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Objective: The aim of this study was to assess the prevalence of thyroid autoimmunity in
T2DM with NAFLD, furthermore explore the relationship between elevated TPOADb titer and
the severity of NAFLD.

Methods: A total of 400 patients with T2DM were divided into two groups according to
NAFLD. Thyroid function and other metabolic indicators were measured.

Results: There were more TPOAb-positive patients in both groups, and the prevalence of
TPOAD positive was significantly different in two groups (17% vs 6.9%, p< 0.01). FT4 was
significantly lower in patients with T2DM with NAFLD (median FT4 0.89 vs 1.08, p <0.001),
while TSH was increased (median TSH 2.85 vs 2.28, p < 0.05). In patients with T2DM with
NAFLD, the proportion of women in the thyroid autoimmune-positive group was significantly
higher than the negative (71.1% vs 46%, p < 0.01). Similarly, thyroid autoimmune-positive
T2DM and NAFLD patients had lower FT4 levels (median FT4 0.59 vs 0.92, p <0.001), higher
TSH levels (median TSH 3.65 vs 2.67, p < 0.001), and much higher TPOAb/TGAb (median
TPOAbB/TGAD 6.8 vs 1.46, p < 0.001). The increase of TPOADb was significantly correlated
with the severity of fatty liver. HbAlc, TC, TG, TSH, TPOAb/TGAD and severity of fatty liver
were risk factors of thyroid autoimmunity.

Conclusion: Autoimmune thyroid disease is more common in patients with T2DM com-
plicated with NAFLD. Elevated TPOAD titer is closely related to fatty liver, suggesting that
elevated TPOAD titer is a predictor of autoimmune development in T2DM with NAFLD.
Keywords: type 2 diabetes mellitus, non-alcoholic fatty liver disease, thyroid peroxidase
antibody, thyroglobulin antibody, autoimmune thyroid disease

Introduction

Type 2 diabetes mellitus with non-alcoholic fatty liver disease is a common chronic
disease in clinical practice,' and its clinical manifestations are mainly elevated
blood glucose and liver damage. Studies suggest that multiple factors are involved
in the pathogenesis of T2DM with NAFLD, which may be associated with insulin
resistance, oxidative stress, decreased pancreatic B-cell response, C-reactive pro-
tein, high level of TNFa and fatty acid-binding protein-4.> *Although the pathogen-
esis of these diseases has been deeply understood in recent years, the two diseases
are mutually causal and difficult during clinical treatment.® Whether NAFLD
presents independently or in combination with metabolic risk factors such as
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abdominal obesity, hyperlipidemia, hypertension and
that

NAFLD is associated with extrahepatic complications

hyperinsulinemia, growing evidence indicated
such as cardiovascular disease, type 2 diabetes, thyroid
disease, chronic kidney disease and malignancy.”* In addi-
tion, it has also been found that patients with NAFLD
experience abnormalities in thyroid autoantibodies.’

Both thyroid peroxidase antibody (TPOADb) and thyro-
globulin antibody (TGADb) belong to thyroid autoantibodies,
and the elevation of thyroid autoantibodies is often accom-
panied by autoimmune thyroid diseases.'® In autoimmune
thyroid diseases, such as the vast majority of patients with
Hashimoto’s thyroiditis and some patients with primary
hyperthyroidism, a significant increase of thyroid autoanti-
bodies may occur, and the pathogenesis is not fully clarified,
which is currently believed to be related to lymphocyte
infiltration in the thyroid follicular stroma.'' However,
mild to moderate increases can be observed in non-thyroid
autoimmune diseases, such as type 1 diabetes, Addison’s
disease, pernicious anemia, rheumatoid arthritis and sys-
temic lupus erythematous.'*'* Elevated thyroid autoanti-
bodies are common in patients with TIDM and are
generally considered to be possibly associated with auto-
immune and inflammatory mechanisms, but they are less in
patients with T2DM and NAFLD.

The close relationship between type 1 diabetes and
thyroid autoimmunity has been reported in many previous
studies.'>'>"'7 In recent years, some studies have shown
that the elevated levels of thyroid autoantibodies are cor-
related with T2DM.'"®'? Osei Sarfo-Kantanka et al found
a higher prevalence of thyroid autoimmunity in T2DM
patients compared to healthy people.'® In clinical practice,
we found that the serum levels of thyroid autoantibodies in
patients with T2DM and NAFLD often increase, however,
the correlation between the two has not been reported
before. The purpose of this paper is to investigate the
correlation between T2DM with NAFLD and the levels
of thyroid autoantibodies, and further clarify the pathogen-
esis of T2DM with NAFLD for providing new ideas for
clinical treatments.

Subjects and Methods

Subjects

A total of 400 patients with T2DM aged>18 years, including
185 males and 215 females, who were hospitalized in
the Department of Endocrinology of the First Hospital

of Lanzhou University from September 2014 to

September 2019 were selected. This study was approved by
the Ethics Committee of the First Hospital of Lanzhou
University and written informed consent for the study was
obligatory for all participants. According to the results of the
abdominal ultrasound, the patients were divided into the obser-
vation group and the control group according to the presence or
absence of NAFLD. There were 212 patients with NAFLD,
including 105 males and 107 females, and 188 patients without
NAFLD, including 80 males and 108 females.

Inclusion criteria: 1. Aged>18 years old; 2. The diag-
nosis of T2DM refers to the Standards of Medical Care in
Diabetes issued by the American Diabetes association
(ADA) in 2019.

Exclusion criteria: 1. Acute complications of diabetes,
such as diabetic ketoacidosis, hyperosmolar hyperglycemia
syndrome, acute infection, etc.; 2. History of heavy drink-
ing, viral hepatitis, drug-induced liver disease, autoimmune
liver disease, total parenteral nutrition, Wilson’s disease and
other specific diseases that can lead to fatty liver; 3. History
of thyroid disease or thyroid surgery, history of neck
trauma, and taking drugs that affect thyroid function; 4.
Severe heart, liver, and kidney dysfunction; 5. History of
malignant tumors; 6. Pregnant or lactating women; 7.
Children and adolescents aged less than 18 years.

General Clinical Data Collection

Standard medical history was collected for patients who
met the above criteria. General data of the two groups
were obtained in detail, such as the age, gender, duration
of T2DM, history of smoking and drinking, previous med-
ical history and medication history. Height, weight and
arterial blood pressure were measured on the first day of
admission.

Serology Data Collection

All eligible patients were submitted to venous blood under
fasting state in the morning on the second day of admission
to determine the levels of laboratory parameters such as
total number of white blood cells, lymphocyte percentage,
total number of lymphocytes, FBG, FINS, fasting
C-peptide, HbAlc, TC, TG, LDL-C, HDL-C, ALT, AST,
GGT, TTs, TTy, FT5, FT4, TSH, TPOAb, TGAb, TBG, and
TG. The above indexes were determined by standardized
high-performance liquid chromatography assay (Bio-Rad
Variant I hemoglobin testing autoanalyzer) or chemilumi-
nescent immunoassay (Roche Diagnostics, Cobas e411
automated immunoassay analyzer, Indianapolis, USA).
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Homeostasis model assessment-insulin  resistance
(HOMA-IR) was calculated using the following formula:
fasting serum insulin (mU/L)xfasting blood glucose
(mmol/L)/22.5, and insulin resistance was defined as

HOMA-IR>2.6x10"® molU/L>.

Assessment of Thyroid Function

Thyroid function of the enrolled patients was assessed by
chemiluminescent immunoassay (Siemens, IMMULITE
2000, Erlangen, Germany). Normal thyroid function was
defined as serum TSH and FT, within the reference range.
Subclinical hypothyroidism was defined as serum
TSH>4.94ulU/mL and FT, level within the reference
range. Overt hypothyroidism was defined as serum
TSH>4.94ulU/mL and FT, level <0.7 ng/dL. Subclinical
hyperthyroidism was defined as serum TSH < 0.35ulU/mL
and FT,4 level within the reference range. Overt hyperthyr-
oidism was defined as serum TSH < 0.35ulU/mL and FT,
level >1.48 ng/dL. TPOAb positive (serum level > 5.61
IU/mL) and/or TGAD positive (serum level >4.11 TU/mL)
were considered as the presence of thyroid autoimmunity.

Diagnosis of Non-Alcoholic Fatty Liver

Disease

The diagnosis of NAFLD is referred to The Diagnosis and
Management of Nonalcoholic Fatty Liver Disease:
Practice Guidance From the American Association for
the Study of Liver Diseases, issued by American
Association for the Study of Liver Diseases (AASLD),
American College of Gastroenterology (ACG) and
American Gastroenterology Association (AGA) in 2018.
An experienced sonographer performed abdominal ultra-
sound for each patient, and diffuse fatty liver was present
in two of the following three abdominal ultrasound find-
ings: Mdiffuse enhancement of the near-field echoes of the
liver, with stronger echoes than the kidneys; @unclear
display of the intrahepatic tubular structure; ®gradual
attenuation of the far-field echoes of the liver.

The severity of fatty liver was graded as follows:
(Omild fatty liver: the size and shape of the liver were
normal, the echo in the front field was enhanced, the echo
attenuation in the back field was not obvious, and the
tubular structure of the liver was clear; @moderate fatty
liver: the size and shape of the liver were normal, or mild
to moderate enlargement, the echo in the front field was
enhanced, the echo in the back field was attenuated, and
the tubular structure was vague but still identifiable;

(@severe fatty liver: the liver was significantly enlarged,
the shape was full, the echo in the front field was signifi-
cantly enhanced, the echo attenuation in the back field was
obvious, and even there was an anechoic area, the contour
was unclear, and the tubular structure was illegible.

Statistical Analysis

All data were statistically analyzed using the SPSS 26.0
software package. For quantitative variables, results were
expressed as mean * standard deviation for parametric
data and as median (interquartile range) for non-
parametric data. Categorical variables were expressed as
the number of patients and percentage (%). Significant
differences between quantitative variables according to
whether they followed a normal distribution were evalu-
ated by independent sample #-test and independent sample
non-parametric test, respectively. The chi-square test was
used to compare the significance of categorical variables.
Independent risk factors associated with thyroid autoim-
munity were determined by binary logistic regression
model. All statistical tests were bilateral, and p < 0.05
was considered statistically significant.

Results
Clinical Baseline Data and Thyroid

Function According to the Presence or
Absence of NAFLD

The clinical baseline data of patients in the two groups are
shown in detail in Table 1. Compared with the T2DM alone
group, indicators such as age, duration of diabetes, fasting
insulin, insulin resistance index, glycosylated hemoglobin,
hyperlipidemia, and transaminases of patients in the T2DM
combined with NAFLD group were significantly increased,
and the differences were significant (p < 0.05). Other clinical
data such as FBG, smoking history and GGT were not sig-
nificantly different although T2DM with NAFLD group was
higher than that in the control group with T2DM alone
(p > 0.05). Although there was no significant statistical
difference in the prevalence of thyroid autoimmunity
between the two groups, the prevalence of thyroid autoim-
munity was higher in the T2DM with NAFLD group com-
pared with the T2DM alone group (6.6% vs 3.7%, p > 0.05).
There were more TPOAb-positive patients than TGAb-
positive patients in either the T2DM with NAFLD group or
the T2DM alone group (17% vs 8%, 6.9% vs 4.8%), and the
prevalence of TPOAb-positive was statistically significantly
different between the two groups (17% vs 6.9%, p < 0.01).
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Table | Comparison of Clinical Baseline Data Between T2DM with NAFLD and T2DM Patients

Variables T2DM with NAFLD Group T2DM Group p value
(n=212) (n=188)

Age, year 63 (53~73) 58 (50.25~65) <0.001
Female, n (%) 107 (50.5%) 108 (57.4%) 0.16
Duration of T2DM, year 7.5 (4~10) 6 (3~9) 0.01
Smoking history, n (%) 61 (28.8%) 40 (21.3%) 0.09
Systolic blood pressure, mmHg 112 (103~128) 112 (99~120) 0.18
Diastolic blood pressure, mmHg 76 (67~83) 75 (69~83) 0.94
BMI, kg/m? 22.83+3.48 22.96x3.17 0.70
Waist circumference 87.5 (84.33~90.08) 87.1 (84.53~89.6) 0.39
Fasting glucose, mmol/L Il (7.9~13.2) 9.85 (7.3~12.7) 0.06
Fasting insulin, mU/L 16.46 (11.1~20.14) 12.79 (7.62~17.15) <0.001
Fasting C-peptide, ng/mL 2.68 (1.98~3.24) 2.5 (1.76~3.29) 0.14
Insulin resistance index, molU/L? 6.85 (4.6~10.01) 5.0l (3.39~7.55) <0.001
HbAlc, % 11.4 (8.8~13.3) 10 (8~12.2) <0.001
AST, U/L 31 (17~42) 27 (16~36) <0.001
ALT, U/L 27 (20~34) 22 (17~28) <0.001
GGT, U/L 43.45 (26.33~59.2) 41.9 (24.85~60.98) 0.95
Hyperlipidemia, n (%) 71 (33.5%) 5 (2.7%) <0.001
HCY, ymol/L 16.5(12.83~20.2) 16.25(12.3~20.38) 0.57

FT, was significantly lower in patients with T2DM compli-
cated with NAFLD than in the T2DM group (median FT,
0.89 vs 1.08, p < 0.001), while TSH was significantly
increased compared with the T2DM alone group (median
TSH 2.85 vs 2.28, p < 0.05) (shown in Table 2).

General Conditions of T2DM with
NAFLD Patients According to Thyroid
Antibodies

Among the population with T2DM and NAFLD, 38 (17.9%)
were thyroid autoimmune positive and 174 (82.1%) were
thyroid autoimmune negative (as shown in Table 3).
Compared with the thyroid autoimmune-negative group, the
proportion of women in the thyroid autoimmune-positive

Table 2 Comparison of Thyroid Function Between T2DM with
NAFLD and T2DM Patients

Variables T2DM with T2DM Group p value

NAFLD (n=188)

Group

(n=212)
TPOADb(+), n (%) 36 (17%) 13 (6.9%) <0.01
TGAb(+), n (%) 17 (8%) 9 (4.8%) 0.19
TPOADb and TGAb(+), n (%) | 14 (6.6%) 7 (3.7%) 0.20
FT4 ng/dL 0.89 (0.71~1) 1.08 (0.87~1.29) | <0.001
TSH, ulU/mL 2.85 (1.52~3.74) | 2.28 (1.37~3.41) | 0.02
TPOAb/TGAb 1.56 (0.82~3.12) | 1.28 (0.6~2.7) 0.02

group was significantly higher (71.1% vs 46%, p < 0.01), the
duration of T2DM was relatively longer (median duration of
T2DM 12.5 years vs 6.5 years, p < 0.001), and the total
number of lymphocytes was also significantly higher (median
number of lymphocytes 2.34x10°/L vs 1.96x10°/L, p < 0.01).
In addition, metabolic parameters such as blood glucose, blood
lipids, and transaminases were also significantly higher than
those in people with negative thyroid autoimmunity (p < 0.05).
Similarly, T2DM patients with NAFLD who had positive
thyroid autoimmunity had lower FT, levels (median FT,
0.59 vs 0.92, p < 0.001) and higher TSH levels (median
TSH 3.65 vs 2.67, p <0.001). TPOAb/TGAD was also much
higher in those with positive thyroid autoimmunity than in
negative patients (median TPOAb/TGAb 6.8vsl.46,
p < 0.001). In the thyroid autoimmune-positive group, the
majority of patients were severe fatty liver (42.1%), while in
the thyroid autoimmune-negative group, a large proportion
(59.2%) of patients were mild fatty liver. No significant dif-
ference was found between the two groups in the number of
patients with moderate fatty liver disease (p > 0.05).

Relationship Between Different TPOAb
Titers and Multiple Possible Influencing

Factors

The prevalence of TPOAb-positive was significantly
higher than that of TGAb in T2DM with NAFLD
(Table 2). TPOAb was divided into four groups according
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Table 3 Comparison of the General Conditions of Patients with T2DM and NAFLD According to Thyroid Antibody

Variables Thyroid Autoimmunity Thyroid Autoimmune Negative | p value
Positive (n = 38) (n=174)
Age, year 70.5 (62.75~76.25) 60 (52~70) <0.001
Female, n (%) 27 (71.1%) 80 (46.0%) <0.01
Duration of T2DM, year 12.5 (9~17) 6.5 (3~10) <0.001
Smoking history, n (%) 12 (31.6%) 49 (28.2%) 0.67
Systolic blood pressure, mmHg 114 (100.75~129) 112 (103~128.25) 0.92
Diastolic blood pressure, mmHg 76.5 (68.75~86.25) 76 (67~82.25) 0.19
BMI, kg/m? 22.26 (19.7~24.71) 22.73 (20.57~25.48) 0.19
Total leukocyte count, x10%/L 6.34 (5.54~7.86) 6.21 (5~7.65) 0.54
Lymphocyte percentage, % 38 (34.85~41.1) 32.2 (26.4~39.53) <0.001
Total lymphocytes, 10%/L 2.34 (2.01~2.92) 1.96 (1.59~2.6) <0.01
Fasting glucose, mmol/L 12.4 (11.33~13.6) 10.2 (7.48~13.03) <0.01
Fasting insulin, mU/L 17.78 (15.09~20.95) 15.58 (9.89~19.64) <0.01
Fasting C-peptide, ng/mL 2.9 (2.6~3.18) 2.59 (1.82~3.24) 0.04
Insulin resistance index, molU/L? 9.62 (7.74~11.67) 6.14 (4.22~9.08) <0.001
HbAlc, % 11.85 (11.2~13.15) 11.05 (8.38~13.4) 0.02
AST, UL 25 (14.25~36) 33 (19~43) <0.01
ALT, U/L 31.5 (24.25~46) 26 (19~31) <0.01
GGT, UL 43.2 (23.48~63.58) 43.95 (26.38~58.58) 0.63
TC, mmol/L 5.64 (5.29~5.88) 4.72 (4.25~5.27) <0.001
TG, mmol/L 1.7 (1.27~2.09) 1.41 (1.06~1.76) <0.001
HDL-C, mmol/L 0.79 (0.67~1.01) 1 (0.77~1.27) <0.01
LDL-C, mmol/L 2.89 (2.41~3.32) 2.55 (2.03~3.12) 0.02
HCY, pmol/L 14.4 (11.7~19.38) 17 (13.18~20.65) 0.05
FT4, ng/dL 0.59 (0.53~0.7) 0.92 (0.78~1.03) <0.001
TSH, ulU/mL 3.65 (2.5~4.99) 2.67 (1.32~3.64) <0.001
TPOAb/TGAb 6.8 (1.09~50.59) 1.46 (0.79~2.49) <0.001
Fatty liver (mild), n (%) 13 (34.2%) 103 (59.2%) <0.01
Fatty liver (moderate), n(%) 9 (23.7%) 51 (29.3%) 0.49
Fatty liver (severe), n(%) 16 (42.1%) 20 (11.5%) <0.001

to the degree of TPOAD titer elevation, it was not difficult
to find a significant correlation between TPOAD titer and
the severity of NAFLD (p < 0.001). When TPOAD titer
was within the normal range, the number of patients with
mild fatty liver was the highest (59.1%), followed by
moderate fatty liver (29%), and severe fatty liver was the
least (11.9%). With the increase of TPOAD titer, the pro-
portion of people with severe fatty liver also gradually
increased. When TPOAD titer was greater than 50 times
the upper limit of normal, there was only | case of mod-
erate fatty liver, the number of people with severe fatty
liver was 7, accounting for 87.5% (as shown in Table 4).
In addition, as TPOAD titer increased, HbAlc, TC, TG,
ALT, and TSH also increased. Conversely, FT, gradually
decreased. Although there was no significant statistical
difference between the levels of HbAlc in the four groups,

there was also an obvious trend of increase.

Among the multiple possible influencing factors, the
increase of cholesterol was the most significant, and there
were significant differences between groups 2, 3, and 4 when
compared with group 1, respectively (p < 0.05). Other indi-
cators, such as transaminases and thyroid function, were
mostly manifested as significant differences between
group 2 and group 1 (Table 5).

Binary Logistic Regression Analysis in
T2DM with NAFLD and Thyroid

Autoimmunity Patients

We performed binary logistic regression analysis of the
factors that may affect thyroid autoimmunity in T2DM
patients with NAFLD. In addition to male gender and
elevated FT,4 as independent protective factors for auto-
immunity, diabetes duration, HbAlc, TC, TG, TSH,
TPOAb/TGADb, and NAFLD severity were all independent
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Table 4 Relationship Between Different TPOAb Titer and Severity of Fatty Liver

Severity of Fatty Liver | TPOAD in Upper Limit of Normal | 10 Times the Upper Limit of | TPOAb > 50 p value
Normal Range < TPOADb < 10 Times Normal < TPOADb < 50 Times the
the Upper Limit of Times the Upper Limit of Upper
Normal Normal Normal Limit
Fatty liver (mild) 104 (59.1%) 12 (75.0%) 0 (0.0%) 0 (0.0%) < 0.001
Fatty liver (moderate) 51 (29.0%) 3 (18.8%) 5 (41.7%) I (12.5%)
Fatty liver (severe) 21 (11.9%) | (6.3%) 7 (58.3%) 7 (87.5%)
Table 5 Relationship Between Different TPOAb Titer and Multiple Possible Influencing Factors
Variables Group | Group 2 Group 3 Group 4
TPOAbD in Normal Upper Limit of Normal < 10 Times the Upper Limit of TPOAD > 50
Range TPOAD < 10 Times the Normal < TPOAD < 50 Times Times the
Upper Limit of Normal the Upper Limit of Normal Upper Normal
Limit

HbAIlc 1.1 (8.4~13.38) 11.75 (10.98~12.7) 12.15 (10.98~13.33) 13.25 (12~14.6)
Cholesterol 4.75 (4.25~5.28) 5.34 (4.92~5.69)* 5.69 (5.46~5.91)* 5.88 (5.79~6.08)*
Triglyceride 141 (1.07~1.77) 1.55 (1.25~1.96) 1.56 (1.25~2.29) 1.97 (1.74~2.13)*
AST 33 (19~42.75) 16 (10~29)* 35 (16~44.5) 24 (17~33.75)
ALT 26 (19~31) 31.5 (27~42.25)* 32.5 (22~46.75) 42 (26.75~46.75)
FT,4 0.92 (0.77~1.03) 0.57 (0.51~0.62)* 0.59 (0.51~0.87)* 0.63 (0.56~1.13)
TSH 2.69 (1.32~3.67) 3.9 (2.61~5.15)* 3.27 (2.32~4.88) 341 (241~4.66)

Note: *p<0.05 when compared to Group | (group with TPOADb in the normal range).

risk factors for the development of thyroid autoimmunity
(as shown in Table 6). For every 1 mmol/L increase in
cholesterol and triglyceride, the risk of autoimmunity in
patients with T2DM and NAFLD increased 4.294-fold and
3.217-fold, respectively, and for every 1% increase in
HbAlc, the risk of autoimmunity increased 1.312-fold. In
addition, every 1 ulU/mL increase in TSH increased the
risk of autoimmunity by 2.456-fold, and for a 1-unit
increase in TPOAb/TGAD, the risk increased 1.265-fold.
Compared with T2DM patients without fatty liver, the risk
of autoimmunity was increased by 0.258-fold, 0.059-fold,
and 0.232-fold in patients with different degrees of fatty
liver, respectively.

Multivariate Logistic Regression Analysis
of Different Levels of TPOAb with

Patients

Multiple regression analysis illustrated that different
TPOAD titers were associated with NAFLD (P < 0.05)
(Table 7). The prevalence of NAFLD in patients with
high TPOAD titer was 0.045-fold higher than in those
with low and moderate TPOAB titer.

Discussion

High prevalence of thyroid disease is more common in
type 1 diabetes compared to T2DM due to the associated
autoimmunity and common genetic basis.'” Latent auto-
immune diabetes in adults (LADA) is a special type of
diabetes characterized by disease-specific autoantibodies
(anti-glutamic decarboxylase GAD-Ab, [A-2Ab), with
great heterogeneity in clinical manifestations. However,
the autoimmunity of LADA is not only targeted at pan-
creatic cells. Previous studies have found that LADA
patients express high TPOAD activity.?® However, it has
also been found that there are many people with T2DM
complicated with autoimmune thyroid disease, and the
Sarfo-
Kantanka, O. and Chen, Y. et al reported the presence of

intrinsic mechanism may be more complex.

serum thyroid autoantibodies in patients with T2DM and
NAFLD, respectively,”'? but it remains unknown whether
thyroid autoimmunity exists in patients with both chronic
endocrine diseases and the intrinsic association. However,
in recent years there have been reports on the association
of thyroid autoimmunity and thyroid cancer, ischemic
stroke, cognitive and emotional disorders and adverse
pregnancy outcomes.”' >* Therefore, it is necessary to
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Table 6 Binary Logistic Regression Analysis of Thyroid
Autoimmunity in T2DM and NAFLD Patients

Variables B p value | OR 95% Confidence
Interval
Lower Upper
Limit Limit
Age —0.003 | 0913 0.997 | 0.952 1.045
Sex —1.252 | 0.018 0.286 | 0.102 0.803
Duration of T2DM 0.169 0.002 1.185 | 1.066 1.316
FT,4 —3.135 | 0.006 0.044 | 0.005 0.415
TSH 0.899 <0.01 2.456 | 1.600 3.77
HbAIlc 0.272 0.011 1.312 | 1.065 1.617
TC 1.457 0.001 4294 | 1.769 10.422
TG 1.169 0.016 3217 | 1.241 8.341
TPOAb/TGAb 0.235 <0.01 1.265 | 1.153 1.387
Fatty liver 0.021
Fatty liver (mild) —1.357 | 0.065 0.258 | 0.061 1.088
Fatty liver (moderate) | —2.828 | 0.002 0.059 | 0.0l 0.358
Fatty liver (severe) —1.463 | 0.121 0.232 | 0.036 1.469

Table 7 Multivariate Logistic Regression Analysis of Different
Levels of TPOAb with Patients

Variables OR Chi- p value | 95% Confidence
Square Interval

Lower Upper

Limit Limit
Age 1.011 | 0.031 0.860 0.893 1.146
HbAlc 1.1l | 0.084 0.772 0.547 2.252
Cholesterol | 0.174 | 1.067 0.302 0.006 4811
Triglyceride | 2.309 | 0.539 0.463 0.247 21.628
TSH 1.616 | 1.678 0.195 0.782 3.337
FT4 6.713 | 1.006 0.316 0.163 277.272
NAFLD 0.045 | 4.359 0.037* 0.002 0.827

Note: *P<0.05.

explore the level of serum thyroid autoantibodies and their
potential relationship in patients with T2DM complicated
with NAFLD.

Previous studies have found that the prevalence of
thyroid dysfunction is significantly higher in patients
with T2DM than in the normal population.'®? In patients
with T2DM, hypothyroidism is the most common type of
thyroid dysfunction, with the incidence ranging from
18.3% to 45.2%.'®?>?° The differences in the above
results may be related to different detection methods,
different races, and sample sizes. The present study
showed that FT, level in T2DM combined with NAFLD
was significantly lower than control group (median FTy

0.89 vs 1.08, p < 0.001), while TSH level was significantly
higher compared with the T2DM group, and the difference
was significant (median TSH 2.85 vs 2.28, p < 0.05)
(Table 2). Thus, patients with T2DM and NAFLD have
a higher prevalence of thyroid dysfunction, which is
a further extension of previous findings. Low iodine intake
is also a common cause of thyroid disease, which will
undoubtedly affect our results. However, this study was
conducted in areas with long-term iodine supplementation
in salt,>” and iodine deficiency was very unlikely to cause
hypothyroidism. Maria E. Barmpari et al believed that
hypothyroidism in T2DM is also caused by autoimmunity,
similar to that of type 1 diabetes.”® Another prospective
cohort study found that hypothyroidism was associated
with an increased risk of NAFLD. Hypothyroid patients
had a 1.24-fold higher risk of developing NAFLD than
euthyroid patients. In addition, the risk of NAFLD gradu-
ally decreases from hypothyroidism to hyperthyroidism.®
This may partly explain why the incidence of thyroid
dysfunction is higher in patients with T2DM and
NAFLD than in those with diabetes alone.

As can be seen from Table 2, the prevalence of thyroid
antibodies positive in the T2DM combined NAFLD group
was significantly higher than that in the T2DM group
alone, and TPOAD positive are more than TGAb-positive
patients, the prevalence of TPOAb-positive was signifi-
cantly different between the two groups. Other studies
have also shown that elevated TPOAD is predominant in
patients with positive thyroid autoimmunity whether in
patients with T2DM alone and NAFLD alone,”*>*° con-
sistent with our findings. This study found that the pre-
valence of thyroid autoimmunity in patients with T2DM
complicated with NAFLD was 6.6%, which was not sta-
tistically significant compared with T,DM alone group
(3.7%), but it also showed a significant upward trend. In
addition, we used TPOAb/TGAb, which has not been
previously reported, as an outcome indicator for the first
time, and found that TPOAb/TGADb was significantly dif-
ferent between the two groups (p<0.05), which we specu-
lated both groups of patients had a predominance of
elevated TPOAD titer. These may confirm the involvement
of autoimmune factors in the pathogenesis of diabetes with
fatty liver.

Women predominate in all autoimmune diseases.
Patients with T2DM combined with NAFLD were divided
into two groups according to thyroid autoimmunity in
Table 3, and it can be clearly seen that the majority
(71.1%) were female in the thyroid autoimmune-positive
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group. This may be because B cells can produce more
antibodies, and women have stronger humoral and cellular
immune responses and higher levels of immune CD,"
T cells. Estrogen also has a significant immunomodulatory
effect, it can reduce CD,/CDg" T cells ratio and TNF-a
cytotoxicity, and increase immunoglobulin secretion,
B-cell survival and B-cell polyclonal activation, as well
blood

monocytes.'® It is well known that immune thyroiditis is

as IgG and IgM production in peripheral
the leading cause of hypothyroidism. Current studies con-
cluded that the increase of TPOAb and TGAb levels
would promote the development of hypothyroidism.'’
We also confirmed that, lower FT4 levels (median FT,
0.59 vs 0.92, p < 0.001) and higher TSH levels (median
TSH 3.65 vs 2.67, p < 0.001) in thyroid autoimmune-
positive patients.

Table 3 shows that patients with moderate to severe
fatty liver in the thyroid autoimmune-positive group
account for the majority (42.1%), while patients with
mild fatty liver in the thyroid autoimmune negative
group account for the larger proportion (59.2%). We there-
fore boldly hypothesized that the presence of thyroid auto-
immunity was significantly associated with the severity of
NAFLD and confirmed this hypothesis using statistical
methods. The severity of fatty liver is graded in Table 4,
and there was a significant correlation between the
increased TPOAD titer and the severity of NAFLD (p <
0.001).

Moreover, as TPOAD titer increased, HbAlc, TC, TG,
ALT and TSH levels also increased, while FT4 gradually
decreased, especially, the increase in cholesterol was the
most significant (Table 5). On the one hand, thyroid hor-
mone affects glucose metabolism and lipid metabolism by
regulating insulin secretion and insulin sensitivity
in different tissues. Thyroid autoimmunity often even-
tually leads to varying degrees of hypothyroidism.
Hypothyroidism will alter blood glucose and lipid levels
in patients with diabetes and NAFLD and will aggravate
the patients’ condition.*® On the other hand, any interfer-
ence to the immune system may lead to autoimmune
diseases. Some studies have found that the presence of
immunoreactive  corticotropin-releasing hormone in
patients with autoimmune thyroid diseases increases corti-
sol secretion, while glucocorticoids, well-known immuno-
suppressive agents, have the effect of down-regulating
immune function.®" In other words, the presence of thyroid
autoimmunity aggravates immune imbalance and may
contribute to the development of diabetes and NAFLD.

We concluded that in addition to male gender and
elevated FT4 as independent protective factors for auto-
immunity, duration of diabetes, HbAlc, TC, TG, TSH,
TPOAb/TGAD, and severity of NAFLD are all indepen-
dent risk factors for the thyroid autoimmunity through
logistic regression analysis (as shown in Table 6).
Among them, blood lipids had the most significant effect
on thyroid autoimmunity, followed by hypothyroidism and
blood glucose. For every 1 mmol/L increase in cholesterol
and triglyceride, patients with T2DM and NAFLD had
a 4.294-fold and 3.217-fold increased risk of autoimmu-
nity, respectively. However, for every 1ulU/mL increase in
TSH, the risk of developing autoimmunity increased by
2.456-fold, and for a 1-unit increase in TPOAb/TGAD, the
risk increased by 1.265-fold. For each 1% increase in
HbAlc, the autoimmune risk was 1.312-fold higher.
Therefore, for patients with diabetes and fatty liver, good
control of blood glucose and blood lipids and correction of
hypothyroidism are particularly important, which can not
only reduce insulin resistance, and then reduce the occur-
rence of long-term complications of diabetes and slow
down the progression of liver disease, but also effectively
alleviate thyroid autoimmunity, avoid the deterioration of
the disease, and affect the quality of life.

There are some limitations to our study. Firstly, it is well
known that fine-needle biopsy of the liver is the gold stan-
dard for NAFLD diagnosis. In contrast, liver ultrasound
(US) is cheaper and more suitable for clinical and epide-
miological studies, and has become the most commonly
used imaging modality for the diagnosis of NAFLD in
clinical practice.*? Secondly, all patients included in this
paper were Chinese and the sample size is limited, which
should be taken into account in order to apply our conclu-
sions to other races or other regions of the world. Finally,
due to the cross-sectional study design, we still unable to
determine the temporal relationship between thyroid auto-
immunity and T,DM, NAFLD. The potential clinical impli-
cations of our study require further prospective studies.

The advantage of this study is that it is the first time to
report the presence of high levels of thyroid autoantibodies
in patients with T2DM complicated with NAFLD and to
analyze their associated risk factors, and finally find the role
of TPOAD in the progression of autoimmunity in diabetic
and NAFLD patients. The liver plays a central role in the
metabolism, transport, and clearance of thyroid hormones,
so the normal function of the liver is necessary to maintain
normal thyroid hormone levels and functions.>® Our study
did not include patients who progressed to cirrhosis and it
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was not possible to determine the relationship between
TPOADb and cirrhosis, while data on thyroid function in
cirrhotic patients are scarce and the results are mostly
inconsistent. Some studies have found an association
between decreased FTj levels and the severity of liver

. 33,34
disease,”™

while others have suggested that the risk of
cirrhosis increases with increased TSH concentration.”” In
the study of cirrhotic patients by Vincken, S. et al, the
prevalence of thyroid autoimmunity was no difference
from healthy controls.”® Therefore, future studies with
a larger sample are needed to verify the relationship

between cirrhosis and thyroid function.

Conclusion

Elevated thyroid autoantibodies, especially TPOAb, were
positively correlated with the severity of fatty liver, suggesting
that elevated TPOAD is a strong predictor of autoimmune
development in type 2 diabetic patients with NAFLD, and
elevated TPOAb/TGAb may also be associated with the
severity of fatty liver, and then these conclusions partially
elucidate the common pathogenesis of autoimmune diseases.
Moreover, we suggest that routine screening for thyroid dis-
ease in patients with T2DM and NAFLD should be consid-
ered for early detection and reasonable intervention, which
may otherwise accelerate the progress of T2DM and NAFLD.
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