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Background: Type 1 diabetes mellitus (T1DM) is common in clinical setting, the relationship between
thyroid hormone levels and glucose and lipid metabolism in patients with T1DM remains unclear. We
attempted to analyze the correlation of thyroid hormone levels and blood glucose and lipid metabolism in
children with normal thyroid function.

Methods: Children with TIDM were selected, and 85 healthy children who underwent physical
examinations in our hospital as control group. The characteristics and laboratory testing results were
compared, the correlation of thyroid hormone levels with blood glucose and blood lipids was analyzed by
Pearson correlation analysis.

Results: A total of 167 participants were included. the low-density lipoprotein-cholesterol (LDL-C),
triglyceride (T'G), fasting blood glucose (FBG), and glycated hemoglobin (HbAlc) in TIDM patients were
higher than those in healthy controls, while the high-density lipoprotein-cholesterol (HDL-C), thyroid
stimulating hormone (TSH) and free triiodothyronine (FT3) in T1DM patients were lower than that of
healthy children (all P<0.05). TSH was positively correlated with LDL-C (r=0.169, P=0.032), TC (r=0.182,
P=0.017) and TG (r=0.197, P=0.008), negatively correlated with FBG (r=-0.196, P=0.023) and HbAlc
(r=-0.328, P=0.002). FT3 was negatively correlated with TG (r=-0.182, P=0.011), FBG (r=-0.184, P=0.009)
and HbAlc (r=-0.223, P=0.005). TG in the high TSH group and the middle TSH group is higher than that
of low TSH group. However, FBG and HbAlc were lower than those in the low TSH group (all P<0.05).
Compared with the low FT3 group, the TG, FBG and HbAlc decreased in the high and middle FT3 group (all
P<0.05).

Conclusions: The serum TSH are closely associated with FT'3 and glycolipid metabolism in children with
T1DM, which may be the useful indicators to assess the severity of TIDM in clinical settings to provide
insights into the management of TIDM.
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Introduction young patients, the T1DM do not get enough attention (2).

The mortality and the incidence of related complications
The incidence of type 1 diabetes mellitus (T1DM) is are high in patients with of TIDM (3). At present, the
increasing globally (1). T1IDM mostly occurs in adolescents, pathogenesis of TIDM has not been fully clarified. In

with regards to the relatively low incidence and relatively recent years, more and more scholars have paid attention to
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the topic of T1DM, and the research on the pathogenesis of
T1DM is gradually deepening.

Diabetes and thyroid diseases are the two most common
diseases in the department of endocrinology, and the two
diseases are closely related (4). Studies (5,6) have shown
that patients with TIDM or type 2 diabetes mellitus
(T2DM) may have abnormal thyroid function. In addition
to promote the growth and development of tissue, thyroid
hormones can also affect the metabolism of sugar, fat and
protein (7), and it’s been reported that it participates in the
development of T2DM (8,9). However, there are very few
studies on the relationship between thyroid hormone levels
and glucose and lipid metabolism, especially in T1DM
children with normal thyroid function.

Therefore, we aimed to investigate the thyroid hormone
levels and blood glucose and lipid metabolism in children
with normal thyroid function, to analyze the underlying
correlation of abnormal blood glucose and lipids levels
in children with TIDM, thereby to provide a reliable
theoretical basis for the treatment of TIDM.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-204).

Methods
Ethical consideration

Our study is a retrospective analysis. And the study
conformed to the provisions of the Declaration of Helsinki
(as revised in 2013) (10). This study has been certified
and approved by the ethical committee of our hospital
(20180933), and the written informed consents have been
obtained from all the included patients.

Patients

Children with T1DM who were firstly diagnosed in our
hospital from January 2019 to January 2020 were selected.
The inclusion criteria were: (I) the age was 6-13 years old;
() the diagnostic criteria of T1DM complied with relevant
guidelines and consensus (11,12); (III) patients were willing
to participant in this study. The exclusion criteria were: (I)
patients had acute complications of diabetes such as diabetic
ketoacidosis; (IT) the patients had abnormal thyroid function,
that is, the electrochemiluminescence immunoassay method
was used in accordance with the laboratory testing standards
of our hospital. Patients with any abnormalities out of
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following ranges were excluded: free triiodothyronine (F13)
2.8-7.1 pmol/L, free thyroxine (F14) 12-22 pmol/L, thyroid
stimulating hormone (TSH) 0.27-4.20 pIlU/mL, thyroglobulin
antibody 0-115.0 IU/mL, thyroid peroxidase antibody
0-34.0 IU/mL, thyroid stimulating hormone receptor antibody
0-1.750 IU/L; (III) the patient also suffered from other
endocrine system diseases such as dwarfism and Cushing’s
syndrome; (IV) the patient were taking drugs that may affect
the level of thyroid hormones, such as iodine, glucocorticoids,
and amidoketone; (V) the patients did not agree to participant
in this study.

In addition, we selected 85 healthy children who
underwent physical examinations in our hospital as a normal
control group. The inclusion criteria were: (I) the age was
6-13 years old; (II) the results of physical examinations were
normal; (III) the children were well informed and agree to
participant in this study. The children who did not agree to
participant in this study were excluded.

Data collection

Endocrine professionals measured height, weight and blood
pressure according to international standards. All subjects were
fasting for more than 12 h, and then venous blood was taken
for clinical analysis the next morning. Automatic biochemical
analyzer was used to measure routine biochemical indexes such
as blood lipids, blood sugar, etc., electrochemiluminescence
immunoassay was used to detect F'T3, FT4 and TSH levels,
and high-performance liquid chromatography (Olympus
AU2900, Japan) was used to determine the level of HbAlc.

Statistical analysis

In this study, SPSS 23.0 statistical software was used for
statistical data processing, and the results were expressed
as mean = standard deviation. The comparison between
the two groups was performed by independent sample t
test. And one-way analysis of variance (ANVOA) was used
for comparison between the three groups, and the least
significant difference (LSD) method was used for pairwise
comparison of variance analysis. The correlation of thyroid
hormone levels with blood glucose and blood lipids was
analyzed by Pearson correlation analysis. In this study,
P<0.05 was considered as being statistically different.

Results

A total of 167 participants were included, specifically with
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Table 1 The characteristics of included patients

Yuan et al. Thyroid, glucose, lipid & TIDM

Iltems Control group (n=85) T1DM group (n=82) v/t P

Male/female 41/44 39/43 1.198 0.102
Age 10.87+1.13 9.95+1.10 1.042 0.085
BMI (kg/m?) 16.47+2.46 16.37+2.09 2.349 0.127
HDL-C (mmol/L) 1.45+0.74 1.02+0.49 1.103 0.045
LDL-C (mmol/L) 2.15+0.85 2.97+0.89 1.472 0.041
TC (mmol/L) 4.51+1.10 4.63+1.12 1.024 0.084
TG (mmol/L) 0.88+0.17 1.73+£0.24 1.166 0.021
FBG (mmol/L) 5.12+1.23 10.14+1.75 2.842 0.009
HbA1c (%) 5.18+1.05 9.22+2.03 2.448 0.013
TSH (pIU/mL) 2.55+0.86 1.93+0.77 1.259 0.035
FT3 (pmol/L) 4.12+0.94 3.02+0.69 1.204 0.047
FT4 (pmol/L) 13.82+2.08 12.96+2.15 1.722 0.075

T1DM, type 1 diabetes mellitus; BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol;
TG, triglyceride; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free

thyroxine.

Table 2 Correlation analysis of thyroid hormone levels with blood glucose and blood lipids in patients with T1IDM

TSH FT3 FT4
ltems
r P r P r P

HDL-C (mmol/L) -0.063 0.242 0.095 0.124 0.087 0.201
LDL-C (mmol/L) 0.169 0.032 -0.098 0.069 0.115 0.093
TC (mmol/L) 0.182 0.017 -0.124 0.086 -0.028 0.205
TG (mmol/L) 0.197 0.008 -0.182 0.011 -0.113 0.091
FBG (mmol/L) -0.196 0.023 -0.184 0.009 0.977 0.067
HbA1c (%) -0.328 0.002 -0.223 0.005 0.182 0.106

T1DM, type 1 diabetes mellitus; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglyceride;
FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free

thyroxine.

85 healthy controls and 82 T1DM patients. As Table 1
presented, the low-density lipoprotein-cholesterol (LDL-C),
triglyceride (T'G), fasting blood glucose (FBG), and
HbAlc in T1DM patients were higher than that of healthy
controls, while the high-density lipoprotein-cholesterol
(HDL-C), TSH and FI3 T1DM patients were lower than
that of healthy children, and the difference was statistically
significant (all P<0.05). The gender, age, body mass index
(BMI), total cholesterol (T'C) and FT4 between the two
groups were not significantly different (all P>0.05).
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Correlation of thyroid hormone levels with blood glucose
and blood lipids in patients with T1DM

As Tuble 2 presented, Pearson correlation analysis indicated
that in children with T1DM, TSH was positively correlated
with LDL-C (r=0.169, P=0.032), TC (r=0.182, P=0.017)
and TG (r=0.197, P=0.008), negatively correlated with FBG
(r=—-0.196, P=0.023) and HbAlc (r=-0.328, P=0.002), but not
significantly related to HDL-C. Besides, F'I'3 was negatively
correlated with TG (r=-0.182, P=0.011), FBG (r=-0.184,
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Table 3 Comparison of blood glucose and blood lipids grouped by tertile of thyroid hormone levels in T1DM patients

TSH (ulU/mP) FT3 (pmol/L) FT4 (pmol/L)
fems Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
HDL-C (mmol/L) 1.18+0.31 1.16+£0.29 1.09+0.17 1.01+£0.21 1.12+0.27 1.18+0.29 1.12+0.31 1.14+0.48 1.19+0.82
LDL-C (mmol/L) 2.68+1.01 2.71+1.08 2.79+1.15 2.73+0.69 2.76+0.71 2.79+0.77 2.60+1.02 2.71+1.15 2.77+1.09
TC (mmol/L) 4.62+1.22 4.65+£1.28 4.69+1.17 4.62£1.12 4.68+1.27 4.99+1.30 4.97£1.26  4.59+1.17 4.33+1.02
TG (mmol/L) 1.36+0.93 1.73+0.99* 2.01+1.03a* 2.20+1.09 1.53+1.02* 1.49+1.04* 1.92+0.94 1.79+0.82 1.69+0.79

FBG (mmol/L) 12.53+4.12 10.28+3.19* 8.16+2.15* 11.73+2.97 9.97+1.56* 9.73x1.44* 10.93+2.26 10.43+2.14 10.22+1.96

HbA1c (%) 11.4542.97 9.98+2.01* 8.17+1.74* 11.35+2.10 9.36+1.95* 9.31+1.97*  9.89+1.21  9.92+1.37 9.97+1.32

*, P<0.05 compared with Tertile 1;*, P<0.05 compared with Tertile 2. TIDM, type 1 diabetes mellitus; HDL-C, high-density lipoprotein-cho-
lesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglyceride; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TSH, thy-
roid stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine.

P=0.009) and HbAlc (r=-0.223, P=0.005), no correlations
between FT3 and HDL-C, LDL-C, TC were found (all
P<0.05). and no correlations between FT4 and HDL-C,
LDL-C, TC, TG, FBG and HbAlc were found (all P<0.05).

Comparison of blood glucose and blood lipids grouped by
tertile of thyroid hormone levels in T1DM patients

Children with T1DM were divided into 3 groups according
to TSH tertiles. As Table 3 presented, the results showed
that the TG in the high TSH group and the middle TSH
group is higher than that of low TSH group. However,
FBG and HbAlc were lower than those in the low TSH
group, and the differences were statistically significant (all
P<0.05). There were no significant differences in HDL-C,
LDL-C, and TC among three groups (all P>0.05). Besides,
according to the FT3 tertile, TIDM children were divided
into three groups, the results indicated that compared with
the low FT3 group, the TG, FBG and HbAlc decreased
in the high and middle FT3 group, and the differences
were statistically significant (all P<0.05). There weren’t
significant differences between FI3 and HDL-C, LDL-C
and TC (all P>0.05). The children with TIDM were
divided into 3 groups according to the FT4 tertile, and the
results indicated that there were no significant differences in
HDL-C, LDL-C, TC, TG, FBG and HbAlc in each group
(all P>0.05).

Discussion

The T1DM in children is caused by absolute lack of

insulin. Due to its poor pancreatic islet function and
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large fluctuations in blood sugar, it is more likely that
T2DM to be complicated by diabetic ketoacidosis, severe
hypoglycemia, diabetic retinopathy, diabetic nephropathy
and other complications (13,14), it may seriously affect
children’s quality of life and cause financial burdens on
families (15). Good glycemic control helps to delay or
prevent complications (16). T1DM patients are often
accompanied by dyslipidemia, and dyslipidemia is an
important risk factor for cardiovascular disease (17).
Therefore, evaluating the risk factors that affect glucose and
lipid metabolism disorders in TIDM patients is especially
important.

In addition to promoting tissue differentiation, maintaining
the excitability of the nervous system and promoting protein
synthesis (18), thyroid hormones can also affect sugar and lipid
metabolism (19), and it participates in the development of
various diseases such as diabetes, coronary heart disease (20).
Several reports (21-23) have explored the relationship
between thyroid hormones and glucose and lipid metabolism
in T2DM patients, and have provide some theoretical basis
for the treatment and T2DM. it’s been found in T2DM
female patients with normal thyroid function, TSH is
positively correlated with TC and LDL-C, but it has no
significant correlation with T'G and HDL-C, but in male
patients, TSH and TC, TG, LDL-C and HDL-C have no
obvious correlation (24). Besides, it has found that in T2DM
patients with normal thyroid function, TSH was positively
correlated with TG and HbAlc (25), and it has no significant
correlation with FBG, LDL-C and HDL-C, while FT3
and FT4 had no significant relations to glucose and lipid
metabolism (26). Previous studies (27-29) have indicated that
in T2DM patients, thyroid hormone levels are closely related
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to glucose and lipid metabolism, but there are few studies on
the relationship between thyroid hormone levels and glucose
and lipid metabolism in T1DM patients, especially in TIDM
children with normal thyroid function. We have explored
the relationship between thyroid hormone levels and blood
glucose and blood lipid metabolism in children with normal
thyroid function and primary T1DM. The results indicate
that TSH is positively correlated with LDL-C, TC and
TG, negatively correlated with FBG and HbAlc, and FT3 is
negatively correlated with TG, FBG and HbAlc.

When patients with TIDM are in a state of
hyperglycemia, insulin secretion is relatively insufficient,
and the body’s glucose metabolism activity is reduced, the
energy utilization of thyroid follicular cells is reduced,
which causes iodine pump dysfunction and the thyroid's
response to TSH is reduced (30,31). It reduces the thyroid
hormone synthesis, which in turn affects the activity of
5'-deiodinase, and FT73 levels are reduced (32). When
blood glucose is poorly controlled for a long time, the body
is in an obvious metabolic disorder, which may indirectly
affect the function of the hypothalamic pituitary thyroid
axis system (33). Insensitivity leads to a decrease in TSH
secretion. FT3 affects the antilipolytic effect of insulin,
resulting in a significant increase in free FFA concentration
and an increase in T'G synthesis (34). In addition, when
TSH increases, although the synthesis of cholesterol
decreases, the rate of excretion is lower, which increases the
concentration of LDL-C, TC and TG in the blood (35,36),
but the specific mechanism needs to be further studied.

The current study found that diabetes combined with
abnormal thyroid hormone is mainly manifested by the
reduction of TSH and/or T3 levels, and the changes of T4
are mostly insignificant. This study also found in patients
with T1DM, compared with the healthy control group,
TSH and FT3 are reduced, and F'T4 has no obvious changes.
Some scholars (37-39) believe that this phenomenon is a
state of low metabolism in the body. To avoid consumption
caused by excessive metabolism, a regulation or defense
mechanism may link, further researches on the specific
mechanism is still needed. The current study has found
that diabetes combined with abnormal thyroid hormone
is mainly manifested by the reduction of TSH and/or
T3 levels. This study also found in patients with T1DM,
compared with the healthy control group, TSH and FT3
are reduced, and FT4 has no obvious changes. Some
researches on blood lipids and type 1 diabetes have made
some progress, but there is no unified conclusion on the
relations. Further researches are needed to identify the
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molecular biology and pathophysiological mechanisms.

Conclusions

In conclusion, we have found that in T1DM patients
with normal thyroid function, thyroid hormone levels are
closely related to glucose and lipid metabolism, so it is
particularly important to detect thyroid function in T1DM
patients, which is helpful for early detection and correction
of abnormal thyroid function, and it may further improve
the disorder of glucose and lipid metabolism and prevent
the complications of T1DM. Still, the immunity system
disorder is reported to be associated with T1DM, testing
the lymphocytes and inflammatory factors may provide
more elucidations on the mechanisms of T1DM, which
should be further evaluated in future studies.
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