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Background: This study was to analyze the correlation between abnormal thyroid function detection
and thyroid autoimmune disease, so as to provide theoretical guidance for clinical diagnosis of thyroid
autoimmune disease.

Methods: The Chinese databases were searched with a combination of words “thyroid”, “thyroid

” o« ” o«

autoimmune disease”, “thyroid function testing”, “meta-analysis”. The entire database was searched in

” o«

English language databases with the search terms “thyroid”, “thyroid autoimmune disease”, “thyroid
function test “, “meta-analysis”. Review manager software was applied for meta-analysis.

Results: A total of 8 articles were finally included. 4 articles reported the T3 level, showing P=0.95, I’=0%,
odds ratio (OR) =2.39, 95% confidence interval (CI): 0.79-7.25; 3 articles reported the T4 levels, showing
P=0.81, I’=0%, OR =2.16, 95% CI: 0.43-10.71; and 4 articles reported the thyroid stimulating hormone
(TSH) level, showing P=0.48, ’=0%, OR =3.20, 95% CI: 1.45-7.07.

Discussion: After a systematic review of the literature, a significant difference was found in T3 and TSH
levels between patients with autoimmune thyroid disease and those with a healthy thyroid, but the difference

in T4 level was not significant.
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Introduction of sugars, lipids as well as proteins, affecting human

growth and development (2). The thyroid gland secretes

The thyroid is an endocrine organ and the gland of calcitonin, regulates the body calcium phosphorus balance,

traditional Chinese medicine in vertebrates, which is the and secretes thyroid hormone is able to promote growth

largest endocrine gland in the human body. Located beneath and development. When thyroid function is abnormal, the

the thyroid cartilage in the mammalian neck, on both sides main diseases include hyperthyroidism, hypothyroidism,

of the trachea (1). The human thyroid gland has a shape
such as a shield thyroid, and is therefore called the thyroid
gland. The thyroid gland regulates the body’s calcium and
phosphorus balance, promotes growth and development,

increases energy metabolism, and regulates the metabolism
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thyroid inflammation, goiter, and thyroid tumors. Thyroid
autoimmune diseases, which refer to diseases in which
the body develops an immune response to self antigens,
resulting in damage to its own tissue, are thyroid diseases
that result from disturbances in the autoimmune system (3).
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Thyroid autoimmune diseases are mainly caused by
abnormal self antigens, immune dysregulation, genetics and
other factors. Thyroid autoimmune diseases occur more
often in women and less frequently in men (4).

The symptoms of thyroid autoimmune diseases are
mainly hyperthyroidism, fever, hair loss, fatigue, oral ulcers,
and insomnia. Patients with abnormal thyroid function
are more likely to have thyroid autoimmune diseases than
normal people (5). With the development of modern
medical technology, more and more people begin to pay
attention to their health. Patients who were not checked
out due to the relative shortage of medical conditions in the
past have also been diagnosed due to the development of
science and technology and economic progress. Therefore,
patients who have been diagnosed have gradually increased
in recent years (6). In hyperthyroidism or hypothyroidism,
the levels of hormones secreted by the gland into the
circulation are altered accordingly, multiple antibodies are
present in the serum of patients with autoimmune thyroid
diseases, and current clinical programs for thyroid function
testing generally include T3, T4, TSH (thyroid-stimulating
hormone), and so on (7). The thyroid can promote cell
differentiation and maintain metabolic balance in the body.

T3 and T4 are iodinated tyrosine residues on
Thyroidglobulin (Tg) in thyroid follicular epithelial cells.
The main daily product of the thyroid gland is T4, and
its output is about 10-20 times that of T3, but its affinity
with nuclear receptors is one-tenth that of T3, so T3 has
a stronger physiological activity. Almost all T3 and T4 are
combined in the blood. About three-quarters are bound
to globulin, and the remaining quarter is bound to other
plasma proteins. Free and non-protein-bound thyroid
hormone has physiological activity. The only source of
endogenous T4 depends on the secretion of the thyroid
gland. The secretion of thyroid T3 accounts for one-fifth,
and the remaining four-fifths are transformed by T4 by
deiodinase (8). Therefore, T4 can be referred to as the
precursor of T3. When the human body does not have
enough iodine intake, the thyroid gland will give priority
to the synthesis of T3. TSH is secreted by the pituitary
gland, and the specific location is in the lower anterior lobe.
The level of TSH and its activity change inversely with the
concentration of thyroxine, which is an important indicator
of hyperthyroidism and hypothyroidism (9).

In this paper, the subjects with thyroid autoimmune
diseases were tested for abnormalities in their thyroid
function, and a meta-analysis of the correlation between
the two was performed. In this study, we selected articles
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published since the construction of the library about the
correlation between abnormal thyroid function tests and
thyroid autoimmunity, comprehensively analyzed and
evaluated them, and summarized the correlation between
them, so as to further explore and provide theoretical
guidance for better diagnosis of thyroid autoimmune
diseases in the clinic.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3534).

Methods
Literature search

This meta-analysis used an intelligent computer to conduct
a comprehensive search on the China Knowledge Network
(CNKI) database, China Biomedical Literature Database,
Wanfang Database, Weipu Database, Baidu Academic,
CMCI, Medline, Embase, PubMed, and other databases.

The articles were retrieved from the database, which
were published from the establishment of the database
to August 1, 2021, to analyze the correlation between
abnormal thyroid function detection and thyroid
autoimmunity. The compound logic retrieval and Boolean
logic retrieval were adopted to select the related documents.
In the Chinese database, the words “thyroid”, “thyroid
autoimmune diseases”, “thyroid function testing”, and
“meta-analysis” were used to combine each word, and then
all the documents were searched. In the English database,
the “Thyroid”, “Thyroid autoimmune disease”, “Thyroid
function test”, and “Meta-analysis” were undertaken as
search terms to search the entire database. This study
was based on the Rev Man 5.3 software provided by the
Cochrane system to evaluate the quality of the literature.

For the several vocabularies listed in the previous
paragraph, they were combined in multiple ways and then
the articles were searched. After this step was repeated many
times, the references would be finalized. A search engine
was adopted to track the last included articles to obtain
complete information. It should read the contents of the
articles carefully, and then record the general information
to obtain complete information. If there was no complete
information in the article, the authors of the articles should
be contacted as soon as possible to obtain the information
for record. At the same time, it was necessary to get in
touch with professional practitioners and industry experts in
the field to obtain the latest research progress.
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Literature inclusion and exclusion criteria

Inclusion criteria were given as follows: (I) the included
article was a randomized controlled study; (I) the language
of the final included article was English; (III) the included
research subjects were patients with thyroid autoimmune
disease; (IV) the patient cooperated with the doctor’s follow-
up diagnosis and treatment, and the index of pathological
analysis was within the 95% confidence interval (CI).

Exclusion criteria were as follows: I. the articles
mentioning the research object with other thyroid diseases;
IL. articles which were duplicated or without complete data;
III. case-control studies, relevant conference materials,
literature reviews, individual case research reports, lectures,
and review literature; IV. patients who had taken iodine-
containing drugs; and patients who had used drugs that
affect the thyroid.

After the final obtained documents were read through
by two experts, the topics, abstracts, and full texts were
read through, and then a comprehensive screening was
performed. Before screening, three preliminary experiments
were required. The two experts each gave their final
opinions. If the final conclusions were inconsistent, it
should discuss again to obtain a consistent conclusion. If the
results can’t be discussed, it could seek the help of a third
party to obtain consistent comments.

Observation indexes

The result indicators were whether the T3 level, T4 level,
and T'SH level were abnormal.

Data extraction

The final selected articles would be screened by two
professionals in the industry after reading the full text of
the article, and three pre-experiments would be done before
screening. If the opinions of the two experts diverged, they
needed to be discussed again to come up with a consistent
conclusion. If it failed to get a consistent conclusion, it could
seek third-party advice to give a consistency evaluation. The
general data of the extracted article included: I. the name
of the first author; II. the publication year of the article; II1.
the sample size of the literature experimental group; IV. the
sample size of the literature control group; and V. whether
the T3 level, T4 level, and TSH level were abnormal.
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Bias rvisk and quality assessment

Two industry experts conducted a bias risk assessment on
the final included articles, and needed to communicate and
discuss or find a third party to finally obtain a consistency
evaluation. This meta-analysis was a quality assessment
based on the recommendations given by the National
Institute of Clinical Excellence (NICE). The scores ranged
from 0-8 points, and the scores for high-quality research
documents were 6-8 points; those that were evaluated
as medium-quality were scored 3-6 points; those that
were evaluated as low-quality were scored 0-2 points.
The finally obtained articles were submitted to two
researchers to evaluate the quality separately. When there
was a disagreement, it could discuss and get a consistent
conclusion. If a consistent conclusion could not be
obtained, it should promptly obtain the help of a third party
to give the conclusion. When the risk bias of the article was
evaluated, two professionals judged the various indicators
of the included articles. There were three results, namely
“high risk bias”, “low risk bias”, and “unclear”. When the
opinions were inconsistent, it could seek third-party help
in time after the discussion fails, and then give a consistent
result.

Statistical analysis

In this study, the statistical analysis software StataSE14.0
was used to combine the effect size. The effect size indicator
of the binary variable was the odds ratio (OR); the effect size
indicator of the continuous variable was the standardized
mean difference (MD). Meta-analysis needed to be tested
for heterogeneity. When the result of heterogeneity test
was P>0.1 and I’<50%, it indicated that the difference was
not significant and homogeneity, so the fixed effects model
(FEM) was used for meta-analysis. When the heterogeneity
test of meta-analysis was P<0.1 and I’>50%, the researched
articles were not homogeneous, and the heterogeneity was
significant, so the random effects model (REM) was used
in the meta-analysis. In this way, the heterogeneity can
be reduced as much as possible in the calculation, and the
comprehensive influence on the results of the literature
research can be reduced, thereby promoting the reliability
of the results. When the risk bias of articles was evaluated,
the Rev Man 5.3 software was used to evaluate the risk of
bias, and 95% CI was used for each indicator effect.
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Figure 2 Results of quality assessment of included articles
according to National Institute of Clinical Excellence (NICE)

scoring criteria.

Results
Search results and basic information of included articles

When the articles were searched, a combination strategy
was adopted. The search results showed that 300 articles
were obtained from the English database and 226 articles
were obtained from the Chinese database, with a total of
526 articles. After 300 duplicate articles were excluded,
226 articles remained. After the titles and abstracts of
the articles were read, 101 articles were screened and
125 articles remained. After the contents of the articles were
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read, 117 articles were deleted, and 8 articles were finally
included. Meta-analysis of these articles was performed.
The entire retrieval process was shown in Figure I below.

Figure 2 was a diagram of the quality evaluation results
based on the recommendations of the National Institute of
Clinical Optimization in the United Kingdom. 6 articles
scored 6-8 points, accounting for 75%; 1 article scored
3-5 points, accounting for 12.5%; and 1 article scored
0-2 points, accounting for 12.5%. After the process of
screening, there were finally 8 articles remaining, which
met the inclusion criteria. The total number of samples was
4,383 cases. It should record the general data of patients
in 8 articles, including the name of the first author of the
article, the publication year of the article, sample size, and
outcome indicators. As shown in Tuable 1 below, it was the
general information of the research objects included in the
articles.

Risk bias evaluation results

Figure 3 and Figure 4 show the risk bias diagram of the ten
finally included documents drawn by Review manager 5.3
software, Figure 3 shows the risk bias evaluation diagram
of the finally included documents, and Figure 4 shows the
corresponding multiple risk bias evaluation results of the
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Table 1 Basic information of the included articles

Xiao et al. Meta-analysis of abnormal thyroid test and autoimmunity

First author Year of publication Sample size Age (years old) Outcome indicator
AlAhmed O (10) 2020 1,285 - @)
Jonsdottir B (11) 2017 2,433 10-15 OB
Katahira M (12) 2018 154 61-75 ©)
Kosmeri C (13) 2019 10-15 3
Kyrgios | (14) 2020 149 - ©)

Osorio JC (15) 2017 - ®

Song J (16) 2019 136 - )
Sovetkina A (17) 2020 126 40.8+1.1 0O)

(D T3; 2) T4; (3) TSH (thyroid-stimulating hormone).

Random sequence generation (selection bias) -

Allocation concealment (selection bias) -

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias

. Low risk of bias

Figure 3 Risk bias assessment chart for the final 8 articles.

finally included documents.

Meta-analysis of T3 level in detection of thyroid
dysfunction

Among the 8 articles that were finally included, there
were 4 articles that reported the detection of T3 levels. As
shown in Figure 5 below, the results of the Meta-analysis
showed that the heterogeneity was not significant (P=0.95,
I’=0%), so the FEM was used. As shown in the figure, the
OR value was 2.39 and 95% CI was 0.79-7.25. The results
showed that patients with thyroid autoimmune disease had
abnormal T3 levels compared with patients with normal
thyroid function (Z=1.54, P=0.12). Figure 6 below was a
graph of publication bias evaluation. In 4 articles, the OR
value was set as the horizontal plane, the standard error was
the vertical plane, and the funnel chart was drawn. As shown
in Figure 6, the circles on both sides of the midline were
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D Unclear risk of bias

r T T T 1
0% 25% 50% 75% 100%

[l High risk of bias

distributed asymmetrically, indicating that the included
4 articles may have publication bias.

Meta-analysis of T4 level in in detection of thyroid
dysfunction

Among the 8 articles finally included, there were 3 that
reported the detection of T4 levels. As shown in Figure 7
below, the results of the Meta-analysis showed that the
heterogeneity was not significant (P=0.81, ’=0%), so the
FEM was used. The results of the analysis showed that the
OR value was 2.16 and 95% CI was 0.43-10.71, and there
was no significant difference between the two groups. The
T4 level of patients with thyroid autoimmune disease was
basically unchanged from that of patients with normal
thyroid function (Z2=0.94, P=0.35). Figure 8§ below was a
graph of publication bias evaluation. In 3 studies, after the
T3 level of patients with thyroid autoimmune diseases was
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Figure 4 Results of multiple risk bias of included 10 articles.

analyzed, the OR value was set as the horizontal plane, the
standard error was the vertical plane, and the funnel chart
was drawn. As shown in Figure 8, the circles on both sides
of the midline were distributed asymmetrically, indicating
that the three included articles may have publication bias.

Meta-analysis of TSH level in detection of thyroid
dysfunction

Among the 8 articles finally included, there were 4 that
reported the detection of TSH levels. As shown in Figure 9
below, the results of the Meta-analysis showed that the
heterogeneity was not significant (P=0.48, I’'=0%), so the
FEM was used, and the difference between the two groups
was significant. The results of the analysis showed that
the OR value was 3.20 and 95% CI was 1.45-7.07, and
patients with thyroid autoimmune disease had abnormal
T3 levels compared with patients with normal thyroid
function (Z=2.88, P=0.004). Figure 10 below was a graph of
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publication bias evaluation. In 4 articles, after the T'SH level
of patients with thyroid autoimmune diseases was analyzed,
the OR value was set as the horizontal plane, the standard
error was the vertical plane, and a funnel chart was drawn.
As shown in Figure 10, the distribution of circles on both
sides of the midline was asymmetrical, indicating that the
included 4 articles may have publication bias.

Discussion

With the development of medicine, the probability of disease
being discovered also increases, which makes the treatment
method more reasonable and efficient. Thyroid is more
likely to be the target organ for autoimmune diseases (18).
If the autoimmune system is disordered, attacking the
thyroid can easily induce various thyroid diseases, such as
Hashimoto’s thyroiditis. The immune system disorder rate
of women is higher than that of men, which may also be
related to mental factors, because poor mental state can
actually induce immune system disorders (19). At present,
the incidence of thyroid diseases in my country is 50.96%,
and the prevalence of abnormal thyroid function is 15.22%.
Thyroid autoimmune diseases are quite different among
different ethnic groups, and this difference may be related
to genetic factors, environmental factors, dietary patterns,
lifestyles, and economic development (20). The survey
results of the correlation between iodine nutrition and the
prevalence of thyroid diseases show that the prevalence of
subclinical hypothyroidism will increase with the increase
of iodine intake. The significant increase in the prevalence
of subclinical hypothyroidism is related to the increase
in the national TSH level. With the increase of iodine
intake, TSH levels gradually increase, and the prevalence of
hyperTSHemia also increases. Further analysis of thyroid
autoantibodies found that the significant increase in the
prevalence of subclinical hypothyroidism has nothing to
do with thyroid autoimmunity; and only non-autoimmune
subclinical hypothyroidism will increase with the increase
of iodine intake. Iodine excess is only related to clinical
hyperthyroidism and subclinical hypothyroidism, while
iodine deficiency is related to most thyroid diseases. The
risk of iodine deficiency exceeds iodine excess. Therefore, it
is necessary to insist on eating iodized salt while controlling
thyroid diseases. After the articles were retrieved, 8 articles
were finally included. The quality of articles was evaluated,
6 articles scored 6-8 points, accounting for 75%; 1 article
scored 3-5 points, accounting for 12.5%; and 1 article
scored 0-2 points, accounting for 12.5%. The total number
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight V. Fixed, 95% CI IV, Fixed, 95% CI
AlAhmed 2020 0.9163 0.8589 43.5% 2.50 [0.46, 13.46] i
Jonsdottir 2017 0.4463 1.2535 20.4% 1.56[0.13, 18.23] =
Katahira 2018 0.7484 1.1783 23.1% 2.11[0.21,21.28] -
Sovetkina 2020 1.6094 1.5743 12.9% 5.00[0.23, 109.40] - >
Total (95% Cl) 100.0%  2.39[0.79, 7.25] i
ity Chi2 = = = S12= Q9 I } t i
Heterogeneity: Chi? = 0.35, df = 3 (P = 0.95); I? = 0% 0.01 01 1 10 100

Test for overall effect: Z=1.54 (P = 0.12)

Favours [experimental] Favours [control]

Figure 5 Forest diagram of T3 level in thyroid function tests. CI, confidence interval.

0.0

0.01 0.1 1 10 100
OR

Figure 6 Funnel diagram of publication bias of T3 level in thyroid
function tests. OR, odds ratio; SE, standard Error (SE).

of samples was 4383 cases. Among the 8 articles that were
finally included, there were 4 articles that reported the
detection of T3 levels. The results of Meta-analysis showed
that its heterogeneity was not significant (P=0.95, I’=0%), so
a FEM was used. As shown in the figure, the OR value was
2.39 and 95% CI was 0.79-7.25, and the results showed that
patients with thyroid autoimmune disease had abnormal T3
levels compared with patients with normal thyroid function
(Z=1.54, P=0.12). Among the 8 articles finally included,
there were 3 articles that reported the detection of T4
levels. As shown in Figure 7, the results of the Meta-analysis
showed that the heterogeneity was not significant (P=0.81,
I’=0%), so the FEM was used. The results of the analysis
showed that the OR value was 2.16 and 95% CI was 0.43—
10.71, and there was no significant difference between the
two groups. There was basically no change in the T4 level
of patients with thyroid autoimmune disease compared with
patients with normal thyroid function (Z=0.94, P=0.35).
Among the 8 articles finally included, there were 4 articles
that reported the detection of TSH levels. As shown in
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Figure 9, the results of the Meta-analysis showed that the
heterogeneity was not significant (P=0.48, I’=0%), so the
FEM was used, and the difference between the two groups
was significant. The results of the analysis showed that the
OR value was 3.20 and 95% CI was 1.45-7.07, and patients
with thyroid autoimmune disease had abnormal T3 levels
compared with patients with normal thyroid function
(Z=2.88, P=0.004). After the T3, T4, and TSH levels of
patients with thyroid autoimmune disease were analyzed,
the OR value was set as the horizontal plane, the standard
error was the vertical plane, and the funnel chart was drawn.
The distribution of circles on both sides of the midline was
asymmetrical, indicating that the included literature may
have publication bias.

Conclusions

This meta-analysis study used compound logic retrieval
and Boolean logic retrieval, and a total of 8 articles were
included to analyze the correlation between thyroid
autoimmune diseases and abnormal thyroid function tests.
The results revealed that the abnormal analysis of thyroid
function detection showed that patients with thyroid
autoimmune disease had greater differences in T3 levels
compared with healthy thyroid patients, T4 levels were not
significantly different, and TSH levels were significantly
different. However, there were some limitations in this
study. The reasons may include a small number of patient
samples, or because the patient has other diseases that affect
the test results. This influence could not be removed in
the experiment, so the final conclusions would have certain
deviations, and they may also be affected by environmental
factors or physical differences between different individuals.
In short, this meta-analysis provided a reference for the
clinical diagnosis of thyroid autoimmune diseases.
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Odds Ratio Odds Ratio
Study or Subgroup ___log[Odds Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kyrgios 2020 1.1515 1.2401 43.5% 3.16[0.28, 35.95] L
Song 2019 1.0986 1.66 24.3% 3.00[0.12,77.64] B
Sovetkina 2020 0 1.4422 32.2% 1.00[0.06, 16.89]
Total (95% ClI) 100.0% 2.16 [0.43, 10.71] . . .

Heterogeneity: Chi? = 0.42, df =2 (P = 0.81); I?= 0%

Test for overall effect: Z = 0.94 (P = 0.35)

Figure 7 Forest diagram of T4 level in thyroid function tests.
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Figure 8 Funnel diagram of publication bias of T4 level in thyroid Figure 10 Funnel diagram of publication bias of thyroid

function tests.

stimulating hormone (T'SH) level in thyroid function tests.

Odds Ratio Odds Ratio

Study or Subgroup __log[Odds Ratio] SE Weight |V, Fixed. 95% CI 1V, Fixed. 95% CI
AlAhmed 2020 1.0986 0.8393 23.2% 3.00 [0.58, 15.54] ] =
Jonsdottir 2017 0.4463 0.668 36.6% 1.56[0.42, 5.79] =
Kosmeri 2019 1.6716 0.7896 26.2% 5.32[1.13, 25.01] B
Osorio 2017 2.1972 1.0801 14.0% 9.00[1.08, 74.75] -
Total (95% CI) 100.0% 3.20 [1.45, 7.07] .

ity Chi2 = = = .12 = QO f t 1 !
Heterogeneity: Chi? = 2.49, df = 3 (P = 0.48); 12 = 0% 0.01 01 y 10 100

Test for overall effect: Z = 2.88 (P = 0.004)

Favours [experimental] Favours [control]

Figure 9 Forest diagram of thyroid stimulating hormone (T'SH) level in thyroid function tests.
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