, the key point is:
All those difficulties can be either ignored or not? In meta-analysis before including
combined studies into it, firstly heterogeneity among the studies should be reviewed. In

order to do that there exist statistical and graphical methods. [8]

If the confidence interval of the study’ outputs has minor intersect or have not intersect,
this case generally indicates that having heterogeneity and forest plot chart should be
reviewed. For determining the heterogeneity, the Q-statistics test is the most widely and
most commonly used one. Unfortunately, it is not capable to explain the factors causing the

heterogeneity.

Usually, the cause of heterogeneity among the studies is unexplainable, the random effects

model should be preferred. Explicitly, if heterogeneity exists random effects model if



heterogeneity does not exist fixed effect model should be used. After applying the random
effects model, in order to explain the cause of heterogeneity ANOVA or meta-regression

methods can be used. [9]

Some factors causes of heterogeneity are different working patterns, quality of work, bias

arising from the choice of study, other bias effects, usage of different statistical methods.

[9]
1.6.1. Testing the Heterogeneity

Q-Statistics

Q-statistics heterogeneity test is offered by Cochran in 1954. Known as Cochran’s Q
statistics. According to West, Gartlehnern and Manstield(2010), Cochran’s Q test provides
a method for testing for differences between three or more matched sets of frequencies or
proportions. Based on a chi-square distribution, it generates a probability that, when large,
indicates larger variation across studies rather than within-subjects within a study. A
limitation of Cochran’s Q test is that it might be underpowered when few studies have
been included or when event rates are low. Therefore, it is often recommended to adopt
a p-value (rather than 0.05) as a threshold for statistical significance when using Cochran’s
Q test to determine statistical heterogeneity. [10] The formula of Q-value is declered in

equation 1.1.[11]

k .0:
Q=Y w6 - 0)* where8is0 = ZZTJ—W" (1.1)

i=o Wi

Q-statistics is just useful to evaluate whether heterogeneity exists or not, it does not give
any information about the size of heterogeneity. By applying with chi-square distribution,

heterogeneity can be tested in meta-analysis studies. [12]
1.6.2. Heterogeneity Measures

Tau(t)? Statistics

1 statistics is one of the way to determine the amount of heterogeneity. It describes the

variance among the studies and obtained from Cochran’s Q statistics. Also, do not effect


https://www.ncbi.nlm.nih.gov/books/n/methresclinhet/abbreviations/def-item/abbreviations.gl1-d106/

by the sample size and amount of study included in the meta-analysis. There are different
methods to predict 1 in meta-analysis such as Der-Simoniasn Laird method, Hedges and
Olkin method, Malzahn and Bohning method etc. The most commonly used method is

Der-Simoniasn Laird. [11] Formula 1.2 shows the calculation of t2. [11]

. (Q —df)
= K 2
g DV (1.2)
=1 ' f:lWl

Then the variance among the studies will be like the following, k determines the number

of studies included into the meta-analysis, formula 1.3 can be applied. [11]

— (k-1
e . 0>k
=T - SR (1.3)
| 0, Q<(k-1

Since the value of 12 is not fit to the normal distribution, in order to determine 95 percent

confidence interval (CI) limits, formula 1.4 can be applied. [11]

cl = eO.S*ln(%)il.QG*B (1.4)

If Q-value is greater than the number of studies included into the meta-analysis (Q > k), B

value can be found by the formula 1.5. [11]

05 In(Q) —In(k — 1)

B =0. (1.5)
J20 - J(2k = 3)
If Q-value is equal to or less than the number of studies included into the meta-analysis (Q

<k) B value can be found by the formula 1.6. [11]

1
2(k—2) [1 - (3(k—£2)2)] (1.6)

If 72 is equal to zero, predicted variance among the studies can be ignored, in conclusion,

B =

studies are homogeneous. In this case, the results are same with fixed effect model. If 12 is
greater than zero, predicted variance among the studies can not be ignored, in conclusion,

studies are not homogeneous. [13]


http://abakus.inonu.edu.tr/xmlui/bitstream/handle/11616/11194/453838.pdf?sequence=1&isAllowed=y

H Statistics

H statistics is firstly offered by Higgins ve Thompson in 2002. Also, it is known as Birge’s

ratio. It is obtained from Cochran’s Q statistics and can be found by the formula 1.7 [13]:

Q
w=lz—7 >4 (1.7)
1, Q <df

H? value can be taken value between 1 and infinity. If the H value is equal to one, this
indicates that well homogeneity. 95 percent confidence interval can be found by the
formula 1.8 and evaluated by the formulas 1.9 and 1.10 [13]:

exp[In(H) £ 1.96 * SE(In(H))] (1.8)

Standard error for In(H), if Q > k:

SE(In(H)) = 0.5 * (ln(Q) — In(k - 1))

J20 —J(2k - 3) (1.9)
Standard error for In(H), if Q <k:
1 1
SE(In(H)) = Jz(k 5 (1 30 2)2) (1.10)

H value will cope with bias when less than eight studies are included into the meta-
analysis. The confidence interval of the H value should contain one value, otherwise,
heterogeneity will exist. Since the number of studies is less, the stability of the H value is
less. As a result, detecting the heterogeneity gets difficult. As the number of studies

increases, also the stability of the H value gets increases.
I2 Statistics

12 shows the ratio of the total variance related to the effect size and is used to measure the
heterogeneity in meta-analysis. Conversely to Cochran’s Q, the amount of studies does not
effect the I2. It takes the values between zero and one and is used to express heterogeneity
in terms of percentage. If I? is less than 25%, this inferred us low heterogeneity, if it is
between 25% and 50%, this inferred us moderate heterogeneity and over 50-75% inferred
us high heterogeneity [10]. I value can be found by the following formula 1.11 where df =
degrees of freedom [11]


http://abakus.inonu.edu.tr/xmlui/bitstream/handle/11616/11194/453838.pdf?sequence=1&isAllowed=y
http://abakus.inonu.edu.tr/xmlui/bitstream/handle/11616/11194/453838.pdf?sequence=1&isAllowed=y

12 = (Q_ df) * 100% (1.11)

Comparing the Measures of Heterogeneity

Q, p, 7%, H and 1? are the ways to measure heterogeneity. According to Borenstein (2011),
since all the indices are based on Q (in relation to df), it follows that all will be low (or
zero) if the total dispersion is low relative to the error within studies, and higher if the total
dispersion is high, relative to the error within studies. However, the various measures of
heterogeneity build on this core in different ways which make each useful for a specific
purpose. [11] Table 1.1 serves the factors effecting measures of dispersion for

heterogeneity measures.

Table 1.1. Factors effecting measures of dispersion

Range of Possible Values Depends on the Number of Studies Depends on Scale
Q 0<Q X
p 0<p<l X
T o<t X
H 1<H<ow X
I2 0% < 12<100%

1.7. STATISTICAL MODELS FOR META-ANALYSIS

After determining the studies which will be included into the meta-analysis, then, outputs
of the studies should be combined by using the statistical models. There exist two types of
statistical models for meta-analysis. Those are “fixed effects model” and “random effects
model”. Homogeneity and heterogeneity of the studies lead to determining the type of
model. [4] According to Spineli and Pandis (2020), the choice of the appropriate model for
the analysis is critical to ensure the credibility of the results and depends on both the goals

of the analysis and the assumptions of the models. [14]

In both models, the p-value is one of the fundamental terms and is used to determine
whether any explainable difference occurs or not between two variables or two groups. If
the p-value is less than 0.05, it indicates that there exists an explainable difference between
the variables or groups. In meta-analysis either having explainable difference or not among

the individual studies, it is interpreted by using the p-value. Less than 0.05 p-value



demonstrates that there are explainable difference that takes place and meta-analysis study

is heterogeneous. [2]

1.7.1. Fixed Effects Model

The fixed effects model assumes that all studies used for the meta-analysis share a
common effect size [11]. One of the limitations to combining those studies is: samples
sizes of them may be different from each other. This situation may indicate that also the
universes of the studies may be different. Fixed model supposes that studies that are
included into the meta-analysis have the same universe sizes and as a result, standard
deviations of them are equal to zero. If the universe sizes of the studies are not equal,
random effects model should be used and different standard deviations values from zero
should be assumed. [2] If the result of the heterogeneity test for individual studies is low,

then the fixed effects model can apply. [4]

1.7.2. Random Effects Model

Random effects model assumes that all studies which are included into meta-analysis have
different effect sizes. Because each study has been completed by different researchers in
different environments. So, they are heterogeneous. It is stated that the universe sizes of
the studies vary and their standard deviations are not equal to zero. The variance value
among the studies may be greater or lower than the expected variance value. If the
expected variance value is lower, most probably both fixed effects model and random

effects model will serve the same output. [4]

If the findings of the studies are desired to generalize fixed effects model should not be
prefered. Random effects model based on the idea: The actual effect size may vary among
the studies according to the age of attendees, education level, sample size etc. Thus, the

actual effect size is distributed according to an average. [2]
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1.8. TERMINOLOGY IN META-ANALYSIS

Effect size: “Itis a statistical concept that measures the strength of the relationship
between two variables on a numeric scale (“Effect Size”).” For example, if we weighted a
hundred women and men, then calculate the mean value for each gender. We will find that
men are fatter than women. Effect size is the difference between the weight of the men and
the weight of the women. If the difference between men and women weights’ are larger,
also the effect size will be high. “Statistic effect size helps us in determining if the
difference is real or if it is due to a change of factors (“Effect Size”).” Effect size is related
with multiple studies and combines them into a single analysis in meta-analysis. In studies,
effect size is used to determine how much the dependent variable has effect on the

independent variable. [15]

Effect size can be measured by using standardized mean difference, odds ratio and
correlation coefficient. The standardized mean difference is used when data are calculated
according to the mean value and standard deviation of the two groups. Odds ratio effect
size is used when data are calculated according to the results of binary groups such as
either having an event or not. Correlation coefficient effect size is used when data are

calculated by using the correlation value between two variables. [16]

If studies included into the meta-analysis uses different scales, combining the mean
standardized difference does not make any sense. In that case, effect size of each
independent study should be standardized. In order to do that standardized mean difference
is used as the effect size (Cohen's d or Hedges's g). Cohen's d and Hedges's g are the
coefficients that are used in meta-analysis to calculate the effect size. If sample sizes are
different or smaller than 20, then Hedges g gives more accurate values. [17] Despite, their
calculation formulas being different, their results are similar to each other. In small sample
groups, large Cohen’s d value causes bias. To eliminate this bias, Hedge’s changes
Cohen’s formula and then defines fair effect size which calls as Hedge’s g. [16] Formula

1.12 and 1.13 for both Cohen’s d and Hedge’s g are shown below:

Frest — X Nest— 1) sget (1 — 1)* 52
Cohen’s dl d _ Xtest control Spooled — \/( test ) test (Ncontrot ) control (112)
Spooled (Ntest+ Ncontrol)

Hedge’s g: d = Xtest — Xcontrol Spooled = \/(ntest_ D* sZost+ (eontrol= 1* SZonerot (1.13)

Spooled (Ntest+ Ncontroli— 2)


https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/effect-size/
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d = Effect size according to Cohen’s d
n = sample size

s = standart deviation

Spooled = total standart deviation

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 evaluated as small relative size, if the effect size is
between 0,5 and 0,8 evaluated as medium relative size and if the effect size is greater or

equal than 0,8 evaluated as large relative size. (table 1.2) [18]

Table 1.2. Standardized mean difference relative size

Relative Size Effect Size

Small 0,2 < effect size < 0,5
Medium 0,5 < effect size < 0,8

Large 0,8 < effect size

For correlation coefficient difference if the effect size is between 0,1 and 0,25 evaluated as
small relative size, if the effect size is between 0,25 and 0,4 evaluated as medium relative

size and if the effect size is greater or equal than 0,4 evaluated as large relative size. (table

1.3)

Table 1.3. Correlation coefficient relative size

Relative Size Effect Size

Small 0,1 <effect size < 0,25
Medium 0,25 < effect size < 0,4

Large 0,4 < effect size

Odds

It indicates the relationship between the probability of an event and the probability of non-
event. Calculated by dividing the probability of an event by the probability of non-event.
For example, when rolling a fair dice probability of having one is 1/6 and not having one is

5/6, so the odds value becomes (1/6)/(5/6) = 1/5.
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Odds ratio (OR)

It can be obtained by proportioning two different odds values. Defines the relationship
between exposure and outcome. “The odds ratio represents the odds that an outcome will
occur given a particular exposure, compared to the odds of the outcome occurring in the
absence of the exposure. ("Odds Ratio")” It can take values between zero and infinity. If
greater than one this means the increased occurrence of an event. If less than one this
means the decreased occurrence of an event. [19] An example of calculating the odds ratio

is shown in table 1.4 and formula 1.14:

Table 1.4. Odds ratio calculation

Case Group Control Group
Exposed A B
Unexposed C D

Odds that a case was exposed (A/C)  A*D
Odds that a control was exposed (B/D) B *C

Odds Ratio = (1.14)

Relative Risk Ratio (RR)

It is a risk measure used in studies. Healthy individuals who have similar characteristics
are divided into two groups: exposed to a factor and absence of exposure to a factor. Then
follow-up them until the factor to cause the disease. At the end of the follow-up period, the
incidence rate in the exposure group was proportioned to the absence of the exposure
group. The obtained value is the relative risk ratio. If it equals one then, the risk of having
an event is the same in both groups. If greater than one, risk of having an event in the
exposure group is greater than having in absence of exposure. If less than one, risk of
having an event in the exposure group is less than having in absence of exposure. [20] An

example of calculating relative risk ratio is shown in table 1.5. and formula 1.15:

Table 1.5. Relative risc ratio calculation

Case Group Control Group
Exposed A B
Unexposed C D
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Relative Risc Ratio = 4££ (1.15)

Correlation

Correlation is a statistical term, describes the strength of the relationship among two
variables and measured by the correlation coefficient. Most widely used measure is
Pearson’s correlation coefficient (r) also known as Pearson product-moment correlation. It
may take values between -1 to 1. Positive values describes if a variable increases, the other
variable tends to increase as well or if a variable decreases, the other variable tends to
decrease as well. Negative values describes if a variable is increases, the other variable
tends to decrease or if a variable is decreases, the other variables tends to increase. Values
near to -1 or 1 means strong linear association and value near to zero means low
association. Pearson’s correlation coefficient is only able to interpret when linear
association take place among two variables. If variables are correleated with a more

complex relationship, it may interpret as no correlation. [21]

Correlation coefficients values between =1 and +0.9 evaluated as very high correlation,
between +0.9 and +0.7 evaluated as high correlation, between +0.7 and 0.5 evaluated as

moderate correlation, between +£0.5 and +0.3 evaluated as low correlation. [22]

Formula 1.16 is used to calculate Pearson’s correlation coefficient (r), where n is the

number of observations, X and Y are the variables.

(X XY)— (EX)+ X(¥)))
Tr =
Jx Y (XD =3 (X)) (n+ 2 (Y2)— X(Y)2) (1.16)

1.9. PUBLICATION BIAS IN META-ANALYSIS

Beyond the heterogeneity, bias is another serious problem that emerges in meta-analysis.
In order to put forward a successful meta-analysis, clarifying no bias in the publication is
one of the key points. One of the reasons behind this problem comes from combining the
independent studies. Including low success or including/excluding some special studies
into the meta-analysis, resulting in bias and error in outputs of the meta-analysis. Another
reason is using multiple findings obtained from the same study. Moreover to meta-analysis,

bias can also take place in individual studies as well. [23] Shapiro states that to cope with
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bias in non-experimental studies some researchers assign quality weight to each study. [24,
25] According to Petitti, totally eliminating the bias is not feasible but it is great to identify

variety and inconsistency among the studies [25].

The accessibility of the research outputs’ does not only depend that either study have been
published or not, also depends on where, when and how they were created. The proposed
methods include extensive research for related studies also graphical and statistical
methods to prevent publication bias. [26] For demonstrating the publication bias in meta-
analysis: the funnel plot, rank correlation test and linear regression test are executed

widely. Also, Rosenthal’s FSN, Orwin’s FSN and Duval and Tweedie’s trim fill methods
may apply. [13]

1.9.1. Significance Methods for Publication Bias in Meta-Analysis

Funnel Graph

A funnel graph is a scatter plot that describes the predicted effect size in each study versus
each unit of the sample size of the studies. Mostly, the x-axis determines effect size and the
y-axis determines the standard error, precision, sample size or variance. Outputs obtained
from studies that have been conducted with a small sample size, the data will widely
spread at the base of the graph. Despite that, outputs obtained from studies which have
been conducted with a large sample size, the data will tightly spread at the top of the graph.
All in all, if the view of the graph is like a symmetric funnel, it indicates that there is not

any bias in the study. Bias is not the only reason for asymmetry in the graph. [2]
Rank Correlation Test (Begg Test)

Rank correlation test was defined by Begg ve Mazumdar in 1994. Also known as the Begg
test. Publication bias causes a relationship between predicted effect size and standard
errors of those predicted effect size. It observes the relation between standardized effect
and its variances based on Kendal tau. Since rank correlation test is not powerful, it does
not guarantee to identify publication bias. For k-times study standardized effect size can be

found by the formula 1.17, 1.18, 1.19, 1.20, 1.21: [13, 27]

T* _ Ti—T

= s (1.17)
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k -1
Yi—qvar; “T;

T = e (1.18)

Ti and vi shows the i study's effect size and sample variance, ¥; shows the variance of

standardized effect size for i study:
B k
var; = Var(T; — T) = var; — (z var; )71 (1.19)
i=1

t (1.20)

Jvar(t)

7 =

t: Kendall’ tau coefficient
var(t): sample variance of Kendall’ tau coefficient

z: the value of standard normal distribution

P-Q
\/k(k — 1)(2k + 5) (1.21)

18

P: number of the sorted couples in the same rank
Q: number of the sorted couples in the opposite rank
k: number of studies

Then, the value obtained should be compared with the standard normal distribution table

value. [13, 27]
Linear Regression (Egger) Test

Linear regression test was defined by Egger in 1997. Also known as the Egger test. Aimed
to test asymmetry in funnel graph. A regression line equation is produced. Independent
variable is emerged by taking the inverse of studies’ standard deviation overview over
multiplication. The dependent variable has emerged from Egger’ standardized effect size.
If the intersection point of the regression line and the y-axis is near zero, bias does not
exist. The regression equation that obtains from least square method is Y = a + bX. “a”

variable is for asymmetry measure and if it is equal to zero then, there exists no bias. [13]
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1.10. GRAPHICAL METHODS IN META-ANALYSIS

While observing the heterogeneity among the studies, in addition to heterogeneity
measures also, graphical methods are available. Forest plot, L’Abble plot and radial plot
are some examples of it. Graphical methods provide us to serve outputs of studies’ with
their confidence intervals, statistical significance and help us to make decisions about

predictions which have been conducted in the studies. [3]
Forest Plot

The first usage of forest plot emerges in 1970s by Freiman et al. He showed the results of
studies by using horizontal lines, included with confidence intervals. But it is not a meta-
analysis because, for each study, results were served separately. In 1982, Lewis and Ellis

found a similar plot to Freiman’, but for meta-anaylsis which presents an overall effect on

it. [28]

Forest plot is the most commonly used graph type in the meta-analysis. It describes the
differences in effect size obtained from the individual studies. Includes effects size
predictions, its’ 95 percent confidence intervals and odds ratio. The variability among the
predictions represents the heterogeneity. The y-axis is reserved for individual studies that
are included into the meta-analysis and the x-axis is reserved for logarithmic values of

odds ratio or risk ratio. [3, 13]

Following figure 1.1. is an example forest plot. Diamond symbol in the forest plot is the
estimated effect size and its’ width refers the precision of the estimate. For each study
square symbol refers the weight of the study. Bigger squares means higher weight and the

line refers the 95% CI for lower/upper limits.
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Study Weight (St
Observed Study udy Weight (Square)

Effect Size Study Confidence Interval (Line)
95%-Cl Weight
Study Name Effect Size
Study 1 T 0.18 [-0.05; 0.41] 22.1% Data
Study 2 e 0.28 [-0.05;0.61] 13.8%
Study 3 T 0.35 [-0.03;0.74] 10.9%
Study 4 — 0.42 [0.14;0.71] 171%
Study 5 —_— 0.53 [0.12,0.94] 9.7%
Study 6 ———— 0.63 [0.25;1.01] 10.9%
Study 7 ———=%— 0.71 [0.20;1.22] 6.8%
Study 8 — % 0.72 [0.28;1.17] 8.7%
Pooled Effect e 0.42 [0.28;0.56] 100.0%
1
0 0.5 1

Pooled Effect (Diamond)

Figure 1.1. Example forest plot [29]
L’Abble Plot

Firstly served in 1987 by Labbe and his friends. L’ Abble plot is generated when the result
variable is in binary form. Plotted by using the risk measurements of case and control
groups. If points are close to the line, included works into the meta-analysis are
homogeneous. On the other hand, scattering or large deviations draw attention to

heterogeneity. [2,3]

Point size in the graph is related with the weight of that particular study. The points below
the line show that the effect size value on the treatment group is higher than the effect size
value on the control group, therefore new treatment is less effective than the standard
treatment. When the control group and treatment group is compared, the points above the

line shows the effectiveness of the new treatment. [2,3]
Radial Plot

The radial plot is a scatter plot, firstly served by Galbraith. Also, known as Galbraith radial
graph, Galbraith graph. It is generated by dividing the outputs obtained from each study

In(odds ratio)

into the square root of variance (
standart error

) versus the inverse of the standard error. X-

axis reserved for inverse of the standard error ( ) and y-axis is reserved for

1
Jvar(T;)

standardized effect size ( ), known as z-statistic. In meta-analysis low weighted and

T
Jvar(Ty)
high standard error points are located closer to the y-axis. Also, a non-weighted regression

line is drawn. If the point is inside the 95 percent confidence interval area, the studies
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included into the meta-analysis are homogeneous; outside the 95 percent confidence

interval area, the studies included into the meta-analysis are heterogeneous. [3]

COVID-19 is a disease, caused by a virus named SARS-CoV-2 and was firstly reported in
December 2019 in Wuhan, China. [30] It has some impacts on many systems in the human
body and thyroid is just one of them. Since, it holds a critical role to regulate numerous
metabolic processes throughout the body, a few changes in it, may have affect on whole
human body. The aim of this meta-analysis was to focus on the effects of COVID-19 on

thyroid disorders.

1.11. THYROID

Thyroid is an endocrine gland, situated inferior to the trachea, anterior of the lower neck,
below the Adam’s apple -called prominentia laryngea in health sciences- and larynx. The
shape of it looks like U or H letters and butterfly-shaped. Just weighted 10-15 grams.
Contains left and right lobes, each lobe is heightened 4 cm and weighted 2 cm. Isthmus is a
narrow tissue that connects the lobes. By swalling it moves up and down. Carotid arters are
located on both sides of the thyroid gland. [31] Anatomy of the thyroid gland is shown in
the figure 1.2. [31]
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Figure 1.2. Anathomy of thyroid gland [31]


https://www.britannica.com/science/neck-anatomy

19

Both lobes contain follicles, those are little globular sacs and follicles contains follicular
cells, that are full with a fluid called colloid. This fluid consists of
prohormone thyroglobulin. Those cells have some enzymes in order to produce

thyroglobulin also, to secrete thyroid hormone from thyroglobulin. [31]
Functionalities and Hormones of the Thyroid Gland

Despite the small size, the functionality of thyroid gland is very vital for the human body
and has effects on many activities that occur in the body. Responsible for controlling and
releasing hormones which control the metabolism. “When thyroid hormones are needed,
thyroglobulin is reabsorbed from the colloid in the follicular lumen into the cells, where it
is split into its component parts, including the two thyroid hormones thyroxine (T4)
and triiodothyronine (T3)” (“thyroid gland”) [31]. Those hormones are transferred by the
blood and stimulate the related organ or system. When they are passed to the blood, 99
percent of them are carried by binding to the carrier proteins which is known as thyroxine-
binding globulin (TBG). To observe the effects of the hormones on the tissues, they should
be in the free form. But just one percent of the whole hormones in the body are in free

form. [32]

Since the thyroid gland works properly, it will secrete sufficient amount of hormone, then
metabolism rate will stay fine. Thyroxine is more secreted and produced rather than
tritodothyronine by the thyroid gland. Moreover, in many tissues thyroxine hormone can
be converted into the triiodothyronine with the support of deiodinases enzyme.
Deiodinases enzyme removes one out of four iodine atoms from the thyroxine when it
enters the cell. As a result, three iodine atoms remains and triiodothyronine emerges. 80

percent of triiodothyronine is produced from thyroxine by the deiodination process. [31]

Beyond regulating the glucose, lipid and protein metabolism; thyroid hormones are also
crucial for working the immune system, regulating the heart rate, regulating the body
temperature, brain-intelligence development in fetus and newborn babies, raising and

development of children. [33]

Production, secretion and storing functions of T3 and T4 thyroid hormones is controlled by
the thyroid-stimulating hormone (TSH). It is secreted from pituitary gland which is located
in the brain. TSH is controlled by the thyrotropin-releasing hormone (TRH). It is secreted

from the hypothalamus which is located in the brain. Insufficient secretion of thyroid
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hormones slows down body functions and surplus secretion of thyroid hormones
accelerates the body functions. T3 and T4 are both attached to a protein, but free T3 (FT3)
and free T4 (FT4) is not attached to anything. It is the form of hormones which is

circulating in the blood.

1.11.1. Thyroid Disorders

Thyrotoxicosis and Hyperthyroidism

Thyrotoxicosis is a case because of the excessive amount of thyroid hormone and any

cause may lead to it [34]. Therefore hyperthyroidism is a subset of thyrotoxicosis [35].

Hyperthyroidism is known as overactive thyroid. Excessive production of thyroid hormone
has resulted in hyperthyroidism. The prevalence of it is about 2 percent among females and
0.2 percent among males [36]. Too much thyroxine hormone may cause Graves' disease,
Plummer's disease and thyroiditis [37]. Increased body metabolism rate and organ
activities occur. Its’ symptoms are unintentional weight loss, tachycardia, arrhythmia,
palpitations, increased appetite, nervousness, anxiety, irritability, tremor, sweating,
menstrual changes, sensitivity to heat, diarrhea, goiter, fatigue, tiredness, muscle weakness,
sleeping difficulties, skin thinning and brittle-fine hair [37]. There exist some treatment
methods to cope with hyperthyroidism. Hormone production can be slowed down by
applying anti-thyroid medications. Then, radioactive iodine treatment will apply for
definite treatment. In some cases, surgery may be needed to remove the thyroid gland
partially or totally [38]. Hyperthyroidism may lead to some complications such as heart

problems, brittle bones, eye problems, red-swollen skin and thyrotoxic crisis [37].

Thyroiditis

Thyroiditis is a kind of inflammation occurs in the thyroid gland [39]. Inflammation may
resulted as leakage of excess thyroid hormone stored in the thyroid gland into the body
[37]. Diagnosed by laboratory blood tests, ultrasonographic-radionuclide imaging and
biopsy. Thyroiditis can be examined into two categories: painful and painless. Subacute
painful, sporadic painless and acute infectious thyroiditis are types of it. Subacute painful

and sporadic painless disorders are known as destruction-induced thyroiditis. The reason
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behind the destruction-induced is viral or immune-based attack then, releasing the
previously produced hormone into the blood. Destructive attack may lead to pain in

subacute thyroiditis but postpartum and sporadic thyroiditis is usually painless. [40]

In 1895 subacute thyroiditis was firstly proposed by Mygind. He reported 18 cases.
However, in 1904 the pathology of it was firstly proposed by Fritz de Quervain. Subacute
thyroiditis is the most widespread reason for painful thyroid. Also, consists 5 percent of all

clinical thyroid disorders. [40]

Specific etiology is unknown but a viral etiology or upper respiratory infection may
prodrome to it. Moreover, genetic and autoimmune etiologies are suggested. Triggering the
immune system by drugs and vaccines may also have effect on the development of the

subacute thyroiditis. [40]

Each year 12.1 cases are diagnosed per 100 thousand people. Incidence is 5 times more in
females than males [40]. Usually, pregnant women and children are not affected. Goiter is
painful and transient. Inflammation is predominant in left, right or in both lobes.
Symptoms are fever, malaise, myalgies and fatique. Initially sudden or gradual pain take
place region of thyroid. Pain involves in both lobes and it is constant. In some rare cases, it
affects just a particular lobe. Neck pain may confuse with a sore throat. But actually, the
pain is in the neck not in the pharynx. It increases by swalling or turning the head. In

addition, pain may also be perceived on the chest. [40]

Thyroid antibodies are low titer or absent but it is transient. Thyroglobulin and thyroid
peroxidase antibody amounts are generally normal in the blood. Relapse rate is rare.
Thyrotoxicosis may be followed by hypothyroidism and the probability of having
permanent hypothyroidism is about 5-15 percent. [40] Diagnosed by sedimentation,
thyroid function blood tests and radioactive iodine uptake. Thyroid functions turn back to

normal in 12-18 months. [40]
Hypothyroidism

Hypothyroidism is known as underactive thyroid. Insufficient production of thyroxine and
triiodothyronine hormones are resulted as hypothyroidism. Then, the pituitary gland will

increase the TSH secretion. Despite the TSH amount is high, T3 and T4 hormone levels
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are low in the blood. Thyroid surgery, radiation therapy, hyperthyroidism treatment,
autoimmune diseases, congenital diseases, pituitary disorders, pregnancy, iodine deficiency
and some medications may lead to hypothyroidism. [41] Decreased body metabolism rate
and organ activities occur. Its’ symptoms are fatigue, increased sensitivity to cold,
constipation, dry skin, weight gain, puffy face, hoarseness, muscle weakness, elevated
blood cholesterol level, muscle aches-tenderness-tiffness, joint pain-stiffness-swelling,
heavier than normal or irregular menstrual periods, slowed heart rate, depression, impaired
memory, goiter and fine hair. [42] For treatment, different medications are applied
according to the cause of hypothyroidism. Hypothyroidism may lead to some
complications such as goiter, heart problems, slowed mental functioning, peripheral

neuropathy, myxedema, infertility and birth defects. [42]

1.12. COVID-19

COVID-19 is a disease, caused by SARS-CoV-2 virus and was firstly reported in
December 2019 in Wuhan, China [30]. World Health Organisation China Country office
declared pneumonia cases of unknown cause. In January 2021 noticed that a new
coronavirus causes that disease and was early named as 2019-nCoV. After a while called
as COVID-19. Despite the other pandemics in recent years around the world; it spread
faster and more fatal. Just in three months spread all around the world. On March 12, 2020,
epidemic was announced as a pandemic. [43] SARS-CoV-2 is member of coronavirus
family which causes respiratory disease and diagnosed by applying a laboratory test. Other
instances of coronavirus family are severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) [44]. Until January 27, 2022 there exist 360.578.392
confirmed cases and 5.620.865 confirmed deaths [45].

SARS-CoV-2 virus enters the body from nose, mouth and eyes. It transmitted by the
airbone droplets and infect a human by inhaling the droplets spread by coughing, sneezing,
breathing and talking [44]. Also, by touching to contaminated surfaces by the virus then,
taking the hands to nose, mouth and eyes [46]. When virus enters the body, it passes
through the nasal channels and mucous membrane located in the back of the throat. Later,
it binds the cells and begins to multiply itself. Firstly, travels through the lungs tissue then,

spread to other tissues as well [44].
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The most common symptoms are cough, fever and shortness of breath. Other common
symptoms are loss of taste or smell, tiredness, body/muscle aches, congestion/runny nose,
sore throat, headaches, diarrhea, vomiting/nausea. Children and adults have similar
symptoms but usually milder in children. After virus enters the body, symptoms may
appear within two to fourteen days [44]. In order to relieve/reduce the symptoms take pain

killers, have rest and increase fluid intake.

Treatment of COVID-19 may be provided by several methods such as using drugs,
monoclonal antibody medication and plasma therapy. U.S. Food and Drug Administration
(FDA) approved the usage of the drugs remdesivir (Veklury), Paxlovid, molnupiravir and
baricitinib (Olumiant) to treat COVID-19 cases [47]

The higher risk group affected by the COVID-19 are ageing over sixty, having serious
chronic medical conditions, heart disease, hypertension, diabetes, chronic respiratory

disease, cancer, being a healthcare employee etc [46].

1.13. THYROID AND COVID-19 RELATION

Thyroid hormones have a critical role in innate immune response regulation. Excessive or
fewer amounts of thyroid hormones may lead to innate immune response dysregulation.
According to Hariyanto’s (2020) meta-analysis study, innate immune responses were
thought to be contributed the most to the pathogenesis of COVID-19 as it is the front lines
of the body defence system to fight against SARS-CoV-2 virus. Any dysregulation in
innate immune response exhibited by increase in CD14+ monocytes, macrophages,
neutrophil and decrease in natural killer (NK) cells level and increased levels of
complement was associated with more severe COVID-19 disease. Moreover, an increase in
levels of IL-6 and TNF-a —those are the proinflammatory cytokines- was observed in
thyroid-disordered individuals. Those cytokines also exist in severe COVID-19 patients.
Treatment of some thyroid diseases, corticosteroids are used as medications. But
corticosteroid treatment was associated with longer hospitalization stays and higher

mortality rates caused by COVID-19. [48]

Accroding to Trimboli (2021), existing of receptor for SARS-CoV-2 entry in thyroid cells

has been proven. Also, “have several clues that SARS-CoV-2 can have effects on the
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thyroid gland. High levels of expression of ACE2 receptor and transmembrane protease
serine 2 have been found in thyroid cells, abnormal immune responses and cytokine storm

associated to COVID-19 may induce thyroid gland inflammation.” [49]
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2. METHODOLOGY

As mentioned in the introduction chapter there exist 8 steps in order to conduct a meta-
analysis. The methodology chapter will serve the first 4 steps. These are identifying the
problem; determining the inclusion and exclusion criteria; completing the literature review
according to the inclusion criteria; extracting, clustering and coding the studies in terms of

methodology and outputs steps.

2.1. IDENTIFYING THE PROBLEM

For treatment and prevention from COVID-19, lots of studies have been done. Also, to
observe the relationship between COVID-19 and some other diseases. During the
pandemic, thyroid disorders get increased, and those disorders are usually interpreted as

autoimmune mechanisms.

Thyroid disorders are conditions that affect the thyroid gland. The thyroid gland has a
critical role to regulate numerous metabolic processes throughout the body. Different types
of thyroid disorders affect either its’ structure or function. The thyroid gland produces
hormones that help control many vital functions of the body. When it is not working
properly, it may have an impact on the entire body. If the body makes too much or too little

thyroid hormone, there can be serious conditions that need to be treated.

Due to the limitations in terms of time, some studies have been done with insufficient or
unbalanced sample groups, populations, demographic structures etc. Resulted as lower
reliability level. Meta-analysis is one of the best techniques to come up with higher
evidence levels. It combines the results of multiple scientific studies and generates outputs

from previous studies by using statistical analysis.

2.2. INCLUSION AND EXCLUSION CRITERIA

As it is served in the previous section there exist some advantages to sum up similar
outcomed multiple studies which have been done on the same topic. For instance,

increased reliability level and increased sample size to classify the studies either
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statistically significant or not. In order to extract similar outcomed studies after having the
literature review, there should be some criteria. Those criterias are aimed to minimize the
differences among the studies and provide combining the findings effortlessly. [50] The
criterias which have to be in a study -added into the meta-analysis- defined as inclusion

criteria. For this work inclusion criterias identified as followings:

e Published in the English language.

e Published after January 1, 2019. Since, the COVID-19 pandemic spread out in
2019.

e Sample groups should not have known thyroid dysfunction before.

e Blood test results for thyroid function tests (TFT) with median, mean, standard
deviation or interquartile range (IQR) values.

e More than one severity classification for the COVID-19 patients.

e The category of the study should be retrospective cohort, prospective cohort, cross-

sectional or clinical trial.

As well as the inclusion criteria there should be some exclusion criterias if the studies do
not meet the aim of the meta-analysis subject or do not contain statistical data etc. The
reason of exclusion for each reviewed study is explained in the literature review section.

For this work exclusion criterias identified as followings:

e The age of the sample groups should be greater than 18.

e Pregnant sample groups.

e Only male or female sample groups.

e Review, case report, meta-analysis, editorial, follow-up studies.

e No existence of full-text study.

2.3. LITERATURE REVIEW

After determining the inclusion and exclusion criterias the next step for a meta-analysis is
the literature review. Since it is based on the outputs of previous works, a systematic
search should be conducted. A literature review was completed on PubMed [51] and
Science Direct [52] databases. Those are the free search engines which are especially for

science and biomedical studies.
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Aiming to discover similar resulted studies, a literature review should be done after
identifying some keywords. For this study key words are "hypothyroidism",
"hyperthyroidism”, "thyroiditis", "subacute thyroiditis”, "autoimmune thyroiditis",
"hyperthyroxinemia", "T3", "T4", "TSH", "COVID-19", "SARS-CoV-2", "coronavirus
disease 2019", "mortality", "ICU admission". Both PubMed and Science Direct search
engines are able to accept boolean operators (or, and, not) between the keywords. By using
the keywords and boolean expressions one or more search queries should be prepared, then
executed. PubMed accepts unlimited number of boolean operators, despite that the

maximum number of boolean operators in Science Direct is 9.

Regarding to keywords, the search query for the literature review in PubMed is determined
as (("hypothyroidism"[Mesh] OR "hyperthyroidism"[Mesh] OR "thyroiditis" OR "subacute
thyroiditis" OR "autoimmune thyroiditis" OR "hyperthyroxinemia" OR "T3" OR "T4" OR
"TSH") AND ("COVID-19"[Mesh] OR "SARS-CoV-2" OR "COVID-19" OR
"coronavirus disease 2019" OR "mortality" OR "ICU admission")). MeSH (Medical

Subject Headings) is a term using for indexing the articles in PubMed.

The query was executed on April 9, 2022. Search is filtered as published in 2019 or after,
English language restricted, abstract, and free full-text availability. After applying those
filters 1174 studies exists in the search result. Then the result was exported in CSV format
into an Excel sheet with PMID, title, author, citation, first author name, journal/book,

publication year/date, PMCID and DOI number.

3-phased review procedure was applied on the studies. All studies were reviewed by two
examiners. The first phase was reviewed regarding to the title and study design (meta-
analysis, review, editorial, case report etc.) category declared in the PubMed. Table 2.1
presents the number of studies for each category. 1126 studies were excluded because of

the unrelated subject or inappropriate study design.

60 of them are related with COVID-19 vaccine, 20 of them are meta-analysis, 267 of them
are related with cancer, 502 of them do not contain any word ending with “19” or starting
with “sars”, 190 of them do not contain any word started with “thyro” or “endo”, 53 of
them is review, 2 of them is editorial, 31 of them is case report and 1 of them is follow-up

studies.
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Table 2.1. Categorization of studies from PubMed according to title of the studies

Category Frequency
Related with COVID-19 vaccine 60
Meta-analysis study 20
Related with cancer 267
not contain *19 or SARS* words 502
not contain thyro* or endo* words 190
Review study 53
Editorial study 2
Case report study 31
Follow-up study 1

In the second phase, the abstracts of the remaining 48 studies are read. Table 2.2 presents
the number of studies for each category. 32 study was excluded because of inappropriate
sample group/study design, already having thyroid disorders or do not stating the exclusion
of thyroid disordered patients. 2 of them is not classified as case report in the PubMed but
the sample size is less than 5 patients, so marked as a case report. Similar to that case 1 of
them is review and 2 of them is follow-up study. Seventeen of them having thyroid
dysfunction is not declared as exclusion criteria, 5 of them were conducted on child,
pregnant or only male/female sample groups and 5 of them does not give two or more

COVID-19 severity.

Table 2.2. Categorization of studies from PubMed according to abstract of the studies

Category Frequency
Case report 2
Review study 1
Follow-up study 2
Not exclusion of known thyroid disorders 17
Inappropriate sample group 5
Severity of COVID-19 not given 5

In the third phase, full-text of the remaining 16 studies are read. 4 of them were excluded
since the severity of COVID-19 is not given. After 3-phased review, the remaining 12

studies included into the meta-analysis.
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Table 2.3. Categorization of studies from PubMed according to full-text of the studies

Category Frequency

Severity of COVID-19 not given 4

Regarding to keywords, search query for the literature review in Science Direct is divided
into 3 subqueries. Because it is able to accept maximum 9 boolean operators. Queries are
prepared with the same meaning logic with the PubMed. First query is
(("hypothyroidism"[Mesh] OR "hyperthyroidism"[Mesh] OR "thyroiditis”) AND
("COVID-19"[Mesh] OR "SARS-CoV-2" OR "COVID-19" OR "coronavirus disease
2019" OR "mortality" OR "icu admission")). Second query is (("subacute thyroiditis" OR
"autoimmune thyroiditis" OR "hyperthyroxinemia) AND ("COVID-19"[Mesh] OR
"SARS-CoV-2" OR "COVID-19" OR "coronavirus disease 2019" OR "mortality" OR
"ICU admission")). Third query is (("T3" OR "T4" OR "TSH") AND ("COVID-19"[Mesh]
OR "SARS-CoV-2" OR "COVID-19" OR "coronavirus disease 2019" OR "mortality" OR
"ICU admission"))

The query was executed on May 3, 2022. Search is filtered as published in 2019 or after.
English language restriction and full-text availability can not be applied as filter before the
search, so after exporting the results they are excluded. Consecutively 1036, 122, 1928 (in
total 3086) studies take place as the results in queries. The results were exported to
“Mendeley Reference Manager”, then converted to xml format and get into an Excel sheet
with source type, title, year, standard number, pages, journal name, volume, issue, first

author name and URL.

Same as PubMed 3-phased review procedure was applied on to the studies. All studies
were reviewed by two examiners. In the first phase reviewed regarding to duplicates from
PubMed, duplicate with any of the Science Direct queries, title, study design and language.
Table 2.4 presents the number of studies for each category. 3064 studies were excluded

because of duplicate, inappropriate study designs.

354 of them is duplicate with any other query in Science Direct, 50 of them is duplicate
with PubMed query, 210 of them is related with COVID-19 vaccine, 20 of them is meta-
analysis, 135 of them is related with cancer, 1098 of them does not contain any word

ending with “19” or starting with “sars”, 1025 of them does not contain any word started
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with “thyro” or “endo”, 150 of them is review, 8 of them is case report, 8 of them is

conference abstract and 6 of them is not published in English.

Table 2.4. Categorization of studies from Science Direct according to title of the studies

Category Frequency
Duplicate with other Science Direct 354
Duplicate with PubMed 50
Related with COVID-19 vaccine 210
Meta-analysis study 20
Related with cancer 135
not contain *19 or SARS* words 1098
not contain thyro* or endo* words 1025
Review study 150
Case report study 8
Conference abstract 8
Not English 6

In the second phase, the abstracts of the remaining 22 studies are read. Table 2.5 presents
the number of studies for each category. Eighteen study was excluded because of
inappropriate study design and unrelated subject. Three of them is not classified as case
report in Science Direct but the sample size is 1 patient, so marked as a case report. Four of
them is review study but it is not stated in the title so, they are screened. Similar to that
case 1 of them is meta-analysis. Ten of them are about other subjects about thyroid

disorders.

Table 2.5. Categorization of studies from Science Direct according to abstract of the

studies
Category Frequency
Case report study 3
Review study 4
Meta-analysis study 1
Unrelated subject 10

In the third phase, full-text of the remaining 4 studies are read. 2 of them were excluded
since thyroid function test (TFT) is not given and 1 of them is a follow-up study. After 3-

phased reviewed, the remaining one study included into the meta-analysis.
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Table 2.6. Categorization of studies from Science Direct according to full-text of the

studies
Category Frequency
Severity of COVID-19 not given 2
Follow-up study 1

All in all, 12 studies from PubMed and 1 study from Science Direct —total 13 studies-
search engines are meet the inclusion criteria then, included into the meta-analysis. Data
collection procedures explained until here, are summarised in the following flowchart
(Figure 2.1). Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) ckecklist steps are followed.

Initial search:
PubMed -» 1174; Science Direct -= 3086

3 [ Duplicates excluded (h=404) ]

[ Title and abstractscreend (n = 3856) ]

? [ Excluding 3836 irrelevant studies ]

[ Eelevant articles ir;cluded for full text ]
review (n=20)

X Exzcluding 7 articles based on
exclusion critenia

[ Eelevant studies 1.nc1uded for data ]
extraction (n = 13)

[ Eligible for meta-analysis (n=13) ]

[MEta—Anaysis] [ The Eeview ][ The Screening ] [ The Search ]

Figure 2.1. PRISMA flow-chart

Table 2.7 shows the included studies into the meta-analysis with the first author, article

name, year, and database information.
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Article Article Name First Author Publication Database
Number Year

Thyroid Hormone Profile and Its Prognostic Seo Youn

1 Impact on the Coronavirus Disease 2019 in & 2021 PubMed

. Sohn

Korean Patients [53]
Thyroid hormone concentrations in severely .

2 oreritically ill patients with COVID-19 [54] Weibo Gao 2020 PubMed
Thyroid hormone alterations in critically and Dimitra Arevro

3 non-critically ill patients with SARS-CoV-2 Arey 2021 PubMed
. . Vassiliadi
infection [55]

5 Thyroid functlon ana1y51s' in COVID-19: A Jahanzeb Malik 2021 PubMed
retrospective study from a single center [56]
Thyroid Dysfunction in Relation to Immune . .

6 Profile, Disease Status, and Outcome in 191 DaVIdL];ﬁk Wai 2020 PubMed
Patients with COVID-19 [57]

7 Thyroid dysfunction in COVID-19 patients [58] R. Baldelli 2021 PubMed
The Prognostic Role of Metabolic and Shokoufeh

8 Endocrine Parameters for the Clinical Severity Bonakdaran 2022 PubMed
of COVID-19 [59]
The prognostic impact of thyroid disorders on

9 the clinical severity of COVID-19: Results of Mehmet Giiven 2021 PubMed
single-centre pandemic hospital [60]
The Association of Thyroid Hormone Changes Cevda Dincer

12 with Inflammatory Status and Prognosis in yYazan 2021 PubMed
COVID-19 [61]
Role of non-thyroidal illness syndrome in

13 prqdmtlng adverge outcomes  in COVID-19  David Tgk Wai 2021 PubMed
patients predominantly of mild-tomoderate Lui
severity [62]
Thyroid Function Test in COVID-19 Patients: A

14 Cross-Sectional Study in a Tertiary Care Kaushik Sen 2021 PubMed
Hospital [63]
Analysis of thyroid function in Japanese Sachiko

15 patients with coronavirus disease 2019 [64] Nakamura 2021 PubMed
Thyroid Function Abnormalities in COVID-19 . Science

20 Patients [65] Weibin Wang 2021 Direct
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2.3.1. Extracting, Clustering and Coding the Studies

The fourth step in order to conduct a meta-analysis is extracting, clustering and coding the
studies which are assessed from the literature review. Table 2.8 presents the study design,
country, intervention group sample size, control group sample size, age with mean +
standard deviation and male ratio among the 13 selected studies. In summary, the most
used study design is cohort (76.92%), most of the observations take place in China
(30.77%) with 1640 patients, average sample size is 217.6 patients, average age is 58.73
with the standard deviation 15.63 and 58.79% of the patients are male. In total, 2829

individuals were conducted into the meta-analysis.

Table 2.8. Selected articles overall details

Article Intervention Control Age
3 [1)
Number Study Design  Country Group.Sample Group.Sample (mean + SD) Male (%)
Size Size

! Re@ipcctive gggpouth 119 N/A 643+ 16.8 52.1
cohort Korea

2 prorospecliSF ol 100 N/A 62.59 + 14.01 50
cohort

3 Prospective 5 oo e 102 94 59.3+18.3 66.3
cohort

5 Retrospective 4 ician 48 28 56.1+16.4 60.53
cohort

6 Prospective China 191 N/A 53.5+17.2 51.8
cohort

7 Retrospective 46 20 59.6 % 14.55 69.56
cohort

8 Cross-sectional Iran 70 N/A 61.0+15.3 55.7

9 Prospective 1 oy 250 N/A 66.6 +17.9 63
cohort

12 N/A Turkey 205 N/A 57.45+13.29 55.12

13 Prospective China 367 N/A 52.25 +20.09 46.9
cohort

14 Cross-sectional India 60 N/A N/A N/A

|5~ Retrospective p 147 N/A 67.8 + 13.07 64.6
cohort

g Refrospective 84 898 57.89 + 13.47 63
cohort

Regarding to the published year, 76.92% of the selected studies are published in 2021,
15.38% in 2020 and 7.69% in 2022. Table 2.9 serves the frequencies for each study’
published year.
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Table 2.9. Published year-based selected article frequencies

Published Year Frequency of the Studies Percentage (%)
2020 2 15.38
2021 10 76.92
2022 1 7.69

Regarding to the study type 76.92% of the selected studies are built by cohort studies.
Cohort studies are divided into 2 sub-groups: retrospective cohort and prospective cohort.
Retrospective cohort study ratio is 60% and prospective cohort study ratio is 40%. 15.38%
of the studies are cross-sectional and for 1 study (7.69%) study type is not declared. Table

2.10 serves the frequencies for each study design.

Table 2.10. Study design-based selected article frequencies

Study Design Frequency of the Studies Percentage (%)
Cohort 10 76.92
Retrospective Cohort 6 60
Prospective Cohort 4 40
Cross-Sectional 2 15.38
Not Given 1 7.69

Regarding to the country of the studies, most of the studies were completed in China with
ratio 30.77%, then in Turkey with 15.38%, other countries are Greece, India, Iran, Italy,
Japan, Pakistan, South Korea conducted 1 study (7.69%) per each. Table 2.11 serves the

frequencies for each study country.

Table 2.11. Country-based selected article frequencies

Country Frequency of the Studies Percentage (%)
China 4 30.77
Turkey 2 15.38
Greece 1 7.69
India 1 7.69
Iran 1 7.69
Italy 1 7.69
Japan 1 7.69
Pakistan 1 7.69

South Korea 1 7.69
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Intervention group is assumed as COVID-19 patients. Control group is assumed as both
non-COVID-19 patients and healthy individuals. Sample size of intervention group is 1789
individuals, with average 137.62 and 93.83 standard deviation. Sample size of control
group is 1040 individuals, with average 260 and 426.6 standard deviation. In total, 2829
individuals were conducted into the meta-analysis. The most population included into the
meta-analysis is from China (57.97%), Turkey (16.08%) and Greece (6.93%). Table 2.12

serves the country-based intervention and control populations.

Table 2.12. Country-based intervention and control groups sample sizes

Comry et Grown_ Conrol ottt smpe e 1%
China 742 (41.48) 898 (86.35) 1640 (57.97)
Turkey 455 (25.43) N/A 455 (16.08)
Greece 102 (5.70) 94 (9.04) 196 (6.93)

India 60 (3.35) N/A 60 (2.12)
Iran 70 (3.91) N/A 70 (2.47)
Italy 46 (2.57) 20(1.92) 66 (2.33)
Japan 147 (8.22) N/A 147 (5.20)
Pakistan 48 (2.68) 28 (2.69) 76 (2.69)
South Korea 119 (6.65) N/A 119 (4.21)

Age and gender variables are calculated in terms of weighted mean for both intervention
and sample groups. Regards to the total sample size weighted mean age is 58.73 and
standard deviation is 15.63. Weighted mean ratio for male sample size is 58.79% and

female sample size is 41.21%.

As it is defined in the inclusion criteria all selected articles should contain TFT and at least
two severity groups. In addition to this, 3 articles serve comorbidity, 11 articles serve
thyroid dysfunction, 8 articles serves ICU admission, 4 articles contain control group with
non-COVID-19 patients and healthy individuals. In order to summarize the severity
outcome, 2 groups were determined as non-severe and severe-to-critical. Mild, moderate,
non-ICU admission patients were added into non-severe group and severe, critical, ICU
admission, ward patients added into severe-to-critical group. Table 2.13 serves the TFT,
comorbidity, thyroid dysfunction, mortality, ICU admission, control group existence status

(+: exist; -; not exist) and severity group for each selected study.
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Table 2.13. Article-based given properties

Article Thyroid ICU Control

Number TFT  Comorbidity Dysfunction Mortality Admission  Group Severity

non-severe,
1 + - + + + - severe-to-
critical
non-severe,

2 + - - + - - severe-to-

critical

ICU, Ward,

outpatients

moderate,

5 + - + - + + severe,

critical
mild,

6 + - + = - - moderate,
severe
hospitalized,
ICU
ICU
admission
and non-ICU
admission
ICU
admission
and non-ICU
admission
ICU
admission
and non-ICU
admission
Mild,

13 + + + - - - moderate,

severe
Mild,

14 + - + - - - moderate,
severe
Mild,

moderate,
severe(ICU
admission)
mild/modera
te,
severe/critic
al

12 + - “+ + + _

15 + + + - + -

20 + - + - - +

TFT exists as TSH, FT3, TT3, FT4, TT4 values in the selected articles. Nearly all articles
serve only some of the TFT’s. All of them present TSH, 8 of them FT3, 6 of them TT3, 11
of them FT4 and 3 of them TT3 values. Each TFT is given in different units, then all
values converrrttted into the most used unit. For TSH plU/mL, for FT3 pg/ml, for TT3
ng/dL, for FT4 ng/dL, for TT4 mcg/dL units are used. Table 2.14 presents the article-based

TFT and its’ units. “X” signs correspond the existence.
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Table 2.14. Article-based TFT

Article TSH FT3 TT3 FT4 TT4
Number 1;11[1{/ prriol/ l:f]/ ;15 HHIIAOU n%/d Irlfl/ pniol/ ng/dL, HHIIAOU meg/dL
1 X X X
2 X X X
3 X X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
12 X X X
13 X X X
14 X X X X X
15 X X X
20 X X X

Mean and standard deviation (SD); median and interquartile range (IQR); or median and
minimum-maximum values are served in the articles to demonstrate TFT’s. All values
should be in the mean + SD or number (n) form to include into the meta-analysis. Firstly,
all median (IQR) and median (min-max) values are translated into mean and SD by using
an online estimator [66]. After that, an online weighted average calculator [67] was used
for estimating weighted average. Weighted average is a method that emerges from the
multiplication of each value by its frequency. Despite this, simple mean assumes that each
value is assigned to equal weights. Instead of simple mean, using the weighted mean is

more accurate, since each study has different sample sizes.

Outputs of each study were extracted in terms of numerical values (mean = SD or number
(n)). Similar output works were grouped aiming to include into the meta-analysis. Since all
studies resulted in different outputs; TFT vs COVID-19 severity, comorbidity vs COVID-
19 severity, TFT vs mortality, thyroid dysfunction vs COVID-19 severity and TFT vs

COVID-19 existence meta-analysis topics are determined.

TFT vs COVID-19 severity subject consists of 5 meta-analyses inside it and aims to
observe the TSH, FT3, TT3, FT4, TT4 values for mild/moderate and severe/critical
COVID-19 severity patients. Consecutively 9, 5, 5, 7, 2 articles were included.
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Comorbidity vs COVID-19 severity subject consist of 2 meta-analyses inside it and aims to
observe diabetes and hypertension diseases for mild/moderate and severe/critical COVID-

19 severity patients. 2 articles are included per each disease.

TFT vs mortality subject consists of 4 meta-analyses inside it and aims to observe the
deceased/survived COVID-19 patient amounts according to the TSH, FT3, TT3, FT4 TFT

values. Consecutively 4, 3, 3, 5 articles were included.

Thyroid dysfunction vs COVID-19 severity subject consists of 1 meta-analysis inside it
and aims to observe the thyroid dysfunction for mild/moderate and severe/critical COVID-
19 severity patients. Thyroid dysfunction evaluated as non-thyroidal illness syndrome
(NTIS), subclinical thyrotoxicosis, thyrotoxicosis, overt thyrotoxicosis, hypothyroidism,
overt hypothyroidism, subclinical hypothyroidism, subnormal TSH, low FT3, high FT3,
low FT4 and high FT4. 7 articles were included.

TFT vs COVID-19 existence subject consists of 4 meta-analysis inside it and aims to
observe the TSH, TT3, TT4 values for COVID-19 and non-COVID-19 patients. In
addition, TSH value was investigated on COVID-19 and healthy individuals.

Consecutively 3, 3, 2, 2 articles were included.

2.4. SOFTWARE USED FOR ANALYSING THE DATA

There are different software and tools to complete a meta-analysis. In this study,
GRADEpro [68], Cochrane’s Review Manager (RevMan) version 5.4.1, MedCalc
Statistical Software version 18.6. GRADEpro Guideline Development Tool (GDT) is an
online software aiming to create Summary of Findings (SoF) tables in Cochrane systematic
reviews [69]. Quality score of the studies were calculated by using it. RevMan was
preferred because of ease of use and free to use. Heterogeneity tests and forest plot were
conducted in RevMan. Different from RevMan, MedCalc is licensed software and has to
pay a licence fee. Publication bias among the studies conducted in the meta-analysis was

observed by MedCalc. Funnel plot, Egger’s and Begg’s tests were generated in it.
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2.5. QUALITY SCORE ASSESSMENT OF THE STUDIES

GRADEDpro online tool was used to make the quality score assessment of studies. Quality
score of each meta-analysis was calculated by taking into consideration the study design
risk of bias, inconsistency, indirectness, imprecision, number of patients and effect size.
Quality score of all meta-analyses was resulted as “low”. Including observational studies
(cohort, cross-sectional) and due to the limitations in terms of time, some studies have been
done with insufficient or unbalanced sample groups, populations, demographic structures
etc. resulted as lower reliability levels. Appendix A serves the quality assessment for each

meta-analysis.
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3. ANALYSIS AND RESULTS

As mentioned in the introduction chapter there exists 8 steps to conduct a meta-analysis. In
the previous section methodology chapter served the first 4 steps. This chapter will
introduce the last 4 steps. Which are applying statistical techniques; combining the outputs
of the studies; establishing the relationship between the outputs of the studies and

characteristics of meta-analysis; re-reviewing, interpreting, and presenting the results

Aiming to explore the effects of COVID-19 on thyroid disorder, 5 main meta-analysis
topics are identified. Due to each study conducted into the meta-analysis containing
different types of numerical outputs, some sub-meta-analysis was applied. In total 16 meta-

analysis were implemented.
TFT and COVID-19 Severity

e Meta-Analysis 1: TSH (uWIU/mL) vs COVID-19 Severity
e Meta-Analysis 2: FT3 (pg/ml) vs COVID-19 Severity
e Meta-Analysis 3: TT3 (ng/dL) vs COVID-19 Severity
e Meta-Analysis 4: FT4 (ng/dL) vs COVID-19 Severity
e Meta-Analysis 5: TT4 (mcg/dL) vs COVID-19 Severity

Comorbidity and COVID-19 Severity

e Meta-Analysis 6: Comorbidity (Diabetes) vs COVID-19 Severity
e Meta-Analysis 7: Comorbidity (Hypertension) vs COVID-19 Severity

TFT and Mortality Rates by COVID-19

e Meta-Analysis 8: TSH (uIU/mL) vs Mortality
e Meta-Analysis 9: FT3 (pg/mL) vs Mortality
e Meta-Analysis 10: TT3 (ng/dL) vs Mortality
e Meta-Analysis 11: FT4 (ng/dL) vs Mortality

Thyroid Dysfunction and COVID-19 Severity

e Meta-Analysis 12: Thyroid Dysfunction vs COVID-19 Severity
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TFT and COVID-19 Existence

e Meta-Analysis 13: TSH (ulU/mL) vs COVID-19 Existence

e Meta-Analysis 14: TT3 (ng/dL) vs COVID-19 Existence

e Meta-Analysis 15: TT4 (mcg/dL) vs COVID-19 Existence

e Meta-Analysis 16: TSH (ulU/mL) vs COVID-19/Healthy Status

3.1. SUMMARIES OF THE STUDIES INCLUDED IN THE META-ANALYSIS

3.1.1. Study by Sohn (2021): Thyroid Hormone Profile and Its Prognostic Impact on

the Coronavirus Disease 2019 in Korean Patients [S3]

This retrospective cohort study was conducted in South Korea on 119 patients with
COVID-19. Disease severity (non-severe and severe to critical) and mortality based on
TFT (TSH, TT3, FT4) were given, expressed as median (IQR). Also, thyroid
dysfunctioned (NTIS, subclinical thyrotoxicosis, subclinical hypothyroidism) number of
patients are given based on disease severity and mortality, expressed as number (%). TSH
and TT3 levels were lower in patients at severe to critical severity group than in non-severe
group (p < 0.05). In conclusion, thyroid dysfunction is common in COVID-19 patients.
TSH and TT3 levels may be important indicators of COVID-19 severity. Low TT3 levels

may have a prognostic significant in COVID-19 related outcomes.

3.1.2. Study by Gao (2020): Thyroid hormone concentrations in severely or critically
ill patients with COVID-19 [54]

This retrospective cohort study was conducted in China on 100 patients with COVID-19.
Disease severity (non-severe and severe to critical) and mortality based on TFT (TSH,
FT3, FT4) were given, expressed as mean (SD). FT3 levels are significantly lower in

severe COVID-19 patients than in non-severe patients.



42

3.1.3. Study by Vassiliadi (2021): Thyroid hormone alterations in critically and non-
critically ill patients with SARS-CoV-2 infection [55]

This prospective cohort study was conducted in Greece on 196 patients. 102 of them are
COVID-19 and 94 of them are non-COVID-19 patients. Disease severity (ICU, ward,
outpatients) based on TFT (TSH, TT3, FT4) was given, expressed as mean (SD). Also,
thyroid dysfunctioned (NTIS, thyrotoxicosis, overt thyrotoxicosis, subclinical
thyrotoxicosis, hypothyroidism, overt hypothyroidism, subclinical hypothyroidism)
number of patients are given based on disease severity and mortality, expressed as number
(%). TT3 levels are lower in ICU patients rather than in ward and outpatients. Low FT4
and low TSH levels are more common in ICU patients. The frequency of NTIS is

independent from COVID-19 but related with disease severity.

3.14. Study by Malik (2021): Thyroid function analysis in COVID-19: A

retrospective study from a single center [56]

This retrospective cohort study was conducted in Pakistan on 76 patients. 48 of them are
COVID-19 and 28 of them are non-COVID-19 patients. Non-COVID-19 patients have
pneumonia. Disease severity (moderate, severe, and critical) based on TFT (TSH, TT3,
TT4) are given, expressed as mean (SD). TSH levels are higher in moderate and critical
COVID-19 patients rather than non-COVID-19 patients. TT3 levels are lower in COVID-

19 pneumonia patients than in non-COVID-19 pneumonia patients.

3.1.5. Study by Lui (2020): Thyroid Dysfunction in Relation to Immune Profile,
Disease Status, and Outcome in 191 Patients with COVID-19 [57]

This prospective cohort study was conducted in China on 191 patients with COVID-19.
Thyroid dysfunctioned (normal TSH, subnormal TSH, normal FT3, low FT3) number of
patients is given based on disease severity (mild, moderate, severe), expressed as number
(%). Thirteen percent of patients having thyroid dysfunction are commonly in mild to

moderate COVID-19 severity.
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3.1.6. Study by Baldelli (2021): Thyroid dysfunction in COVID-19 patients [S8]

This retrospective cohort study was conducted in Italy on 66 patients. 46 of them were
COVID-19 and 20 of them were healthy. Disease severity (hospitalized and ICU) based on
TFT (TSH, FT3, FT4) was given, expressed as mean (SD). FT3 and TSH levels in
COVID-19 patients are lower than in healthy individuals. Among the COVID-19 patients,
ICU patients have lower FT3 and TSH levels.

3.1.7. Study by Bonakdaran (2022): The Prognostic Role of Metabolic and
Endocrine Parameters for the Clinical Severity of COVID-19 [59]

This cross-sectional study was conducted in Iran on 70 patients with COVID-19. Disease
severity (ICU and non-ICU) and mortality based on TFT (TSH, TT3, FT4) are given,
expressed as mean (SD). Also, disease severity-based comorbidity (diabetes, CVD,
hypertension) amounts are given, expressed as number (%). Mortality rates are higher in

with patients low TT3 levels.

3.1.8. Study by Giiven (2021): The prognostic impact of thyroid disorders on the
clinical severity of COVID-19: Results of single-centre pandemic hospital [60]

This prospective study was conducted in Turkey on 250 patients with COVID-19. Disease
severity (ICU and non-ICU) and mortality based on TFT (TSH, FT3, FT4) are given,
expressed as median (IQR). Also, number of thyroid dysfunctioned (thyroid nodule, overt
thyroid disorder, total hypothyroidism, overt hypothyroidism, subclinical hypothyroidism,
total thyrotoxicosis, overt thyrotoxicosis, subclinical thyrotoxicosis, NTIS) patients were
given based on disease severity, and mortality. Overt thyroid disorders are more common
in critical severity patients. FT4 levels of ICU patients are lower than non-ICU admitted
patients. No significant difference in TSH levels among the survived and deceased patients
but FT4 and FT3 levels of deceased patients are significantly lower than survived

individuals.
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3.1.9. Study by Yazan (2021): The Association of Thyroid Hormone Changes with
Inflammatory Status and Prognosis in COVID-19 [61]

This study was conducted in Turkey on 205 patients with COVID-19. Disease severity
(ICU and non-ICU) and mortality based on TFT (TSH, FT3, FT4) are given, expressed as
median (min-max). ICU admission rates are lower in euthyroid patients and none of the
euthyroid patients died. Patients with lower FT3, higher FT4, lower TSH have higher

mortality rates.

3.1.10. Study by Lui (2021): Role of non-thyroidal illness syndrome in predicting
adverse outcomes in COVID-19 patients predominantly of mild-to-moderate

severity [62]

This prospective cohort study was conducted in China on 367 patients with COVID-19.
Thyroid dysfunctioned (normal TFT and NTIS) number of patients were given based on
disease severity (mild, moderate, severe), expressed as number (%). NTIS is not common

in mild-to-moderate severity patients.

3.1.11. Study by Sen (2021): Thyroid Function Test in COVID-19 Patients: A
Cross-Sectional Study in a Tertiary Care Hospital [63]

This cross-sectional study was conducted in India on 60 patients with COVID-19. Disease
severity (mild, moderate, severe) based on TFT (TSH, FT3, FT4, TT3, TT4) is given,
expressed as median (IQR). There is no significant difference in TFT values regards to

disease severity.

3.1.12. Study by Nakamura (2021): Analysis of thyroid function in Japanese patients

with coronavirus disease 2019 [64]

This retrospective cohort study was conducted in Japan on 147 patients with COVID-19.
Disease severity (mild, moderate, severe) based on TFT (TSH, FT3, FT4) is given,

expressed as median (IQR). Disease severity-based comorbidity (diabetes, hypertension,
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heart failure, chronic kidney disease, malignant tumour) amounts are given, expressed as
number (%). Also, thyroid dysfunctioned (low FT3, high FT3) number of patients are
given based on disease severity, expressed as number (%). More than 70% of patients
having moderate to severe disease have low FT3 levels.TSH and FT3 levels are inversely
proportional to the disease severity. Low FT3 level patients have higher mortality rates

rather than normal FT3 level patients.

3.1.13. Study by Wang (2021): Thyroid Function Abnormalities in COVID-19
Patients [65]

This retrospective cohort study was conducted in China on 982 patients. 84 of them are
COVID-19, 91 of them are non-COVID-19 but having pneumonia and 807 of them are
healthy. TFT values (TSH, TT3, TT4) are given for those 3 sample groups. Also, thyroid
dysfunctioned number of patients is given based on disease severity (mild/moderate and
severe/critical), expressed as number (%). In severe patients, thyroid dysfunction is more
common than in mill/moderate cases. TT3 and TSH levels are lower in COVID-19 patients

than healthy individuals.

3.2. RESULTS OF META-ANALYSIS

3.2.1. TFT and COVID-19 Severity: Meta-Analysis 1 - TSH (unIU/mL) vs COVID-19

Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine heterogeneity.
Q-value —measured as Chi-squared-, I> value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I>> 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.
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In this meta-analysis Q-value = 49.54, p < 0.00001, I = 84%, in forest plot confidence
intervals are overlapping in some studies. So, heterogeneity takes place and random effect
model should be preferred in order to eliminate the errors that emerge from heterogeneity.

Due to p < 0.05, there exists statistically significant difference among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.3, lower limit = -0.05
(95% CI) and upper limit = 0.65 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups standardized mean TSH difference is 0.3 greater

in mild/moderate group within the 95% CI (-0.05 to 0.65).

Since, the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the TSH values and COVID-19 severity.
Table 3.1 presents the standardized mean difference, lower/upper limits, heterogeneity test
results and test of null metrics based on both fixed and random effect models. Figure 3.1
shows the study-based mean, SD, weight, standardized mean difference, 95% CI, forest

plot for random effect model.

Table 3.1. Model-based results for meta-analysis 1

Test of null
95% CI Heterogeneity .
Model  SMD (2-Tail)
Lower  Upper | Chi2 df p-value I? Tau? | z-value  p-value
Fixed 0.34 0.21 0.48 49.54 8 0.000 84%  N/A 5.06 0.000
Random 0.3 -0.05 0.65 49.54 8 0.000 84% 0.23 1.7 0.09
mild/moderate severeicritical Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sen 2021 {ID: 14y 047 06 42 181 1.8 18 10.0% -0.75[-1.32,-0.18] e —
Malik 2021 {ID: 5y 131 1.87 22 1.63 233 26 10.0% -018 072, 0.42] —
Eonakdaran 2022 {ID: 8) 1.23 112 28 1.28 1.68 42 10.8% -0.03 [-0.51,0.44] .
Guyen 2021 (10: 9) 083 067 125 076 088 125 128% 0.08 [-0.16, 0.33] T
Yazan 2021 (D12 14 115 174 0892 0458 N11T% 0.43[0.05, 0.82] —
Sohn 2021 {ID: 1) 1.69 1.39 32 1.07 123 a7 11.5% 0.48[0.07, 0.89] —
Wassiliadi 2021 (1D: 3) 16 11 15 111 085 a7 101% 0.85[-0.01,1.10]
Gao 2020 {0: 2) 22 18 4124 1 66 11.3% 0.70[0.28,1.13] e —
Makamura 2021 {D: 15) 225 19 63 066 08 g4 11.9% 1.191[0.84,1.54] .
Total (95% CI) 535 566 100.0% 0.30 [-0.05, 0.65] -
Heterogeneity: Tau®=0.23; Chi*= 49.594 df=8 (P = 0.00001); *=84% 1_2 i1 p 1! 2!
Testforoverall effect: Z=1.70 (F = 0.09) severelcritical mild/moderate

Figure 3.1. Random effect model result for meta-analysis 1
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Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.2. As can be seen from the figure, 77.7% of point
(studies) locates inside the funnel shape and stays base of the graph which means studies
are completed with small sample sizes. Distribution of points generates a symmetric figure.

So, it can be interpreted as publication bias does not take place.

0.0}
S 0.1}
w
B
©
©
S
&5 0.2}
0.3h . | | .
-1.5 -1.0 -0.5 0.0 0.5 1.0
Standardized
Mean Difference

Figure 3.2. Funnel plot for meta-analysis 1

Egger’s and Begg’s test results are served in table 3.2. According to Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in the funnel plot. Since, p =
0.6799, funnel plot is in symmetric form and publication bias does not exists. According to
Begg’s test, p = 0.2971, and statistically significant level is evaluated as p < 0.05. P-value
for this test is not statistically significant (0.05 < 0.2971), so publication bias is not

observed.
Table 3.2. Egger’s & Begg’s test results for meta-analysis 1
Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level

1.4158 -6.3650 to 9.1965 P=0.6799 0.2778 P=0.2971
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3.2.2. TFT and COVID-19 Severity: Meta-Analysis 2 - FT3 (pg/ml) vs COVID-19

Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exists different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, 1> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, I> > 75 and in forest plot not overlapping the confidence intervals indicate

heterogeneity.

In this meta-analysis Q-value = 16.19, p = 0.003, I> = 75%, in forest plot confidence
intervals are overlapping in some studies. So, heterogeneity takes place and random effect
model should be preferred in order to eliminate the errors that emerge from heterogeneity.

Due to p < 0.05, there exists statistically significant difference among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.65, lower limit = 0.31
(95% CI) and upper limit = 0.99 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups standardized mean FT3 difference is 0.65 greater

in mild/moderate group within the 95% CI (0.31 to 0.99).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,5 and 0,8 is evaluated as medium relative size. Table 3.3 presents
the standardized mean difference, lower/upper limits, heterogeneity test results and test of
null metrics based on both fixed and random effect models. Figure 3.3 shows the study-
based mean, SD, weight, standardized mean difference, 95% CI, forest plot for random

effect model.
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Table 3.3. Model-based results for meta-analysis 2

Test of null
95% CI Heterogeneity
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.72 0.56 0.88 16.19 4 0.003 75%  N/A 8.81 0.000
Random 0.65 0.31 0.99 16.19 4 0.003 75%  0.11 3.75 0.000
mildimoderate severe/critical Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gao 20204{D: 2 286 0457 34 222 048 GE 18.7% 1.09[0.65, 1.53] -
Guven 2021 {1D: 9) 2484 062 125 1.84 087 125 236% 0.92 066, 1.18] —
Makamura 2021 (102 15) 207 041 63 1.69 047 a4  21.5% 0.78[0.44, 1.11] —
Sen 2021 {D:14) 294 039 42 2493 058 18 15.9% 0.02 [-0.53, 0.58] . —
Yazan 2021 (ID:12) 2586 048 169 232 1.04 31 20.3% 0.28 [-0.10, 0.67] T
Total (95% CI) 433 324 100.0% 0.65 [0.31, 0.99] -
Heterogeneity: Tau®= 0.11; Chi= 1619, df= 4 (P = 0.003); F= T&% 1_2 =1 h 1i 2‘
Test for overall effect £=3.75 (P = 0.0002) severeicritical mildimoderate

Figure 3.3. Random effect model result for meta-analysis 2
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.4. As can be seen from the figure, 60% of point
(studies) locates inside the funnel shape and stays middle-base of the graph which means
studies are completed with medium-small sample sizes. Distribution of points generates a

symmetric figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.4. Funnel plot for meta-analysis 2

Egger’s and Begg’s test results are served in table 3.4. According to Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.2962,
funnel plot is in symmetric form and publication bias does not exists. According to the
Begg’s test, p = 0.1416, and statistically significant level is evaluated as p < 0.05. P-value

for this test is not statistically significant (0.05 < 0. 1416), so publication bias is not

observed.
Table 3.4. Egger’s & Begg’s test results for meta-analysis 2
Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
4.3905 -6.6842 to 15.4653 P=10.2962 0.6 P=0.1416

3.2.3. TFT and COVID-19 Severity: Meta-Analysis 3 - TT3 (ng/dL) vs COVID-19

Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine heterogeneity.
Q-value —measured as Chi-squared-, I value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I>> 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.
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In this meta-analysis Q-value = 45.81, p < 0.00001, I> = 91%, in forest plot confidence
intervals are overlapping in some studies. So, heterogeneity takes place and random effect
model should be preferred in order to eliminate the errors that emerge from heterogeneity.

Due to p < 0.05, there exists statistically significant difference among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 1.19, lower limit = 0.36
(95% CI) and upper limit = 2.03 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups standardized mean TT3 difference is 1.19 greater

in mild/moderate group within the 95% CI (0.36 to 2.03).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is greater or equal than 0,8 is evaluated as a large relative size. Table 3.5.
presents the standardized mean difference, lower/upper limits, heterogeneity test results
and test of null metrics based on both fixed and random effect models. Figure 3.5 shows
the study-based mean, SD, weight, standardized mean difference, 95% CI, forest plot for

random effect model.

Table 3.5. Model-based results for meta-analysis 3

Test of null
95% CI Heterogeneity
Model  SMD (2-Tail)
Lower  Upper | Chi2 df p-value I? Tau? | z-value  p-value
Fixed 0.96 0.72 1.2 45.81 4 0.000 91% N/A 7.83 0.000
Random 1.19 0.36 2.03 45.81 4 0.000 91%  0.82 2.8 0.005
mild/moderate severe/critical Std. Mean Difference Stil. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonakdaran 2022 {1D: 8) a61 2745 28 434 207 42 206% 0.53[0.04,1.02] =
Malik 2021 {1D: 5) 7564 17.03 22 T3ITT 4347 26 201% 0.05 [-0.51, 0.63] -
Sen 2021 (D:14) 11677 21.74 42 434 207 18 182% 3.38[2.54,4.21] —
Sohn 2021 (0: 1) 108.86 24.83 32 B1.65 26.38 ar  21.0% 1.04 [0.61,1.47] —
Wassiliadi 2021 {ID: 3) 1M76 2841 15 B2.26 29.45 ay  201% 119062, 1.77] —
Total (95% CI) 139 260 100.0% 1.19 [0.36, 2.03] .
Heterogeneity: Tau®= 0.82; Chi®= 45.81, df= 4 (P = 0.00001}; F=91% =4 =2 b é i
Testfor overall effect: 2= 2.80 (P = 0.005) severeleritical  mildimaoderate

Figure 3.5. Random effect model result for meta-analysis 3
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Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.6. As can be seen from the figure, 40% of point
(studies) locates inside the funnel shape and stays base of the graph which means studies
are completed with small sample sizes. Distribution of points does not generate a
symmetric figure. So, it can be interpreted as publication bias take place. But Egger’s and

Begg’s should be done for the final bias existsence decision.
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Figure 3.6. Funnel plot for meta-analysis 3

Egger’s and Begg’s test results are served in table 3.6. According to Egger’s test, the p-
values greater than 0.05, lead symmetric distribution in funnel plot. Since, p = 0.3342,
funnel plot is in symmetric form and publication bias do not exists. According to the
Begg’s test, p = 0.1416, and statistically significant level is evaluated as p < 0.05. P-value
for this test is not statistically significant (0.05 < 0. 1416), so publication bias is not

observed.
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Table 3.6. Egger’s & Begg’s test results for meta-analysis 3

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
-33.2515 -125.42 t0 58.9169 P=10.3342 -0.2000 P =0.6242

3.2.4. TFT and COVID-19 Severity: Meta-Analysis 4 - FT4 (ng/dL) vs COVID-19

Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exists different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, I> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, 1> > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.

In this meta-analysis Q-value = 24.97, p = 0.0003, I*> = 76%, in forest plot confidence
intervals are overlapping in some studies. So, heterogeneity take place and random effect
model should be preferred in order to eliminate the errors emerge from heterogeneity. Due

to p <0.05, there exists statistically significant difference among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.06, lower limit = -0.25
(95% CI) and upper limit = 0.37 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups standardized mean FT4 difference is 0.06 greater

in mild/moderate group within the 95% CI (-0.25 to 0.37).

Since, the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the FT4 values and COVID-19 severity.
Table 3.7. presents the standardized mean difference, lower/upper limits, heterogeneity test

results and test of null metrics based on both fixed and random effect models. Figure 3.7
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shows the study-based mean, SD, weight, standardized mean difference, 95% CI, forest

plot for random effect model.

Table 3.7. Model-based results for meta-analysis 4

Test of null
95% CI Heterogeneity
Model  SMD (2-Tail)
Lower Upper | Chi*? df p-value I? Tau? | z-value p-value
Fixed 0.07 -0.07 0.22 2497 6 0.000 76%  N/A 1.02 0.31
Random 0.06 -0.25 0.37 2497 6 0.000 76%  0.13 0.4 0.69

mildimoderate severe/critical Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bonakdaran 2022 (1D 8) 0487 0482 28 0497 04 42 13.3% 0.00 [-0.48, 0.48]
Gao 2020 (D: 2) 123 018 34 1.2 025 66 14.5% 0.13[0.28, 0.54] [ e —
Guyen 2021 (10: 9) 1.2 031 125 113 032 125 17.3% 0.381[0.13, 0.63] —
Makamura 2021 {1D: 15) 118 0.23 63 1.2 0N 24 16.0% -0.25 [-0.58, 0.08] T
Sen 2021 (1D 143 1.3 0.23 42 1.31 032 18 12.0% -0.04 [-0.55, 0.51] — T
Wassiliadi 2021 (1D: 3) 15 02 15 1.3 03245 a7 11.9% 0.81[0.26,1.37] e
Yazan 2021 (0:12) 0498 026 170 141 026 31 15.0% -0.50 -0.88,-0.11] e —
Total (95% CI) 477 453 100.0% 0.06 [-0.25, 0.37] ?
Heterogeneity: Taw®= 0.13; Chi*= 24 87, df = 6 (P = 0.0003); F = 76% B R 5 ] 7
Testforoverall effect Z=0.40 (P = 0.69) severe/critical mild/moderate

Figure 3.7. Random effect model result for meta-analysis 4
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.8. As can be seen from the figure, 57.14% of point
(studies) locates inside the funnel shape and stays middle-base of the graph which means
studies are completed with medium-small sample sizes. Distribution of points generate a

symmetric figure. So, it can be interpreted as publication bias do not take place.
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Figure 3.8. Funnel plot for meta-analysis 4

Egger’s and Begg’s test results are served in table 3.8. According to the Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.8566,
funnel plot is in symmetric form and publication bias do not exists. According to Begg’s
test, p = 0.8806, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0.8806), so publication bias is not observed.

Table 3.8. Egger’s & Begg’s test results for meta-analysis 4

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
0.5892 -7.3724 to 8.5508 P =0.8566 -0.04762 P =0.8806

3.2.5. TFT and COVID-19 Severity: Meta-Analysis 5 - TT4 (mcg/dL) vs COVID-19

Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine heterogeneity.
Q-value —measured as Chi-squared-, I> value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I* > 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.
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In this meta-analysis Q-value = 0.48, p = 0.49 , I> = 0%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.02, lower limit = -0.38
(95% CI) and upper limit = 0.42 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups standardized mean TT4 difference is 0.02 greater

in mild/moderate group within the 95% CI (-0.38 to 0.42).

Since, the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the TT4 values and COVID-19 severity.
Table 3.9 presents the standardized mean difference, lower/upper limits, heterogeneity test
results and test of null metrics based on both fixed and random effect models. Figure 3.9
shows the study-based mean, SD, weight, standardized mean difference, 95% CI, forest

plot for fixed effect model.

Table 3.9. Model-based results for meta-analysis 5

Test of null
95% CI Heterogeneity
Model  SMD (2-Tail)
Lower  Upper | Chi? df p-value 12 Tau? | z-value  p-value
Fixed 0.02 -0.38 0.42 0.48 1 0.49 0% N/A 0.1 0.92
Random 0.02 -0.38 0.42 0.48 1 0.49 0% 0 0.1 0.92
mild/moderate severe/critical Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI I, Fixed, 95% CI
Malik 2021 {ID: 5) 6.91 261 22 B4B 275 26 48.6% 016 [-0.40,0.73] i
Sen 2021 {D:14) 911 1.29 42 833 284 18 51.4% -0.12 [[0.67, 0.44] ——
Total (95% CI) 64 44 100.0% 0.02 [-0.38, 0.42] '*

Heterogeneity: Chi*= 048, df=1{FP=049);, F=0%
Testfor overall effect: Z= 010 {P = 0.93)

R

05 0 05 1
severefcritical mildimoderate

Figure 3.9. Fixed effect model result for meta-analysis 5
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Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.10. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays base of the graph which means studies
are completed with small sample sizes. Distribution of points generates a symmetric figure.

So, it can be interpreted as publication bias does not take place.
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Figure 3.10. Funnel plot for meta-analysis 5

Egger’s and Begg’s test results are served in table 3.10. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p < 0.0001,
funnel plot is not in symmetric form and publication bias exists. Despite that, the view of
funnel plot is symmetric. According to Begg’s test, p = 0. 3173, and statistically significant
level is evaluated as p < 0.05. P-value for this test is not statistically significant (0.05 < 0.

3173), so publication bias is not observed.

Table 3.10. Egger’s & Begg’s test results for meta-analysis 5

Egger's Test Begg's Test

Intercept 95% CI Significant level Kendall's Tau Significant level
-39.0760 N/A P <0.0001 -1 P=0.3173
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3.2.6. Comorbidity and COVID-19 Severity: Meta-Analysis 6 - Comorbidity
(Diabetes) vs COVID-19 Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine heterogeneity.
Q-value —measured as Chi-squared-, I value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I>> 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.

In this meta-analysis Q-value = 3.16, p = 0.08, I> = 68%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using the odds ratio. Standardized mean difference (SMD),
can not be calculated because data is not in continuous form. ES = 0.46, lower limit = 0.25
(95% CI) and upper limit = 0.86 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups odds ratio for diabetes is 0.46 greater in
mild/moderate group within the 95% CI (0.25 to 0.86) which means the prognosis of
COVID-19 is milder in patients having diabetes.

According to Cohen’ (1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. Table 3.11 presents the
odds ratio, lower/upper limits, heterogeneity test results and test of null metrics based on
both fixed and random effect models. Figure 3.11 shows the study-based mean, SD,
weight, odds ratio, 95% CI, forest plot for random fixed model.



59

Table 3.11. Model-based results for meta-analysis 6

Test of null
95% CI Heterogeneity
Model OR (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.46 0.25 0.86 3.16 1 0.08 68%  N/A 2.41 0.02
Random  0.54 0.16 1.79 3.16 1 0.08 68%  0.52 1.01 0.31
severe/critical  mildimoderate Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bonakdaran 2022 (D: 8) 7 28 10 42 200%  1.07 [0.35,3.24] —
Makarura 2021 (ID: 15) 11 B3 34 g4 800% 031014068 20—
Total (95% CI) 91 126 100.0%  0.46[0.25, 0.86] ~ei—
Total events 18 44
Heterogeneity: ChiT= 316, df= 1 (F = 0.08); F= 68% I o + P

Testfor overall effect 2= 241 (F=0.02

mildimoderate  severefcritical

Figure 3.11. Fixed effect model result for meta-analysis 6

Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of

the graph is like a symmetric funnel, it indicates that there is not any bias in the study.

Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.12. As can be seen from the figure, 100% of point

(studies) locates inside the funnel shape and middle-stays base of the graph which means

studies are completed with medium-small sample sizes. Distribution of points does not

generate a symmetric figure. So, it can be interpreted as publication bias take place.
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Figure 3.12. Funnel plot for meta-analysis 6

Egger’s and Begg’s test results are served in table 3.12. According to the Egger’s test, the
p-values greater than 0.05, lead symmetric distribution in funnel plot. Since, p < 0.0001,
funnel plot is not in symmetric form and publication bias exists. According to Begg’s test,
p = 0. 3173, and statistically significant level is evaluated as p < 0.05. P-value for this test

is not statistically significant (0.05 < 0. 3173), so publication bias is not observed.

Table 3.12. Egger’s & Begg’s test results for meta-analysis 6

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
-7.3447 N/A P <0.0001 -1 P=0.3173

3.2.7. Comorbidity and COVID-19 Severity: Meta-Analysis 7 - Comorbidity
(Hypertension) vs COVID-19 Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine heterogeneity.
Q-value —measured as Chi-squared-, I? value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I* > 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.
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In this meta-analysis Q-value = 0.27, p = 0.6, I> = 0%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using the odds ratio. Standardized mean difference (SMD),
can not be calculated because data is not in continuous form. ES = 0.36, lower limit = 0.2
(95% CI) and upper limit = 0.68 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups odds ratio for hypertension is 0.36 greater in
mild/moderate group within the 95% CI (0.2 to 0.68) which means the prognosis of
COVID-19 is milder in patients having hypertension.

According to Cohen’ (1988) “Rules-of-Thumb” for the standardized mean difference of
the effect size is between 0,2 and 0,5 is evaluated as small relative size. Table 3.13 presents
the odds ratio, lower/upper limits, heterogeneity test results and test of null metrics based
on both fixed and random effect models. Figure 3.13 shows the study-based mean, SD,
weight, odds ratio, 95% CI, forest plot for fixed effect model.

Table 3.13. Model-based results for meta-analysis 7

Test of null
95% CI Heterogeneity .
Model OR (2-Tail)
Lower  Upper | Chi? df p-value 1> Tau? | z-value  p-value
Fixed 0.36 0.19 0.67 0.27 1 0.6 0% N/A 3.25 0.001
Random 0.36 0.2 0.68 0.27 1 0.6 0% 0 3.19 0.001
mild/moderate  sewere/critical Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Bonakdaran 2022 {D: 8) 2 28 10 42 21.5%  0.25[0.05 1.27]
MNakamura 2021 (ID; 15) 26 63 54 84 7H.S%  0.39[0.20, 0.78] ——
Total (95% CI) 91 126 100.0%  0.36[0.19, 0.67] il
Total events 28 64
Heteragensity, Chi®= 0.27, df=1 (P = 0.60); F= 0% : : : :
Testfor averall effect: £=3.25 (P =0.001) 0.08 |nﬂﬁ%‘mode|‘ate SE'u'EI'E."CI'iﬁEm 0

Figure 3.13. Fixed effect model result for meta-analysis 7



62

Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.14. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle-base of the graph which means
studies are completed with medium-small sample sizes. Distribution of points does not

generate a symmetric figure. So, it can be interpreted as publication bias take place.
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Figure 3.14. Funnel plot for meta-analysis 7

Egger’s and Begg’s test results are served in table 3.14. According to the Egger’s test, the
p-values greater than 0.05, lead symmetric distribution in funnel plot. Since, p < 0.0001,
funnel plot is not in symmetric form and publication bias exists. According to Begg’s test,
p = 0. 3173, and statistically significant level is evaluated as p < 0.05. P-value for this test

is not statistically significant (0.05 < 0. 3173), so publication bias is not observed.

Table 3.14. Egger’s & Begg’s test results for meta-analysis 7

Egger's Test Begg's Test

Intercept 95% CI Significant level Kendall's Tau Significant level
0.9693 N/A P <0.0001 1 P=03173
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3.2.8. TFT and Mortality Rates by COVID-19: Meta-Analysis 8 - TSH (uIU/mL) vs
Mortality

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exists different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, 1> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, I> > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.

In this meta-analysis Q-value = 2.04, p = 0.73, I> = 0%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.26, lower limit = 0.05
(95% CI) and upper limit = 0.47 (95% CI) for random effect model. Among the survived
and deceased groups standardized mean TSH difference is 0.26 greater in the survived

group within the 95% CI (0.05 to 0.47).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. Table 3.15 presents the
standardized mean difference, lower/upper limits, heterogeneity test results and test of null
metrics based on both fixed and random effect models. Figure 3.15 shows the study-based
mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
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Table 3.15. Model-based results for meta-analysis 8

Test of null
95% CI Heterogeneity
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I* Tau?® | z-value p-value
Fixed 0.26 0.05 0.47 2.04 4 0.73 0% N/A 2.48 0.01
Random 0.26 0.05 0.47 2.04 4 0.73 0% 0 2.48 0.01
survived deceased Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Bonakdaran 2022 {D: &) 1.27 1186 46 118 1.76 24 17.8% 0.06 [-0.44, 0.55] —

Gao 2020 {10: 2) 1.46 1.04 44 085 1.18 22 161% 0.46 [-0.05, 0.98] =

Guyen 2021 (1D &) 0.81 1.03 g8 0.66 0.83 IF 29.3% 015 [-0.23, 0.54] —

Sohn 2021 {D: 1) 139 14 a5 085 147 34 7% 033 [0.07,0.73] T

Yazan 2021 {ID:12) 136 113 196 083 048 9 87% 0,47 [-0.20,1.14] I B —

Total (95% CI) 459 126 100.0% 0.26 [0.05, 0.47] <D

Heterogeneity, Chi®= 2.04, df= 4 (P =0.73; F= 0% 5_2 51 3 15 25
Test for overall effect 2= 248 (P=0.01) deceased survived

Figure 3.15. Fixed effect model result for meta-analysis 8
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.16. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generates a symmetric

figure. So, it can be interpreted as publication bias does not take place.



65

0.0}
0.1+
S
m
el
5 0.2F
o
c
8
n
0.3
0-4—I L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1
-1.0 -08 -06 -04 -02 00 02 04 06
Standardized
Mean Difference

Figure 3.16. Funnel plot for meta-analysis 8

Egger’s and Begg’s test results are served in table 3.16. According to Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.4159,
funnel plot is in symmetric form and publication bias does not exist. According to Begg’s
test, p = 0. 3271, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 3271), so publication bias is not observed.

Table 3.16. Egger’s & Begg’s test results for meta-analysis 8

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
-1.6437 -7.1992 t0 3.9119 P=0.4159 -0.4 P=0.3272

3.2.9. TFT and Mortality Rates by COVID-19: Meta-Analysis 9 - FT3 (pg/mL) vs
Mortality

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exist different statistical methods to determine heterogeneity. Q-
value —measured as Chi-squared-, 1% value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I* > 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.
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In this meta-analysis Q-value = 4.31, p = 0.77, I* = 54%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.77, lower limit = 0.49
(95% CI) and upper limit = 1.06 (95% CI) for random effect model. Among the survived
and deceased groups standardized mean FT3 difference is 0.77 greater in survived group

within the 95% CI (0.49 to 1.06).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,5 and 0,8 is evaluated as medium relative size. Table 3.17 presents
the standardized mean difference, lower/upper limits, heterogeneity test results and test of
null metrics based on both fixed and random effect models. Figure 3.17 shows the study-

based mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
Table 3.17. Model-based results for meta-analysis 9
Test of null
95% CI Heterogeneity .
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.77 0.49 1.06 431 2 0.12 54% N/A 5.26 0.000
Random 0.83 0.38 1.27 431 2 0.12 54% 0.08 3.6 0.000
survived deceased Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gao 2020 {0 2) 243 0457 44 179 0N 22 Z68% 1.27[0.71,1.829] - =
Guyen 2021 {ID; 9) 1.98 093 a8 1.51 065 37T 94.8% 054015, 0483)] —i—
Yazan 2021 {D:12) 258 093 191 188 077 9 18.4% 0.74[0.07 1.43] I —
Total (95% CI) 323 68 100.0% 0.77 [0.49, 1.06] <
Heterogeneity: Chif=4.31, df= 2 (P=012); F=54% 5_2 51 7 15 25
Test for overall effect 2= 526 (P = 0.00001) deceased sunvived

Figure 3.17. Fixed effect model result for meta-analysis 9
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Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.18. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generates a symmetric

figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.18. Funnel plot for meta-analysis 9

Egger’s and Begg’s test results are served in table 3.18. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.6125,
funnel plot is in symmetric form and publication bias does not exists. According to Begg’s
test, p = 0.6015, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 6015), so publication bias is not observed.

Table 3.18. Egger’s & Begg’s test results for meta-analysis 9

Egger's Test Begg's Test

Intercept 95% CI Significant level Kendall's Tau Significant level
-3.2927 -63.3271 to 56.7417 P=0.6125 -0.3333 P=10.6015
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3.2.10. TFT and Mortality Rates by COVID-19: Meta-Analysis 10 - TT3 (ng/dL) vs
Mortality

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exist different statistical methods to determine heterogeneity. Q-
value —measured as Chi-squared-, I? value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I>> 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.

In this meta-analysis Q-value = 1.16, p = 0.28, I> = 54%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.73, lower limit = 0.41
(95% CI) and upper limit = 1.05 (95% CI) for random effect model. Among the survived
and deceased groups standardized mean TT3 difference is 0.73 greater in survived group

within the 95% CI (0.41 to 1.05).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,5 and 0,8 is evaluated as medium relative size. Table 3.19 presents
the standardized mean difference, lower/upper limits, heterogeneity test results and test of
null metrics based on both fixed and random effect models. Figure 3.19 shows the study-
based mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
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Table 3.19. Model-based results for meta-analysis 10

. Test of null
95% CI Heterogeneity .
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.73 0.41 1.05 1.16 1 0.28 14%  N/A 4.47 0.000
Random 0.72 0.38 1.07 1.16 1 0.28 14% 0.01 4.1 0.000
survived deceased Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Bonakdaran 2022 {|D: 8) G489 258 46 422 M4 24 40.5% 0.51[0.01,1.02] I —

Sohn 2021 (D: 1) 0B.65 24.89 85 TF4B4 2554 34 595% 0.87 [0.46,1.29] ——

Total (95% CI) 131 58 100.0% 0.73 [0.41, 1.05] -
Heterogeneity: Chi®=1.16, df=1 (P =028}, F=14% 1_2 I1 3 1! 2:
Test for overall effect 2= 4.47 (P = 0.00001) deceased survived

Figure 3.19. Fixed effect model result for meta-analysis 10

Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of

the graph is like a symmetric funnel, it indicates that there is not any bias in the study.

Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.20. As can be seen from the figure, 100% of point

(studies) locates inside the funnel shape and stays middle of the graph which means studies

are completed with medium sample sizes. Distribution of points generates a symmetric

figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.20. Funnel plot for meta-analysis 10
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Egger’s and Begg’s test results are served in table 3.20. According to Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p < 0.0001,
funnel plot is not in symmetric form and publication bias exists. Despite that, the view of
funnel plot is symmetric. According to Begg’s test, p = 0.3173, and statistically significant
level is evaluated as p < 0.05. P-value for this test is not statistically significant (0.05 < 0.

3173), so publication bias is not observed.

Table 3.20. Egger’s & Begg’s test results for meta-analysis 10

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
8.2362 N/A P <0.0001 1 P=0.3173

3.2.11. TFT and Mortality Rates by COVID-19: Meta-Analysis 11 - FT4 (ng/dL) vs
Mortality

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exist different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, I> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, 1> > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.

In this meta-analysis Q-value = 5.15, p = 0.27, I> = 22%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.13, lower limit = -0.07
(95% CI) and upper limit = 0.33 (95% CI) for random effect model. Among the survived
and deceased groups standardized mean FT4 difference is 0.13 greater in survived group

within the 95% CI (-0.07 to 0.33).
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Since, the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the FT4 and COVID-19 mortality.Table
3.21 presents the standardized mean difference, lower/upper limits, heterogeneity test
results and test of null metrics based on both fixed and random effect models. Figure 3.21
shows the study-based mean, SD, weight, standardized mean difference, 95% CI, forest
plot for fixed effect model.

Table 3.21. Model-based results for meta-analysis 11

Test of null
95% CI Heterogeneity
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.13 -0.07 0.33 5.15 4 0.27 22%  N/A 1.3 0.19
Random 0.12 -0.1 0.35 5.15 4 0.27 22% 0.02 1.07 0.28
survived deceased Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bonakdaran 2022 {ID: 8) 1.01 0.45 46 0.91 0.4 24 159% 0.23[0.27,0.72] I B —
Gao 2020 {0: 2) 1.23 0.21 85 1.23 022 34 247% 0.00 [-0.40, 0.40] I a—
Guyen 2021 (1D 9) 1.2 0.34 88 1.04 0.36 ¥ 259% 0.46 [0.07, 0.85) - &
Sohn 2021 {D: 1) 1.23 0.21 85 1.23 0122 34 247% 0.00 [-0.40, 0.40] —
Yazan 2021 {ID:12) 098 025 192 1.08 03 9 B87% -0.28 [0.95, 0.39] I
Total (95% CI) 496 138 100.0% 0.13 [-0.07, 0.33] P
Heterogeneity, Chif= 518, df= 4 (P =0.27) F= 22% 51 —D: p 3 055 15
Test for overall effect Z=1.30(F=0.19) cleéeasecl suwived

Figure 3.21. Fixed effect model result for meta-analysis 11
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.22. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generates a symmetric

figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.22. Funnel plot for meta-analysis 11

Egger’s and Begg’s test results are served in table 3.22. According to Egger’s test, the p-
values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.3994,
funnel plot is in symmetric form and publication bias does not exists. According to Begg’s
test, p = 0.3272, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 3272), so publication bias is not observed.

Table 3.22. Egger’s & Begg’s test results for meta-analysis 11

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
2.6688 -5.9992 to 11.3368 P=0.3994 0.4 P=0.3272

3.2.12. Thyroid Dysfunction and COVID-19 Severity: Meta-Analysis 12 - Thyroid
Dysfunction vs COVID-19 Severity

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exist different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, I> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, I> > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.
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In this meta-analysis Q-value = 9.74, p = 0.14, I* = 38%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using the odds ratio. Standardized mean difference (SMD),
can not be calculated because data is not in continuous form. ES = 4.8, lower limit = 3.03
(95% CI) and upper limit = 7.6 (95% CI) for random effect model. Among the
mild/moderate and severe/critical groups odds ratio for having thyroid dysfunction is 4.8
greater in severe/critical group within the 95% CI (3.03 to 7.6) which means the prognosis

of COVID-19 is more severe in patients having thyroid dysfunction.

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is greater or equal than 0,8 is evaluated as a large relative size. Table 3.23
presents the odds ratio, lower/upper limits, heterogeneity test results and test of null
metrics based on both fixed and random effect models. Figure 3.23 shows the study-based

mean, SD, weight, odds ratio, 95% CI, forest plot for fixed effect model.

Table 3.23. Model-based results for meta-analysis 12

Test of null
95% CI Heterogeneity .
Model OR (2-Tail)
Lower  Upper | Chi? df p-value 12 Tau? | z-value  p-value
Fixed 4.8 3.03 7.6 9.74 6 0.14 38% N/A 6.68 0.0000
Random 491 2.61 9.21 9.74 6 0.14 38%  0.27 4.94 0.0000
severe/critical modarete/mild 0Odds Ratio 0Odds Ratio
Study or Subgroup Events  Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lui 2020 {0 &) 1 f 22 185 B.9%  1.48[017,13.28]
Lui 2021 (D: 13) 1 14 24 383 B7%  3.74[0.98,14.31]
Makarnura 2021 (ID: 15) 77 a4 45 B3 259%  4.40([1.71,11.34] —a—
Sen 2021 (D:14) 5 18 1 42 2.6% 15.77[1.68,147.51]
Sohn 2021 (0 1) a7 ar & 2 30.4% 221 01.20,8.58 —a—
Vassiliadi 2021 (D: 31 a4 ar & 15 20.6% 2.00[0.97,8.24]  —
Wang 2021 (D: 20) 47 53 5 2 49% 2507 [6.73,93.41]
Total (95% CI) 349 711 100.0%  4.80[3.03,7.60] <&
Total events 228 109
Heterogeneity: Chi= 9.74, di= 6 (P=0.14), F=38% f 1 t |
o 0.005 0.1 10 200
Test for overall effect Z = 6.68 (F < 0.00001) modarsteimild seversleritical

Figure 3.23. Fixed effect model result for meta-analysis 12
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Publication Bias

For assessing the publication bias among the studies funnel plot is generated. Ifthe view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.24. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays base to the upper-middle of the graph
which means studies are completed with medium-small sample sizes. Distribution of points
generates a symmetric figure. So, it can be interpreted as publication bias does not take

place.
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Figure 3.24. Funnel plot for meta-analysis 12

Egger’s and Begg’s test results are served in table 3.24. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.14,
funnel plot is in symmetric form and publication bias does not exists. According to Begg’s
test, p = 0.815, and the statistically significant level is evaluated as p < 0.05. P-value for

this test is not statistically significant (0.05 < 0. 815), so publication bias is not observed.

Table 3.24. Egger’s & Begg’s test results for meta-analysis 12

Egger's Test Begg's Test

Intercept 95% CI Significant level Kendall's Tau Significant level
0.3212 -3.0254 to 3.6678 P=0.8150 -0.04762 P =0.8806




75

3.2.13. TFT and COVID-19 Existence: Meta-Analysis 13 - TSH (pIU/mL) vs COVID-

19 Existence

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exist different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, 1> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, I> > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.

In this meta-analysis Q-value = 2.73, p = 0.25, I> = 27%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = -0.39, lower limit = -0.58
(95% CI) and upper limit = -0.2 (95% CI) for random effect model. Among the COVID-19
and non-COVID-19 patients groups, standardized mean TSH difference is 0.39 greater in
non-COVID-19 group within the 95% CI (-0.58 to -0.2).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. Table 3.25 presents the
standardized mean difference, lower/upper limits, heterogeneity test results and test of null
metrics based on both fixed and random effect models. Figure 3.25 shows the study-based
mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
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Table 3.25. Model-based results for meta-analysis 13

Test of null
95% CI Heterogeneity
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed -0.39 -0.58 -0.2 2.73 2 0.25 27%  N/A 4.01 0.000
Random -0.38 -0.6 -0.15 2.73 2 0.25 27%  0.01 2.37 0.001
Covid-19 patients non-Covid-19 patients Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Malik 2021 (10 &) 148 247 48 1.73 2.06 28 16.4% -0.11 [-0.57, 0.36] "

Wassiliadi 2021 (ID: 3) 118 089 102 1.59 1.47 94 447% -0.34 [-0.62,-0.086] —

Wang 2021 (1D: 20) 062 062 g4 1.07 0.94 91 38.9% -0.56 [-0.86,-0.26] s —

Total (95% CI) 234 213 100.0% -0.39 [-0.58, -0.20] el

Heterogeneity: Chi®= 2.73, df= 2 (P =025), F=27% I_1 -DI 5 D DIS 1:
Test for overall effect: Z=4.01 (P = 0.0001) non-Covid-18 patients  Covid-19 patients

Figure 3.25. Fixed effect model result for meta-analysis 13
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.26. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generate a symmetric

figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.26. Funnel plot for meta-analysis 13
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Egger’s and Begg’s test results are served in table 3.26. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.52,
funnel plot is in symmetric form and publication bias does not exists. According to Begg’s
test, p = 0.6015, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 6015), so publication bias is not observed.

Table 3.26. Egger’s & Begg’s test results for meta-analysis 13

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
3.3312 -41.7435 to 48.4059 P=0.52 0.3333 P=0.6015

3.2.14. TFT and COVID-19 Existence: Meta-Analysis 14 - TT3 (ng/dL) vs COVID-19

Existence

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exist different statistical methods to determine heterogeneity. Q-
value —measured as Chi-squared-, 1% value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I* > 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.

In this meta-analysis Q-value = 11.57, p = 0.003, I> = 83%, in forest plot confidence
intervals are overlapping in some studies. So, heterogeneity takes place and random effect
model should be preferred in order to eliminate the errors that emerge from heterogeneity.

Due to p < 0.05, there exists statistically significant difference among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = -0.02, lower limit = -0.49
(95% CI) and upper limit = 0.45 (95% CI) for random effect model. Among the COVID-
19 and non-COVID-19 patients groups, standardized mean TT3 difference is 0.02 greater
in non-COVID-19 group within the 95% CI (-0.49 to 0.45).
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Since, the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the TT3 values and COVID-19 existence.
Table 3.27 presents the standardized mean difference, lower/upper limits, heterogeneity
test results and test of null metrics based on both fixed and random effect models. Figure
3.27 shows the study-based mean, SD, weight, standardized mean difference, 95% CI,

forest plot for random effect model.

Table 3.27. Model-based results for meta-analysis 14

Test of null
95% CI Heterogeneity
Model SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value p-value
Fixed 0.1 -0.09 0.29 1157 2 0.003 83% N/A 1.02 0.31
Random  -0.02 -0.49 0.45 1157 2 0.003 83% 0.14 0.09 0.93
Covid-19 patients non-Covid-19 patients Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Malik 2021 {ID: &) 7462 3371 48 100.21 45,46 28 28.9% -0.66 [-1.14,-0.18] e a—
Wassiliadi 2021 (ID: 3y 87.45 2934 102 8029 4285 94 35.8% 0.20[-0.09,0.48] T
Wang 2021 (1D: 20) 664 20.83 84 5889 2474 91 353% 0.28[-0.02,0.58] |
Total (95% CI) 234 213 100.0% -0.02 [-0.49, 0.45] -’-
Heterogeneity: Tau®=0.14; Chi®=11.57, df= 2 (P = 0.003); = 83% 5_2 I1 b 1! 2!
Testfor overall effect. 2= 0.03 (F = 0.93) non-Covid-19 patients - Covid-19 patients

Figure 3.27. Random effect model result for meta-analysis 14
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of
the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.28. As can be seen from the figure, 66.67% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generates a asymmetric

figure. So, it can be interpreted as publication bias take place.
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Figure 3.28. Funnel plot for meta-analysis 14

Egger’s and Begg’s test results are served in table 3.28. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p = 0.2894,
funnel plot is in symmetric form and publication bias does not exists. According to Begg’s
test, p = 0.6015, and statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 6015), so publication bias is not observed.

Table 3.28. Egger’s & Begg’s test results for meta-analysis 14

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
-9.7585 -70.3579 to 50.8409 P=0.2894 -0.3333 P=0.6015

3.2.15. TFT and COVID-19 Existence: Meta-Analysis 15 - TT4 (mcg/dL) vs COVID-

19 Existence

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As it mentioned in the
introduction section, there exist different statistical methods to determine the
heterogeneity. Q-value —measured as Chi-squared-, I> value -tells the amount of
heterogeneity- and forest plot is observed by using the Review Manager software. If p <
0.05, I > 75% and in forest plot not overlapping the confidence intervals indicates

heterogeneity.
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In this meta-analysis Q-value = 3.67, p = 0.06, I* = 73%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = 0.47, lower limit = 0.22
(95% CI) and upper limit = 0.73 (95% CI) for random effect model. Among the COVID-
19 and non-COVID-19 patients groups standardized mean TT4 difference is 0.47 greater in
COVID-19 group within the 95% CI (0.22 to 0.73).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. Table 3.29 presents the
standardized mean difference, lower/upper limits, heterogeneity test results and test of null
metrics based on both fixed and random effect models. Figure 3.29 shows the study-based

mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
Table 3.29. Model-based results for meta-analysis 15
Test of null
95% CI Heterogeneity .
Model  SMD (2-Tail)
Lower Upper | Chi? df p-value I? Tau? | z-value  p-value
Fixed 0.47 0.22 0.73 3.67 1 0.06 73%  N/A 3.63 0.000
Random 0.39 -0.14 0.92 3.67 1 0.06 73% 0.11 1.45 0.15
Covid-19 patients non-Covid-19 patients Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Malik 2021 (ID: 5) B.67 274 48 6.43 2.44 28 29.8% 0.09[-0.38, 0.56] —
Wang 2021 {1D: 20} T.E9 202 g4 6.39 2.06 91 70.2% 0.63[0.33,0.94] —
Total {95% Cl) 132 119 100.0% 0.47 [0.22, 0.73] -
Heterogeneity: Chif= 3.67, df=1 (P = 0.06); F=73% 52 I1 ; 1'
Testfor overall effect: £= 3.63 (P = 0.0003) non-Covid-19 patients Covid-19 patients

Figure 3.29. Fixed effect model result for meta-analysis 15
Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of

the graph is like a symmetric funnel, it indicates that there is not any bias in the study.
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Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.30. As can be seen from the figure, 100% of point
(studies) locates inside the funnel shape and stays middle of the graph which means studies
are completed with medium sample sizes. Distribution of points generates a symmetric

figure. So, it can be interpreted as publication bias does not take place.
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Figure 3.30. Funnel plot for meta-analysis 15

Egger’s and Begg’s test results are served in table 3.30. According to the Egger’s test, the
p-values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p < 0.0001,
funnel plot is not in symmetric form and publication bias exists. According to Begg’s test,
p = 0.3173, and the statistically significant level is evaluated as p < 0.05. P-value for this

test is not statistically significant (0.05 < 0. 3173), so publication bias is not observed.

Table 3.30. Egger’s & Begg’s test results for meta-analysis 15

Egger's Test Begg's Test

Intercept 95% CI Significant level Kendall's Tau Significant level
-6.7103 -70.3579 to 50.8409 P <0.0001 -1 P=0.3173
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3.2.16. TFT and COVID-19 Existence: Meta-Analysis 16 - TSH (uIU/mL) vs COVID-
19/Healthy Status

Heterogeneity Tests, Statistical Model Selection and Effect Size

Homogeneity and heterogeneity of the studies lead to determining the type of model.
Basically, heterogeneity shows the variety among the studies. As mentioned in the
introduction section, there exist different statistical methods to determine heterogeneity. Q-
value —measured as Chi-squared-, I? value -tells the amount of heterogeneity- and forest
plot is observed by using the Review Manager software. If p < 0.05, I>> 75% and in forest

plot not overlapping the confidence intervals indicates heterogeneity.

In this meta-analysis Q-value = 2.53, p = 0.11, I> = 61%, in forest plot confidence intervals
are overlapping. So, heterogeneity does not take place and fixed effect model is
appropriate to use. Due to p > 0.05, there exists no statistically significant difference

among the studies.

Effect size (ES) is measured by using standardized mean difference (SMD), since the data
is continuous -not binary- odds ratio can not be calculated. ES = -1.08, lower limit = -1.3
(95% CI) and upper limit = -0.87 (95% CI) for random effect model. Among the COVID-
19 patients and non-COVID-19 healthy groups, standardized mean TSH difference is 1.08
greater in COVID-19 patients group within the 95% CI (-1.3 to -0.87).

According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is greater than 0.8, is evaluated as high relative size. Table 3.31 presents the
standardized mean difference, lower/upper limits, heterogeneity test results and test of null
metrics based on both fixed and random effect models. Figure 3.31 shows the study-based
mean, SD, weight, standardized mean difference, 95% CI, forest plot for fixed effect

model.
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Table 3.31. Model-based results for meta-analysis 16

Test of null
95% CI Heterogeneity
Model  SMD (2-Tail)
Lower Upper | Chi*® df p-value I? Tau? | z-value  p-value
Fixed -1.08 -1.3 -0.87 2.53 1 0.11 61% N/A 9.92 0.000
Random -1.2 -1.68 -0.79 2.53 1 0.11 61% 0.08 4.87 0.000

Covid-19 patients

Healthy individuals

Std. Mean Difference

Std. Mean Difference

Testfor overall effect: £2=9.92 (P = 0.00001)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Baldelli 2021 {ID: 7) 074 077 46 1.98 087 20 13.2% -1.83 [2.12,-0.94] —

Wang 2021 (1D 20) 0.62 062 84 155 084 807 BE.A% -1.02 [1.25,-0.79] . B

Total (95% Cl) 130 827 100.0% -1.08 [-1.30, -0.87] <o

Heterogeneity: Chi*= 253, df=1 (P =011}, F=61% t 1 t

t
- 2
Covid-19 patients  Healthy individuals

Figure 3.31. Fixed effect model result for meta-analysis 16

Publication Bias

For assessing the publication bias among the studies funnel plot is generated. If the view of

the graph is like a symmetric funnel, it indicates that there is not any bias in the study.

Since, it is not a quantitive way to interpret and may change person to person, rank

correlation (Begg’s test) and linear regression (Egger’s test) tests are conducted.

Funnel plot is presented in figure 3.32. As can be seen from the figure, 100% of point

(studies) locates inside the funnel shape and stays base and middle of the graph which

means studies are completed with small/medium sample sizes. Distribution of points

generate a symmetric figure. So, it can be interpreted as publication bias does not take

place.
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Figure 3.32. Funnel plot for meta-analysis 16

Egger’s and Begg’s test results are served in table 3.32. According to Egger’s test, the p-

values greater than 0.05, lead to symmetric distribution in funnel plot. Since, p < 0.0001,

funnel plot is not in symmetric form and publication bias exists. According to Begg’s test,

p =0.3173, and statistically significant level is evaluated as p < 0.05. P-value for this test is

not statistically significant (0.05 < 0. 3173), so publication bias is not observed.

Table 3.32. Egger’s & Begg’s test results for meta-analysis 16

Egger's Test Begg's Test
Intercept 95% CI Significant level Kendall's Tau Significant level
-2.8686 N/A P <0.0001 -1 P=0.3173

Effect size and relative size according to Cohen’(1988) for each meta-analysis are

summarized in the table 3.33.
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Table 3.33. Relative Size for meta-analyses

Meta-Analysis Effect Size  Relative Size

Meta-Analysis 1: TSH (uIU/mL) vs COVID-19 Severity 0.3 no
Meta-Analysis 2: FT3 (pg/ml) vs COVID-19 Severity 0.65 medium
Meta-Analysis 3: TT3 (ng/dL) vs COVID-19 Severity 1.19 large
Meta-Analysis 4: FT4 (ng/dL) vs COVID-19 Severity 0.06 no
Meta-Analysis 5: TT4 (mcg/dL) vs COVID-19 Severity 0.02 no
Meta-Analysis 6: Comorbidity (Diabetes) vs COVID-19 Severity 0.46 small
Meta-Analysis 7: Comorbidity (Hypertension) vs COVID-19 Severity 0.36 small
Meta-Analysis 8: TSH (ulU/mL) vs Mortality 0.26 small
Meta-Analysis 9: FT3 (pg/mL) vs Mortality 0.77 medium
Meta-Analysis 10: TT3 (ng/dL) vs Mortality 0.73 medium
Meta-Analysis 11: FT4 (ng/dL) vs Mortality 0.13 no
Meta-Analysis 12: Thyroid Dysfunction vs COVID-19 Severity 4.8 large
Meta-Analysis 13: TSH (WIU/mL) vs COVID-19 Existence -0.39 small
Meta-Analysis 14: TT3 (ng/dL) vs COVID-19 Existence -0.02 no
Meta-Analysis 15: TT4 (mcg/dL) vs COVID-19 Existence 0.36 small

Meta-Analysis 16: TSH (uIU/mL) vs COVID-19/Healthy Status -1.08 large
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4. CONCLUSION, DISCUSSION AND LIMITATIONS

A meta-analysis was conducted on the effects of COVID-19 on thyroid disorders. Under
five main research question, total 16 meta-analyses were completed. Among the 4260
reviewed articles, 13 of them met the inclusion criteria and were added to the meta-
analyses. Correlation, heterogeneity, and publication bias tests were taken into

consideration. For each meta-analyses conclusion are served below.

4.1. CONCLUSION

First research question is trying to discover the TFT and COVID-19 severity relationship.
Focused on TSH, FT3, TT3, FT4, TT4 hormone tests.

TFT and COVID-19 Severity: Meta-Analysis 1: TSH (uIU/mL) vs COVID-19 Severity

Heterogeneity takes place (Q = 49.54, p < 0.00001, I = 84%), random effect model is
used. Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.3
(-0.05 to 0.65). Among the mild/moderate and severe/critical groups standardized mean
TSH difference is 0.3 greater in mild/moderate group within the 95% CI (-0.05 to 0.65).
Due to p < 0.05, there exists statistically significant difference among the studies. Since,
the CI’s of studies passes through the zero axis, interpreting the effect size is not
meaningful. So, no relative size exists between the TSH values and COVID-19 severity.

Publication bias is not observed regards to funnel plot, Egger and Begg tests.
TFT and COVID-19 Severity: Meta-Analysis 2: FT3 (pg/ml) vs COVID-19 Severity

Heterogeneity takes place (Q = 16.19, p = 0.003, I? = 75%), random effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.65
(0.31 to 0.99). Among the mild/moderate and severe/critical groups standardized mean
FT3 difference is 0.65 greater in mild/moderate group within the 95% CI (0.31 to 0.99).
Due to p < 0.05, there exists statistically significant difference among the studies.
According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the

effect size is between 0,5 and 0,8 is evaluated as medium relative size. So, FT3 values
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have medium effect on the COVID-19 severity. Publication bias is not observed regards to

funnel plot, Egger and Begg tests.
TFT and COVID-19 Severity: Meta-Analysis 3: TT3 (ng/dL) vs COVID-19 Severity

Heterogeneity takes place (Q = 45.81, p < 0.00001, I*> = 91%), random effect model is
used. Effect size (ES) is measured by using standardized mean difference (SMD), ES =
1.19 (0.36 to 2.03). Among the mild/moderate and severe/critical groups standardized
mean TT3 difference is 1.19 greater in mild/moderate group within the 95% CI (0.36 to
2.03). Due to p < 0.05, there exists statistically significant difference among the studies.
According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is greater or equal than 0,8 is evaluated as a large relative size. So, TT3 values
have large effect on the COVID-19 severity. Publication bias is observed regards to funnel
plot but not observed regards to Egger and Begg tests.

TFT and COVID-19 Severity: Meta-Analysis 4: FT4 (ng/dL) vs COVID-19 Severity

Heterogeneity takes place (Q = 24.97, p = 0.0003, I = 76%), random effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.06 (-
0.25 to 0.37). Among the mild/moderate and severe/critical groups standardized mean FT4
difference is 0.06 greater in mild/moderate group within the 95% CI (-0.25 to 0.37). Due to
p < 0.05, there exists statistically significant difference among the studies. Since, the CI’s
of studies passes through the zero axis, interpreting the effect size is not meaningful.

Publication bias is not observed regards to funnel plot, Egger and Begg tests.
TFT and COVID-19 Severity: Meta-Analysis 5: TT4 (mcg/dL) vs COVID-19 Severity

Heterogeneity do not takes place (Q = 0.48, p = 0.49 , I = 0%), fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.02 (-
0.38 to 0.42). Among the mild/moderate and severe/critical groups standardized mean TT4
difference is 0.02 greater in mild/moderate group within the 95% CI (-0.38 to 0.42). Due to
p > 0.05, there exists no statistically significant difference among the studies. Since, the
CI’s of studies passes through the zero axis, interpreting the effect size is not meaningful.
Publication bias is not observed regards to funnel plot and Begg test but observed regards

to Egger test.
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In conclusion, TT3 value has large; FT3 value has medium; TSH have small; FT4 and TT4
have very small or no effect on the COVID-19 severity. Among the TFT’s, TT3 has the
biggest and TT4 has the smallest effect on COVID-19 severity Figure 4.1 demonstrates the
effect sizes for each TFT and COVID-19 severity-related meta-analysis.

. Effect Size for TFT and Covid-19 Severity
Effect Size
1.4
1.19
1.2 B TSH (uU/mL) vs Covid-19
Severity
1 mFT3 (pg/ml) vs Covid-19
Severity
0.8 0.65 TT3 (pg/dL) vs Covid-19
Severity
0.6 B FT4 (ng/dL) vs Covid-19
Severity
0.4 B TT4 (mcg/dL) vs Covid-19
Severity
0.2 -
0.06 0.02
0 m

Figure 4.1. Effect size for TFT and COVID-19 severity

Second research question is trying to discover the comorbitity and COVID-19 severity

relationship. Focused on diabeted and hypertension.

Comorbidity and COVID-19 Severity: Meta-Analysis 6: Comorbidity (Diabetes) vs
COVID-19 Severity

Heterogeneity do not takes place (Q = 3.16, p = 0.08 , I> = 68%), fixed effect model is
used. Effect size (ES) is measured by using odds ratio, ES = 0.46 (0.25 to 0.86). Among
the mild/moderate and severe/critical groups odds ratio for diabetes is 0.46 greater in
mild/moderate group within the 95% CI (0.25 to 0.86) which means the prognosis of
COVID-19 is milder in patients having diabetes. Due to p > 0.05, there exists no
statistically significant difference among the studies. According to Cohen’(1988) “Rules-
of-Thumb” for the standardized mean difference if the effect size is between 0,2 and 0,5 is
evaluated as small relative size. So, comorbidity (diabetes) have small effect on the
COVID-19 severity. Publication bias is not observed regards to funnel plot and Begg test
but observed regards to Egger test.
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Comorbidity and COVID-19 Severity: Meta-Analysis 7: Comorbidity (Hypertension) vs
COVID-19 Severity

Heterogeneity do not takes place (Q = 0.27, p = 0.6, I> = 0%), fixed effect model is used.
Effect size (ES) is measured by using odds ratio, ES = 0.36 (0.2 to 0.68). Among the
mild/moderate and severe/critical groups odds ratio for hypertension is 0.36 greater in
mild/moderate group within the 95% CI (0.2 to 0.68) which means the prognosis of
COVID-19 is milder in patients having hypertension. Due to p > 0.05, there exists no
statistically significant difference among the studies. According to Cohen’(1988) “Rules-
of-Thumb” for the standardized mean difference if the effect size is between 0,2 and 0,5 is
evaluated as small relative size. So, comorbidity (hypertension) have small effect on the
COVID-19 severity. Publication bias is not observed regards to funnel plot, Begg and
Egger tests.

In conclusion, diabetes and hypertension comorbidities has small effect on the COVID-19
severity. Having diabetes has more effect on COVID-19 severity than having hypertension.
Diabetes is very near the medium effect threshold (0.5 < ES < 0.8). Figure 4.2
demonstrates the effect sizes for each comorbidity and COVID-19 severity-related meta-

analysis.

Effect Size Effect Size for Comorbidity and Covid-19 Severity
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Figure 4.2. Effect size for comorbidity and COVID-19 severity

Third research question is trying to discover the TFT and mortality rates by COVID-19
relationship. Focused on TSH, FT3, TT3, FT4 hormone tests.
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TFT and Mortality Rates by COVID-19: Meta-Analysis 8: TSH (ulU/mL) vs Mortality

Heterogeneity do not takes place (Q = 2.04, p = 0.73, I? = 0%), fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.26
(0.05 to 0.47). Among the survived and deceased groups standardized mean TSH
difference is 0.26 greater in the survived group within the 95% CI (0.05 to 0.47).
According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. Due to p > 0.05, there
exists no statistically significant difference among the studies. According to Cohen’(1988)
“Rules-of-Thumb” for the standardized mean difference if the effect size is between 0,2
and 0,5 is evaluated as small relative size. So, TSH values have small effect on the
COVID-19 mortality. Publication bias is not observed regards to funnel plot, Begg and
Egger tests.

TFT and Mortality Rates by COVID-19: Meta-Analysis 9: FT3 (pg/mL) vs Mortality

Heterogeneity do not takes place (Q = 4.31, p = 0.77, I> = 54%) fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.77
(0.49 to 1.06). Among the survived and deceased groups standardized mean FT3 difference
is 0.77 greater in survived group within the 95% CI (0.49 to 1.06). According to
Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the effect size is
between 0,5 and 0,8 is evaluated as medium relative size. So, FT3 values have medium
effect on the COVID-19 mortality. Publication bias is not observed regards to funnel plot,
Begg and Egger tests.

TFT and Mortality Rates by COVID-19: Meta-Analysis 10: TT3 (ng/dL) vs Mortality

Heterogeneity do not takes place (Q = 1.16, p = 0.28, I> = 54%) fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.73
(0.41 to 1.05). Due to p > 0.05, there exists no statistically significant difference among the
studies. Among the survived and deceased groups standardized mean TT3 difference is
0.73 greater in survived group within the 95% CI (0.41 to 1.05). According to
Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the effect size is
between 0,5 and 0,8 is evaluated as medium relative size. So, TT3 values have medium
effect on the COVID-19 mortality. Publication bias is not observed regards to funnel plot
and Begg test, but observed in Egger test.
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TFT and Mortality Rates by COVID-19: Meta-Analysis 11: FT4 (ng/dL) vs Mortality

Heterogeneity do not takes place (Q = 5.15, p = 0.27, I> = 22%) fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.13 (-
0.07 to 0.33). Due to p > 0.05, there exists no statistically significant difference among the
studies. Among the survived and deceased groups standardized mean FT4 difference is
0.13 greater in survived group within the 95% CI (-0.07 to 0.33). Since, the CI’s of studies
passes through the zero axis, interpreting the effect size is not meaningful. So, no relative
size exists between the FT4 and COVID-19 mortality. Publication bias is not observed

regards to funnel plot, Egger and Begg tests.

Fourth research question is trying to discover the thyroid dysfunction vs COVID-19
severity relationship. Thyroid dysfunction evaluated as non-thyroidal illness syndrome
(NTIS), subclinical thyrotoxicosis, thyrotoxicosis, overt thyrotoxicosis, hypothyroidism,
overt hypothyroidism, subclinical hypothyroidism, subnormal TSH, low FT3, high FT3,
low FT4 and high FT4.

In conclusion, FT3, TT3 have medium; TSH has small; FT4 has very small or no effect on
the COVID-19 severity. FT3 and TT3 are extremely near the large effect threshold (0.8 <
ES). Figure 4.3 demonstrates the effect sizes for each TFT and COVID-19 mortality-

related meta-analysis.
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Figure 4.3. Effect size for TFT and COVID-19 mortality
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Thyroid Dysfunction and COVID-19 Severity: Meta-Analysis 12: Thyroid Dysfunction
vs COVID-19 Severity

Heterogeneity do not takes place (Q = 9.74, p = 0.14, I? = 38%)), fixed effect model is used.
Effect size (ES) is measured by using odds ratio, ES = 4.8 (3.03 to 7.6). Among the
mild/moderate and severe/critical groups odds ratio for having thyroid dysfunction is 4.8
greater in severe/critical group within the 95% CI (3.03 to 7.6) which means the prognosis
of COVID-19 is more severe in patients having thyroid dysfunction. Due to p > 0.05, there
exists no statistically significant difference among the studies. According to Cohen’(1988)
“Rules-of-Thumb” for the standardized mean difference if the effect size is greater or equal
than 0,8 is evaluated as a large relative size. So, having thyroid dysfunction have large
effect on the COVID-19 severity. Publication bias is not observed regards to funnel plot,
Begg and Egger tests.

Fifth research question is trying to discover the TFT and COVID-19 existence relationship.
Focused on TSH, TT3, FT4 hormone tests. TSH, TT3, TT4 values for COVID-19 and non-
COVID-19 patients. In addition, TSH value is investigated on COVID-19 and healthy

individuals.

TFT and COVID-19 Existence: Meta-Analysis 13: TSH (uIlU/mL) vs COVID-19

Existence

Heterogeneity do not takes place (Q = 2.73, p = 0.25, I = 27%), fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES =-0.39 (-
0.58 to -0.2). Among the COVID-19 and non-COVID-19 patients groups, standardized
mean TSH difference is 0.39 greater in non-COVID-19 group within the 95% CI (-0.58 to
-0.2). Due to p > 0.05, there exists no statistically significant difference among the studies.
According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. So, TSH values have
small effect on the COVID-19 existence. Publication bias is not observed regards to funnel

plot, Begg and Egger tests.
TFT and COVID-19 Existence: Meta-Analysis 14: TT3 (ng/dL) vs COVID-19 Existence

Heterogeneity do not takes place (Q = 11.57, p = 0.003, I = 83%), random effect model is
used. Effect size (ES) is measured by using standardized mean difference (SMD), ES = -
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0.02 (-0.49 to 0.45). Among the COVID-19 and non-COVID-19 patients groups,
standardized mean TT3 difference is 0.02 greater in non-COVID-19 group within the 95%
CI (-0.49 to 0.45). Since, the CI’s of studies passes through the zero axis, interpreting the
effect size is not meaningful. So, no relative size exists between the TT3 values and
COVID-19 existence. Publication bias is not observed regards to funnel plot, Begg and
Egger tests.

TFT and COVID-19 Existence: Meta-Analysis 15: TT4 (mcg/dL) vs COVID-19

Existence

Heterogeneity do not takes place (Q = 3.67, p = 0.06, I> = 73%) fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = 0.47
(0.22 t0 0.73). Due to p > 0.05, there exists no statistically significant difference among the
studies. Among the COVID-19 and non-COVID-19 patients groups standardized mean
TT4 difference 1s 0.47 greater in COVID-19 group within the 95% CI (0.22 to 0.73).
According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean difference if the
effect size is between 0,2 and 0,5 is evaluated as small relative size. So, TT4 values have
small effect on the COVID-19 existence. Publication bias is not observed regards to funnel

plot and Begg test, but observed in Egger test.

TFT and COVID-19 Existence: Meta-Analysis 16: TSH (ulU/mL) vs COVID-
19/Healthy Status

Heterogeneity do not takes place (Q = 2.53, p = 0.11, I> = 61%) fixed effect model is used.
Effect size (ES) is measured by using standardized mean difference (SMD), ES = -1.08 (-
1.3 to -0.87). Due to p > 0.05, there exists no statistically significant difference among the
studies. Among the COVID-19 patients and non-COVID-19 healthy groups, standardized
mean TSH difference is 1.08 greater in COVID-19 patients group within the 95% CI (-1.3
to -0.87). According to Cohen’(1988) “Rules-of-Thumb” for the standardized mean
difference if the effect size is greater than 0.8, is evaluated as high relative size. So, TSH
values have large effect on the COVID-19/healthy individuals. Publication bias is not
observed regards to funnel plot and Begg test, but observed in Egger test.

In conclusion, TSH, TT4 have small and TT3 has very small or no effect on COVID-19 vs
other diseased’ patients. Despite that, TSH has large effect on COVID-19 patients vs
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healthy individuals. Figure 4.4 demonstrates the effect sizes for each TFT and COVID-19

existence-related meta-analysis.
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Figure 4.4. Effect size for TFT and COVID-19 existence

4.2. DISCUSSION & RELATED WORKS

While having the literature review also previous meta-analyses are examined coming from

the used search queries in PubMed and Science Direct.

Llamas (2021) conducted a meta-analysis with 7 studies, 1183 patients from Turkey,
Israel, China and Italy. Observed FT3 levels among the ICU and non-ICU admitted
COVID-19 patients, FT3 levels between deceased/survived COVID-19 patients and
low/normal FT3 levels on deceased/survived COVID-19 patients. He came up with a result
as, both ICU-admitted (WMD = —0.91, 95% CI: —1.08; —0.73) and deceased (WMD =
—1.33, 95% CI: —2.03; —0.64) COVID-19 patients had lower FT3 levels than non-ICU
admitted and survived ones. So, FT3 levels are dramatically lower in severe COVID-19

patients than in non-severe. [70]

Chen (2022) conducted a meta-analysis with 20 studies, 3609 patients from Italy, China,
Turkey, UK, Israel, Greece, India, Brasil, Korea and Spain. Observed relationship between
the FT3, TSH, FT4 levels vs COVID-19 severity and mortality. He came up with a result
as, thyroid disorders are more common in severe COVID-19 patients and mortality rates

are higher; FT3, TSH levels are lower in severe COVID-19 patients; FT4 levels do not
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have significant effect on COVID-19 severity. Also, deceased/survived status shows the
same characteristics. In conclusion, low FT3 and TSH levels may increase the mortality

rates and causes more severe COVID-19. [71]

Permana (2022) conducted a meta-analysis and meta-regression with 20 studies, 24734
patients. Observed relationship between the comorbitities (coronary artery
disease/cardiovascular disease (CAD/CVD), chronic obstructive pulmonary disease
(COPD), diabetes mellitus (DM), hypertension) vs severity, hospitalization, mortality and
ICU admission of COVID-19. He came up with the result as, thyroid disorders increase the
COVID-19 severity, mortality, ICU admission and hospitalization. Meta-regression results
showed age, hypertension but not DM, CAD/CVD, gender, COPD, obesity affects the

association. [72]

Damara (2021) conducted a meta-analysis and meta-regression with 21 studies, 31339
patients. Observed relationship between thyroid disorders vs severity, hospitalization,
mortality and ICU admission of COVID-19. He came up with the result as, thyroid
disorders increase the COVID-19 severity, mortality, ICU admission and hospitalization.
Meta-regression results showed age affects the association. Hypothyroidism and not

normal thyroid —not hyperthyroidism- are associated with poor COVID-19 outcomes. [73]

All in all, Llamas (2021) work has resulted in ICU-admitted, deceased and severe COVID-
19 patients having lower FT3 levels. Present study indicates that FT3 has medium effect on
COVID-19 severity and medium-large effect on COVID-19 related-mortality. Among the
mild/moderate and severe/critical groups standardized mean FT3 difference is 0.65 greater
in mild/moderate group within the 95% CI (0.31 to 0.99). Among the survived and
deceased groups standardized mean FT3 difference is 0.77 greater in survived group within

the 95% CI (0.49 to 1.06). Present study’ results are similar to Llamas’ (2021) result.

Chen (2022) work has resulted in thyroid disorders increasing the mortality and severity of
COVID-19, low FT3 and TSH levels may increase the mortality rates and causes more
severe COVID-19 —FT4 has no effect-. Present study is just able to assess thyroid disorder
and COVID-19 severity due to the limitation in data. Indicates that thyroid dysfunction
have large effect on the COVID-19 severity. Among the mild/moderate and severe/critical
groups odds ratio for having thyroid dysfunction 4.8 greater in severe/critical group within

the 95% CI (3.03 to 7.6) which means the prognosis of COVID-19 is more severe in
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patients having thyroid dysfunction. TSH values have no effect on the COVID-19 severity.
Among the mild/moderate and severe/critical groups standardized mean TSH difference is
0.3 greater in mild/moderate group within the 95% CI (-0.05 to 0.65). Since, in the forest
plot the CI's of studies passes through the zero axis, interpreting the effect size is not
meaningful. TSH values have small effect on the COVID-19 related mortality. Among the
survived and deceased groups standardized mean TSH difference is 0.26 greater in the
survived group within the 95% CI (0.05 to 0.47). Similar to Chen’ (2022) output, the
current study presents FT4 have no effect on COVID-19 severity and mortality but, FT3
related outcomes similar to Chen’ (2022) study. TSH related outcomes are contradict with

Chen’ (2022).

Permana (2022) and Damara (2021) studies have resulted in the same conclusion: thyroid
disorders increase the COVID-19 severity, mortality, ICU admission and hospitalization.
The present study is just able to assess thyroid disorder and COVID-19 severity due to the
limitation in data and ended with similar outputs to them. Indicates that thyroid
dysfunction have large effect on the COVID-19 severity. Among the mild/moderate and
severe/critical groups odds ratio for having thyroid dysfunction 4.8 greater in
severe/critical group within the 95% CI (3.03 to 7.6) which means the prognosis of
COVID-19 is more severe in patients having thyroid dysfunction.

In conclusion, it is shown that thyroid dysfunction patients tend to undergo more severe
COVID-19. TSH, FT4, TT4 values have no effect on COVID-19 severity. Also, FT4
values was not affect COVID-19-related mortality. Patients with higher TF3 and TT3
levels tend to undergo milder COVID-19. Moreover, the chance of surviving from

COVID-19 gets increases.

4.3. LIMITATIONS

There were several limitations of the presented meta-analyses work. First of all, in
publication bias assessment, fewer studies containing meta-analyses, evaluation of either
having bias or not, changes for each funnel plot, Egger and Begg tests. According to Nik
(2012), in moderate bias both Egger and Begg acts well but their precision is low in small

meta-analysis. [74]
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Second of all, quality score of all meta-analyses was resulted as “low”. Including
observational studies (cohort, cross-sectional) and due to the limitations in terms of time,
some studies have been done with insufficient or unbalanced sample groups, populations,

demographic structures etc. resulted as lower reliability levels.

Third of all, since each study focused on different aim and outcome, trying to combine
them is difficult and resulted as small sample sizes are low rather than previous meta-
analyses works. Also, thyroid hormone units, type of statistical measure (mean, median)
given and COVID-19 severity classification (mild, moderate, severe etc.) differs from
study to study. Converting them to a single measure is the biggest challenge during this

work.
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APPENDIX A: QUALITY SCORE ASSESSMENT OF THE STUDIES
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