
Page 1/16

The changes of thyroid hormone in euthyroid
patients with diabetes
Ken Qin 

Sichuan University West China Hospital
Fan Zhang 

Sichuan University West China Hospital
Qinqin Wu 

Sichuan University West China Hospital
Zhenrong Liu 

Sichuan University West China Hospital
Yan Huang 

Sichuan University West China Hospital
Jing Tan 

Sichuan University West China Hospital
Yiling Zhou 

Sichuan University West China Hospital
Zhenmei An 

Sichuan University West China Hospital
Shuangqing Li 

Sichuan University West China Hospital
Sheyu Li  (  lisheyu@gmail.com )

Sichuan University West China Hospital https://orcid.org/0000-0003-0060-0287

Research article

Keywords: diabetes mellitus, thyroid hormones, triiodothyronine, thyroxine

Posted Date: April 2nd, 2020

DOI: https://doi.org/10.21203/rs.3.rs-19370/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-19370/v1
mailto:lisheyu@gmail.com
https://orcid.org/0000-0003-0060-0287
https://doi.org/10.21203/rs.3.rs-19370/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Version of Record: A version of this preprint was published at Diabetes, Metabolic Syndrome and Obesity:
Targets and Therapy on July 1st, 2020. See the published version at
https://doi.org/10.2147/DMSO.S260039.

https://doi.org/10.2147/DMSO.S260039


Page 3/16

Abstract
Background Thyroid dysfunction is suggested to be associated with diabetes, but it is not clear if the
thyroid hormone levels are associated with diabetes in euthyroid adults. Objective To investigate the
association between thyroid hormone levels and diabetes in euthyroid adults.

Methods Among the euthyroid adults who underwent health examination in West China Hospital, Sichuan
University in 2016, patients with diabetes were identi�ed according to the medical history, fasting blood
glucose and HbA1c. Age and sex matched controls were identi�ed from the population. The patients with
diabetes group was further divided into two subgroups: patients with newly diagnosed diabetes (NDD)
and with previously diagnosed diabetes (PDD). Independent t-test and multivariate logistic regression
models were used to investigate the difference on the levels of thyroid stimulating hormone (TSH), free
thyroxine (FT4), free triiodothyronine (FT3) and the ratio of FT4/FT3 between groups.

Results We included 32,557 participants, 2,271 with diabetes and 1,187 NDD. Compared to the patients
without diabetes, the odds ratios (ORs) per one unit of TSH, FT4, FT4/FT3 ratio and FT3 in patients with
diabetes were 0.88 [95% con�dence interval (CI): 0.82-0.95], 1.11 (95% CI: 1.08-1.14), 2.05 (95%CI: 1.81-
2.32) and 0.85 (95%CI: 0.78-0.93), respectively. Compared to NDD group, the ORs per one unit of TSH,
FT4, FT4/FT3 ratio and FT3 of the PDD group were 0.81 (95%CI: 0.71-0.92), 1.08 (95%CI: 1.04-1.12), 1.76
(95%CI: 1.49-2.08) and 1.01 (95%CI: 0.92-1.12), respectively.

Conclusion In euthyroid adults, diabetes and its duration were signi�cantly associated with thyroid
hormone turnover. Patients with a previously diagnosed diabetes may be more likely to present elevated
FT4/FT3 ratio, indicating an adaptive change of thyroid gland.

Introduction
Thyroid hormones play a key role in the energy metabolism, body shape, aging, and glucose and lipid
metabolism in human (1–5). Accumulated evidence suggests that both hypothyroidism and
hyperthyroidism are associated with the incidence of diabetes. Both too much or too little thyroid
hormones have an impact on the progression of diabetes, and thyroid dysfunction is also involved in the
occurrence and development of T2DM disease and affects the prognosis of diabetes. (6–10). Ashwini et
al. believed that mild hypothyroidism protects adults from glucose tolerance and the body's redox
balancing (11). Some in vitro and in vivo studies suggested that excessive thyroid hormone may impair
the function of islet beta cells, while appropriate concentration of thyroid hormone can inhibit the
apoptosis of islet beta cells and promote the proliferation of islet beta cells (12–14). Chaker et al. point
out low and low-normal thyroid function are risk factors for incident diabetes, especially in individuals
with prediabetes (15). However, the changes of thyroid hormone levels in euthyroid adults with diabetes
are still unclear. It is also unknown whether the diabetic patient with normal thyroid function have thyroid
hormone micro-disorder and how thyroid hormone levels change at different stages of diabetes in
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euthyroid adults. This study aimed to investigate the association between the levels of thyroid hormones
and diabetes among euthyroid population.

Methods
Study population

We retrospectively collected the health physical examination data from 1 January 2016 to 31 December
2016 in the Physical Examination Center of West China Hospital, Sichuan University.

We included the participants if they: 1) were aged between 20 to 79 years old; 2) had available data of
TSH, FT4, FT3, thyroid autoantibodies [Thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody
(TGAb)], hemoglobin A1c (HbA1c), and fasting blood glucose (FBG); 3) agreed the scienti�c use of their
health data and signed the informed consent.

We excluded the patients if their: 1) TPOAb or TGAb were positive; 2) TSH levels were higher than
4.2 mU/L or lower than 0.27 mU/L according to the normal ranges of reference; 3) FT4 or FT3 were out of
the normal ranges of reference (12.0 ~ 22.0 pmol/L and 3.60 ~ 7.50 pmol/L, respectively); 4) recorded
history included thyroid surgery, diagnosed hypothyroidism, hyperthyroidism or thyroid malignancy; 5) co-
morbidities included malignancy, coronary artery disease, stroke, chronic obstructive pulmonary disease
(COPD) or cirrhosis; 6) estimated glomerular �ltration rate (eGFR) was less than 60 mL/(min·1.73 m2).

Grouping

Participants were identi�ed as having diabetes if they had previous history of diagnosed diabetes or FBG 
> 7.0 mmol/L or HbA1c > 6.5% (16). The previous history of diagnosed diabetes was identi�ed by patient
self-report with validated records provided by well-trained physicians. Controls without diabetes were
identi�ed by 1:1 matching using sex, age (threshold < = 1yrs) and BMI (threshold < = 0.5 kg/m2). The
patients with diabetes were further divided into two subgroups, patients with newly diagnosed diabetes
(NDD) group if they had elevated FBG (> 7.0 mmol/L) or HbA1c (> 6.5%) but free of self-reported previous
diagnosed diabetes, and patients with previously diagnosed diabetes (PDD) group if they had history of
diagnosed diabetes before the visit.

Data source

The data was from the Health Physical Examination Center dataset in West China Hospital of Sichuan
University. The comorbidities were routinely collected by physician interviewing. Weight (kg), height (cm),
waist circumference (WC, cm), and blood pressure were measured. Body mass index (BMI) was
calculated using weight (kg) divided by the square of height (m2). Thyroid hormones and thyroid
autoantibodies were tested using electrochemiluminescence immunoassay (Roche). Other parameters
were tested using cobas8000 (Roche) in the clinical laboratory of the hospital, including HbA1c,
triglyceride (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),
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alanine aminotransferase (ALT), aspartate aminotransferase (AST) and glutamyl transpeptidase (GGT).
The eGFR was calculated using the CKD-EPI Creatinine Eq. (2009) (17).

Statistical analyses

The continuous variables, TG, HbA1c, FBG, FT3, HDL-C, ALT, AST, GGT and eGFR, had been tested to be
non-normal distribution by Kolmogorov-Smirnov test, between groups, patients with diabetes vs. patients
without non-diabetes, NDD vs. PDD groups. After these variables were transformed to more closely to
normal distribution by log transformation, independent t-test was used to investigate the difference of
these continuous variables between these groups. The comparison of categorized variables was
conducted by using the Chi-squared test. To compare the levels of TSH, FT4, FT3 and the ratio of
FT4/FT3 between patients with diabetes group and patients without diabetes group, we used three
logistic regression models which were univariate model (Model 1); multivariate model adjusted for DBP
and TG (Model 2); multivariate model adjusted for Model 2 + ALT and eGFR (Model 3). To compare the
four thyroid hormone outcomes between NDD group and PDD group, four logistic regression models were
performed, including univariate model (Model 1); multivariate model adjusted for age, sex and BMI
(Model 2); multivariate model adjusted for Model 2 + DBP and TG (Model 3); multivariate model adjusted
for Model 3 + ALT and eGFR (Model 4). The signi�cance level of all analyses above was considered as
0.05, and all analyses were performed using SPSS 24.0.

Results
Baseline characteristics of the study subjects

According to the study population selection criteria, 32,557 participants were selected into our study from
170,896 people who underwent physical examinations in 2016 in West China Hospital, Sichuan
University. There were 2,271 (7.0%) cases of diabetes, of which 1,187 cases were NDD and 1,084 cases
were PDD. The process of study population selection was shown as �ow chart (Fig. 1).

As shown in Table 1, average age and the percentage of previously diagnosed hypertension increased
from patients without diabetes, NDD to PDD group. After patients with diabetes and without diabetes
groups were matched by sex, age and BMI, patients with diabetes presented higher levels of FT4, TG,
FPG, HbA1c, ALT, AST, GGT, eGFR, SBP, DBP, and WC, a higher FT4/FT3 ratio, a higher percentage of the
previously diagnosed hypertension and a higher proportion of current alcohol drinking and smoking, but
lower levels of TSH, FT3, LDL-C, and HDL-C than without diabetes group (p < 0.01). Compared to the NDD
group, patients in PDD group showed higher levels of FT4, FPG, and HDL-C, a higher FT4/FT3 ratio (P < 
0.01) and a higher portion of female (P = 0.03), but lower levels of FT3, TG, LDL-C, ALT, AST, GGT, SBP,
DBP, BMI, and WC and a lower proportion of current alcohol drinking and smoking (P < 0.05). There were
no statistically signi�cant differences on the levels of TSH, eGFR, and HbA1c between NDD and PDD
groups (P > 0.05).
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Table 1
Baseline characteristics of participants.

Parameter Control
(n = 
30354)

DM
(n = 2271)

Matched
control
(n = 
2243)

Matched
DM
(n = 
2243)

P

NDD
(n = 
1187)

PDD
(n = 
1084)

P

Age/yr. (SD) 43.30 ± 
11.01

51.66 ± 
9.96

55.84 ± 
9.51

< 
0.001

53.42 ± 
9.94

53.54 ± 
9.85

0.68

Female/case (%) 12212
(40.32)

207
(17.44)

227
(20.94)

0.03 422
(18.81)

422
(18.81)

> 
0.99

BMI (kg/m2, SD) 23.58 ± 
3.22

26.08 ± 
3.18

24.97 ± 
2.91

< 
0.001

25.45 ± 
2.98

25.47 ± 
2.98

0.79

WC/ (cm, SD) 80.21 ± 
10.03

89.17 ± 
8.88

86.96 ± 
8.69

< 
0.001

86.76 ± 
8.49

87.97 ± 
8.64

< 
0.001

Current
smoking/case (%)

7356
(24.29)

474
(39.93)

352
(32.47)

< 
0.001

25 (1.11) 819
(36.51)

< 
0.001

Current
drinking/case (%)

3630
(11.99)

263
(22.16)

175
(16.14)

< 
0.001

12 (5.35) 437
(19.48)

< 
0.001

Hypertension/case
(%)

1891
(6.24)

239
(20.13)

318
(29.34)

< 
0.001

333
(14.85)

541
(24.12)

< 
0.001

SBP/ (mmHg, SD) 117.19 
± 15.54

129.57 
± 17.71

127.88 ± 
17.24

0.02 125.10 ± 
15.77

128.58 
± 17.46

< 
0.001

DBP/ (mmHg, SD) 74.00 ± 
10.61

80.70 ± 
11.51

76.95 ± 
10.46

< 
0.001

77.96 ± 
10.28

78.88 ± 
11.16

0.004

FPG/ (mmol/L, SD)
b

4.99 ± 
0.52

8.30 ± 
2.66

8.68 ± 
3.03

0.01 5.15 ± 
0.55

8.49 ± 
2.86

< 
0.001

HbA1c/ (%, SD) b 5.42 ± 
0.35

7.34 ± 
1.38

7.45 ± 
1.59

0.22 5.56 ± 
0.36

7.40 ± 
1.49

< 
0.001

TSH: thyroid stimulating hormone; FT4: free thyroxine; FT3: free triiodothyronine; TPOAb: thyroid
peroxidase antibody; TGAb: thyroglobulin antibody; HbA1c: hemoglobin A1c; COPD: chronic
obstructive pulmonary disease; eGFR: estimated glomerular �ltration rate; BMI: body mass index;
FPG: Fasting plasma glucose; TG: triglyceride; HDL: high density lipoprotein; LDL-C: low density
lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; GGT: glutamyl transpeptidase; DBP: diastolic blood pressure; SBP:
Systolic blood pressure; WC: Waist circumstance; DM: diabetes mellitus; NDD: newly diagnosed as
diabetes; PDD: previously diagnosed as diabetes.

b Transferred to normal distribution. 1 mmHg = 0.133 kPa.
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Parameter Control
(n = 
30354)

DM
(n = 2271)

Matched
control
(n = 
2243)

Matched
DM
(n = 
2243)

P

NDD
(n = 
1187)

PDD
(n = 
1084)

P

TG/ (mmol/L, SD)b 1.51 ± 
1.20

2.74 ± 
2.42

2.01 ± 
1.74

< 
0.001

1.67 ± 
1.073

2.40 ± 
2.16

< 
0.001

LDL-C/ (mmol/L,
SD)

2.74 ± 
0.73

2.94 ± 
0.81

2.76 ± 
0.79

< 
0.001

2.90 ± 
0.72

2.85 ± 
0.81

< 
0.001

HDL-C/ (mmol/L,
SD) b

1.41 ± 
0.40

1.19 ± 
0.34

1.26 ± 
0.37

< 
0.001

1.31 ± 
0.34

1.21 ± 
0.35

< 
0.001

TSH/ (mU/L, SD) 2.29 ± 
0.87

2.26 ± 
0.89

2.28 ± 
0.88

0.69 2.35 ± 
0.89

2.27 ± 
0.88

0.001

FT4/ (pmol/L, SD) 16.90 ± 
2.31

16.96 ± 
2.30

17.23 ± 
2.41

0.01 16.62 ± 
2.22

17.09 ± 
2.35

0.001

FT3/ (pmol/L, SD) b 5.06 ± 
0.86

5.11 ± 
1.02

4.88 ± 
0.88

< 
0.001

5.07 ± 
0.65

5.00 ± 
0.97

< 
0.001

FT4/FT3 (SD) 3.38 ± 
0.48

3.38 ± 
0.56

3.58 ± 
0.55

< 
0.001

3.31 ± 
0.48

3.47 ± 
0.56

0.004

ALT/ (IU/L, SD) b 27.98 ± 
24.99

38.24 ± 
32.53

29.77 ± 
18.33

< 
0.001

31.35 ± 
23.80

34.11 ± 
27.06

< 
0.001

AST/ (IU/L, SD) b 25.96 ± 
15.00

30.23 ± 
17.58

26.39 ± 
13.37

< 
0.001

27.85 ± 
12.91

28.32 ± 
15.83

< 
0.14

GGT/ (IU/L, SD) b 33.85 ± 
42.95

69.38 ± 
119.11

43.92 ± 
94.03

< 
0.001

36.33 ± 
40.82

57.32 ± 
109.16

< 
0.001

eGFR
(mL/(min·1.73 m2),
SD) b

97.03 ± 
17.55

89.99 ± 
14.33

89.13 ± 
13.58

0.22 86.33 ± 
14.25

89.64 ± 
13.98

< 
0.001

TSH: thyroid stimulating hormone; FT4: free thyroxine; FT3: free triiodothyronine; TPOAb: thyroid
peroxidase antibody; TGAb: thyroglobulin antibody; HbA1c: hemoglobin A1c; COPD: chronic
obstructive pulmonary disease; eGFR: estimated glomerular �ltration rate; BMI: body mass index;
FPG: Fasting plasma glucose; TG: triglyceride; HDL: high density lipoprotein; LDL-C: low density
lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; GGT: glutamyl transpeptidase; DBP: diastolic blood pressure; SBP:
Systolic blood pressure; WC: Waist circumstance; DM: diabetes mellitus; NDD: newly diagnosed as
diabetes; PDD: previously diagnosed as diabetes.

b Transferred to normal distribution. 1 mmHg = 0.133 kPa.

The changes of thyroid parameters in patients with diabetes and without diabetes groups
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As shown in Table 2, diabetes was associated with lower TSH and FT3 levels but higher FT4 level and
FT4/FT3 ratio in all three models. Compared to patients without diabetes, the ORs per one unit and their
95% CIs of TSH, FT4, FT3 and FT4/FT3 in patients with diabetes were 0.88 (0.82–0.95), 1.11 (1.08–
1.14), 0.85 (0.78–0.93) and 2.05 (1.81–2.32) in Model 3, respectively (P < 0.001).

Table 2
The association between diabetes and thyroid parameters..

  Model1 Model2 Model3

OR
(95% CI)

P OR
(95% CI)

P OR
(95% CI)

P

TSH 0.90
(0.84–0.96)

0.001 0.88
(0.82–0.94)

< 0.001 0.88
(0.82–0.95)

< 0.001

FT4 1.10
(1.07–1.13)

< 0.001 1.11
(1.08–1.14)

< 0.001 1.11
(1.08–1.14)

< 0.001

FT3 0.89
(0.82–0.97)

< 0.001 0.86
(0.78–0.93)

< 0.001 0.85
(0.78–0.93)

< 0.001

FT4/FT3 1.84
(1.64–2.07)

< 0.001 2.02
(1.79–2.28)

< 0.001 2.05
(1.81–2.32)

< 0.001

a. Model 1: univariate; Model 2: DBP and TG; Model 3: DBP, TG, ALT and eGFR.

b. TSH: Thyroid Stimulating Hormone; FT4: Free thyroxine; FT3: Free triiodothyronine; DBP: Diastolic
blood pressure; eGFR: estimated glomerular �ltration rate; TG: triglyceride; ALT: alanine
aminotransferase.

The changes of thyroid parameters in NDD and PDD groups

As shown in Table 3, patients in PDD group presented lower FT3 level but higher FT4 level and
FT4/FT3 ratio in all four models. Compared to NDD group, the ORs per one unit and their 95% CIs of
FT4, FT3 and FT4/FT3 in PDD group were 1.08 (1.04–1.12; P < 0.001), 0.81 (0.71–0.92; P = 0.002)
and 1.76 (1.49–2.08; P < 0.001) in Model 4, respectively.
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Table 3
The difference of thyroid parameters between newly diagnosed diabetes and previously diagnosed

diabetes.

  Model1 Model2 Model 3 Model4

OR
(95% CI)

P OR
(95% CI)

P OR
(95% CI)

P OR
(95% CI)

P

TSH 1.02
(0.93–
1.12)

0.69 1.00
(0.91–
1.10)

0.98 1.01
(0.91–
1.11)

0.91 1.01
(0.92–
1.12)

0.78

FT4 1.05
(1.01–
1.09)

0.01 1.08
(1.04–
1.12)

< 
0.001

1.08
(1.04–
1.12)

< 
0.001

1.08
(1.04–
1.12)

< 
0.001

FT3 0.67
(0.59–
0.76)

< 
0.001

0.80
(0.70–
0.91)

0.001 0.79
(0.69–
0.90)

< 
0.001

0.81
(0.71–
0.92)

0.002

FT4/FT3 1.97
(1.68–
2.31)

< 
0.001

1.80
(1.52–
2.12)

< 
0.001

1.82
(1.54–
2.15)

< 
0.001

1.76
(1.49–
2.08)

< 
0.001

a. Model1: none (univariate); Model2: age, sex, BMI; Model 3: age, sex, BMI, DBP and TG; Model4: age,
sex, BMI, DBP, TG, ALT and eGFR.

b. TSH: Thyroid Stimulating Hormone; FT4: Free thyroxine; FT3: Free triiodothyronine; DBP: Diastolic
blood pressure; BMI: body mass index; eGFR: estimated glomerular �ltration rate; TG: triglyceride; ALT:
alanine aminotransferase.

Discussion
This cross-sectional population-based study suggested that thyroid hormone pro�les were associated
with diabetes and its duration in euthyroid adults. FT4/FT3 ratio elevated signi�cantly in patients with
diabetes, especially in those with PDD, indicating the progression of diabetes may go along with a
decreased turnover of thyroxine (18,19) and increased chances of developing euthyroid sickness
syndrome (ESS) (20–23).

The association between diabetes and thyroid dysfunction including hyperthyroidism and
hypothyroidism was well established in previous literature (6,7). Our study observed euthyroid adults,
suggesting euthyroid participants with diabetes had lower TSH, FT3 levels, and higher FT4 level and
FT4/FT3 ratio than those without diabetes, which is in line with another cross-sectional study from China
(24). Interestingly, two longitudinal studies from Korea did not prove a statistically signi�cant association
between the incidence of diabetes and the suppressed TSH level, but the individual-level changes of TSH
(25,26). However, a cohort study from Rotterdam suggested that higher TSH levels and lower FT4 levels
within the reference range of thyroid function were associated with a higher risk of diabetes (15), while
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another cohort study in Netherland showed no association between plasma TSH levels and incident
T2DM (27). The difference of these results can be explained by the study population. All participants with
thyroid autoimmunity were excluded from our analysis. They are found in over 10% in the population and
likely to develop early stage of thyroid dysfunction, which may elevate or reduce the TSH levels. None of
the previous studies excluded the impact of thyroid autoimmunity, which may slightly affect the results
(15, 25–27). To be noted, two cohort studies from Netherland included Caucasian adults with higher
cardiovascular risks than our study population (15,27), while the Korean study are more in line with us
(25,26). It suggests this association can be ethnicity-based, and needs more validation in different
populations. The suppressed TSH level in the PDD group may be partially explained by the increased risk
of ESS and metformin therapy in these population (9,28,29). The changes of thyroid hormone pro�les
might be due to that oxidative stress, related to long-term diabetes and its complications, could induce
inhibition of type 1 (D1) 5′deiodinases in liver and kidneys which results in a decrement of peripheral
deiodinase activity (20). This change downregulates the transformation from tetraiodothyronine (T4) to
triiodothyronine (T3), but upregulates the transformation from tetraiodothyronine (T4) to reverse
triiodothyronine (rT3) (30,31), meaning the FT3 level declined and the FT4/FT3 ratio evaluated as the
duration grew, indicating the typical change of ESS (32) along with the deterioration of diabetes.

Our study has some strengths. Firstly, the study population enrolled large population with con�rmed
euthyroid adults, which may better re�ect the pathophysiological changes of thyroid hormones in
patients with diabetes. Secondly, matched controls were used and three multivariate models in the study
showed consistent results, which suggested the robustness of our results.

However, our study has several limitations. Firstly, this study is a cross-sectional study, failing to conclude
the causation between thyroid hormone pro�les and diabetic development. Secondly, the study
population was recruited from the health examination population, possibly different from the community-
based population. Thirdly, we could not access the detailed duration of diabetes or the undergoing
treatment of the patients, which might be unadjusted biases in the study, but we could conclude the
duration of PDD was longer than that of NDD, since all patients in NDD were diagnosed in 2016, while all
patients in PDD were diagnosed before 2016.

Conclusion
Our study found a reduced thyroid hormone turnover in euthyroid patients with diabetes, especially in
those with longer diabetes duration, which manifested the diabetes incidence and deterioration was
accompanied with decreased thyroid hormone turnover. To determine our results, we need to conduct a
longitudinal study of normal thyroid adults without thyroid autoimmunity in our other study.

Abbreviations
NDD
newly diagnosed as diabetes;
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PDD
previously diagnosed as diabetes;
TSH
thyroid stimulating hormone;
FT4
free thyroxine;
FT3
free triiodothyronine;
Odds ratios
ORs;
Con�dence interval
CI;
TPOAb
thyroid peroxidase antibody;
TGAb
thyroglobulin antibody;
HbA1c
hemoglobin A1c;
COPD
chronic obstructive pulmonary disease;
eGFR
estimated glomerular �ltration rate;
BMI
body mass index;
FPG
Fasting plasma glucose;
TG
triglyceride;
HDL
high density lipoprotein;
LDL-C
low density lipoprotein cholesterol;
HDL-C
high density lipoprotein cholesterol;
ALT
alanine aminotransferase;
AST
aspartate aminotransferase;
GGT
glutamyl transpeptidase;
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DBP
diastolic blood pressure;
SBP
Systolic blood pressure;
WC
Waist circumstance;
DM
diabetes mellitus;
Reverse triiodothyronine
rT3;
Type 1 deiodinases
D1;
Euthyroid sickness syndrome
ESS;
Tetraiodothyronine
T4;
Triiodothyronine
T3.

Declarations
Ethics approval and consent to participate

This study is approved by the ethical committee of West China Hospital, Sichuan University (No. 2015-
202). Only subjects were included if they signed informed consent agreeing the scienti�c use of their
health data.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors have no con�icts of interest to declare. No �nancial disclose.

Funding



Page 13/16

This study was supported by 1.3.5 Project for Disciplines of Excellence, West China Hospital, Sichuan
University (grant number ZYGD18022) and Sichuan Science and Technology Program (grant numbers
2017RZ0046, 2018SZ0087 and 2019YFH0150). Sheyu Li has also received grants from the National
Natural Science Foundation of China (grant number 81400811 and 21534008).

Authors' contributions

(I) Conception and design: SYL, SJL and ZMA; (II) Administrative support: FZ, YH and ZMA; (III) Provision
of study materials or patients: Physical Examination Center, West China Hospital, Sichuan University; (IV)
Collection and assembly of data: KQ, FZ, QW, ZL and YH; (V) Data analysis and interpretation: KQ, FZ,
QW, SQL and SYL; (VI) Manuscript drafting: KQ, YZ and SYL; Critical revise: all authors; (VII) Final
approval of manuscript: All authors.

Acknowledgements

Not applicable.

References
1. McAninch E, Bianco A. Thyroid hormone signaling in energy homeostasis and energy metabolism.

Ann N Y Acad Sci. 2014 ;1311:77–87. [Free full text] [PubMed]

2. Meruvu S, Ayers S, Winnier G, et al. Thyroid hormone analogues: where do we stand in 2013?
Thyroid. 2013;23(11):1333–44. [PubMed]

3. Sinha R, Singh B, Yen P. Thyroid hormone regulation of hepatic lipid and carbohydrate metabolism.
Trends Endocrinol Metab. 2014;25(10):538–45. [Free full text] [PubMed]

4. Alkemade A. Central and Peripheral Effects of Thyroid Hormone Signalling in the Control of Energy
Metabolism. J Neuroendocrinol. 2010;22(1):56–63. [PubMed]

5. Warner A, Mittag J. Thyroid hormone and the central control of homeostasis. J Mol Endocrinol.
2012;49(1):R29–35. [Free full text] [PubMed]

�. Díez J, Iglesias P. Subclinical hyperthyroidism in patients with type 2 diabetes. Endocrine.
2012;42(1):157-63. [Free full text] [PubMed]

7. Han C, He X, Xia X, et al. Subclinical Hypothyroidism and Type 2 Diabetes: A Systematic Review and
Meta-Analysis. PLoS One. 2015;10(8):e0135233. [Free full text] [PubMed]

�. Distiller L, Polakow E, Joffe B. Type 2 diabetes mellitus and hypothyroidism: the possible in�uence of
metformin therapy. Diabet Med. 2014;31(2):172–5. [PubMed]

9. Furukawa S, Yamamoto S, Todo Y, et al. Association between subclinical hypothyroidism and
diabetic nephropathy in patients with type 2 diabetes mellitus. Endocr J. 2014;61(10):1011–8.
[PubMed]

10. Khatiwada S, KC R, Sah S, et al. Thyroid Dysfunction and Associated Risk Factors among Nepalese
Diabetes Mellitus Patients. Int J Endocrinology. 2015: 1–5. [Full free text] [PubMed]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451242/
https://www.ncbi.nlm.nih.gov/pubmed/24697152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyroid+hormone+analogues%3A+where+do+we+stand+in+2013%3F
https://www.sciencedirect.com/science/article/pii/S104327601400126X?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/25127738
https://www.ncbi.nlm.nih.gov/pubmed/19912477
https://jme.bioscientifica.com/view/journals/jme/49/1/R29.xml
https://www.ncbi.nlm.nih.gov/pubmed/22586142
https://link.springer.com/article/10.1007%2Fs12020-012-9621-3
https://www.ncbi.nlm.nih.gov/pubmed/22327927
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4535849/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Subclinical+Hypothyroidism+and+Type+2+Diabetes%3A+A+Systematic+Review+and+Meta-Analysis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Type+2+diabetes+mellitus+and+hypothyroidism%3A+the+possible+influence+of+metformin+therapy.
https://www.ncbi.nlm.nih.gov/pubmed/25100149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4576006/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyroid+Dysfunction+and+Associated+Risk+Factors+among+Nepalese+Diabetes+Mellitus+Patients


Page 14/16

11. Ashwini S, Bobby Z, Joseph M. Mild hypothyroidism improves glucose tolerance in experimental type
2 diabetes. Chem Biol Interact. 2015; 235:47-55. [Full free text] [PubMed]

12. Misiti S, Anastasi E, Sciacchitano S,et al. 3,5,3'-Triiodo-L-thyronine enhances the differentiation of a
human pancreatic duct cell line (hPANC-1) towards a beta-cell-Like phenotype. J Cell Physiol. 2005;
204(1):286-96. [Full free text] [PubMed]

13. Furuya F, Shimura H, Yamashita S, et al. Liganded thyroid hormone receptor-alpha enhances
proliferation of pancreatic beta-cells. J Biol Chem. 2010; 285(32): 24477-86. [Full free text] [PubMed]

14. Falzacappa C, Panacchia L, Bucci B, et al. 3,5,3'-triiodothyronine (T3) is a survival factor for
pancreatic beta-cells undergoing apoptosis. J Cell Physiol. 2006;206(2):309-21. [Full free text]
[PubMed]

15. Chaker L, Ligthart S, Korevaar T, et al. Thyroid function and risk of type 2 diabetes: a population-
based prospective cohort study. BMC Med. 2016; 14(1):150. [Full free text] [PubMed]

1�. American Diabetes Association. Standards of medical care in diabetes. Chapter 2: Classi�cation and
Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2018. Diabetes Care 2018;
41(Supplement 1): S13-S27. [Full free text] [PubMed]

17. Levey A, Stevens L, Schmid C, et al. A new equation to estimate glomerular �ltration rate. Ann Intern
Med. 2009;150(9):604–12. [Free full text] [PubMed]

1�. Tarcin O, Abanonu G, Yazici D, et al. Association of Metabolic Syndrome Parameters with TT3 and
FT3/FT4 Ratio in Obese Turkish Population. Metab Syndr Relat Disord. 2012;10(2):137–42.
[PubMed]

19. Hulbert A. Thyroid hormones and their effects: a new perspective. Biol Rev Camb Philos Soc.
2000;75(4):519–631. [PubMed]

20. Lee S, Farwell A. Euthyroid Sick Syndrome. In: Comprehensive Physiology. Compr Physiol.
2016;6(2):1071-80. [PubMed]

21. Umpierrez G. Euthyroid sick syndrome. South Med J. 2002;95(5):506–13. [PubMed]

22. Moura Neto A, Zantut-Wittmann D. Abnormalities of Thyroid Hormone Metabolism during Systemic
Illness: The Low T3 Syndrome in Different Clinical Settings. Int J Endocrinol. 2016;2016:2157583.
[Free full text] [PubMed]

23. Moura Neto A, Parisi M, Alegre S, et al. Relation of thyroid hormone abnormalities with subclinical
in�ammatory activity in patients with type 1 and type 2 diabetes mellitus. Endocrine. 2016;51(1):63–
71. [Free full text] [PubMed]

24. Gu Y, Li H, Bao X, et al. The relationship between thyroid function and the prevalence of type 2
diabetes mellitus in euthyroid subjects. J Clin Endocrinol Metab. 2017;102(2):434-442. [Free full text]
[PubMed]

25. Jun J, Jin S, Jee J, et al. TSH increment and the risk of incident type 2 diabetes mellitus in euthyroid
subjects. Endocrine. 2017;55(3):944–53. [Free full text] [PubMed]

https://www.sciencedirect.com/science/article/pii/S0009279715001519?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mild+hypothyroidism+improves+glucose+tolerance+in+experimental+type+2+diabetes
https://onlinelibrary.wiley.com/doi/full/10.1002/jcp.20293
https://www.ncbi.nlm.nih.gov/pubmed/?term=3%2C5%2C3%27-Triiodo-L-thyronine+enhances+the+differentiation+of+a+human+pancreatic+duct+cell+line+(hPANC-1)+towards+a+beta-cell-Like+phenotype
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2915684/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liganded+thyroid+hormone+receptor-alpha+enhances+proliferation+of+pancreatic+beta-cells
https://onlinelibrary.wiley.com/doi/full/10.1002/jcp.20460
https://www.ncbi.nlm.nih.gov/pubmed/?term=3%2C5%2C3%27-triiodothyronine+(T3)+is+a+survival+factor+for+pancreatic+beta-cells+undergoing+apoptosis
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5043536/
https://www.ncbi.nlm.nih.gov/pubmed/27686165
https://care.diabetesjournals.org/content/41/Supplement_1/S13.long
https://www.ncbi.nlm.nih.gov/pubmed/29222373
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763564/
https://www.ncbi.nlm.nih.gov/pubmed/?term=new+equation+to+estimate+glomerular+filtration+rate.+Ann+Intern+Med.+2009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+of+Metabolic+Syndrome+Parameters+with+TT3+and+FT3%2FFT4+Ratio+in+Obese+Turkish+Population
https://www.ncbi.nlm.nih.gov/pubmed/11117200
https://www.ncbi.nlm.nih.gov/pubmed/?term=Euthyroid+Sick+Syndrome.+In%3A+Comprehensive+Physiology.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Umpierrez+GE.+Euthyroid+sick+syndrome
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075641/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abnormalities+of+Thyroid+Hormone+Metabolism+during+Systemic+Illness%3A+The+Low+T3+Syndrome+in+Different+Clinical+Settings.
https://link.springer.com/article/10.1007%2Fs12020-015-0651-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Relation+of+thyroid+hormone+abnormalities+with+subclinical+inflammatory+activity+in+patients+with+type+1+and+type+2+diabetes+mellitus
https://academic.oup.com/jcem/article/102/2/434/2972080
https://www.ncbi.nlm.nih.gov/pubmed/27906594
https://www.ncbi.nlm.nih.gov/pubmed/?term=TSH+increment+and+the+risk+of+incident+type+2+diabetes+mellitus+in+euthyroid+subjects.


Page 15/16

2�. Jun J, Jee J, Bae J, et al. Association Between Changes in Thyroid Hormones and Incident Type 2
Diabetes: A Seven-Year Longitudinal Study. Thyroid. 2017;27(1):29–38. [PubMed]

27. de Vries T, Kappelle L, van der Graaf Y, et al. Thyroid-stimulating hormone levels in the normal range
and incident type 2 diabetes mellitus. Acta diabetologica. 2019;56(4):431-40. [Full free text] [PubMed]

2�. Dimic D, Golubovic M, Radenkovic S, et al. The effect of metformin on TSH levels in euthyroid and
hypothyroid newly diagnosed diabetes mellitus type 2 patients. Bratisl Lek Listy. 2016; 117(8):433–
5. [Free full text] [PubMed]

29. Lupoli R, Di Minno A, Tortora A, et al. Effects of Treatment With Metformin on TSH Levels: A Meta-
analysis of Literature Studies. J Clin Endocrinol Metab. 2014;99(1):E143–8. [PubMed]

30. Lambadiari V, Mitrou P, Maratou E, et al. Thyroid hormones are positively associated with insulin
resistance early in the development of type 2 diabetes. Endocrine. 2011;39(1):28–32. [Free full text]
[PubMed]

31. Kadiyala R, Peter R, Okosieme O. Thyroid dysfunction in patients with diabetes: clinical implications
and screening strategies. Int J Clin Pract. 2010;64(8):1130–9. [PubMed]

32. Köhrle J. Thyroid hormone transporters in health and disease: advances in thyroid hormone
deiodination. Best Pract Res Clin Endocrinol Metab. 2007;21(2):173–91. [Free full text] [PubMed]

Figures

https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+Between+Changes+in+Thyroid+Hormones+and+Incident+Type+2+Diabetes%3A+A+Seven-Year+Longitudinal+Study.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6420678/
https://www.ncbi.nlm.nih.gov/pubmed/30259116
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+effect+of+metformin+on+TSH+levels+in+euthyroid+and+hypothyroid+newly+diagnosed+diabetes+mellitus+type+2+patients.
https://www.ncbi.nlm.nih.gov/pubmed/24203069
https://link.springer.com/article/10.1007%2Fs12020-010-9408-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyroid+hormones+are+positively+associated+with+insulin+resistance+early+in+the+development+of+type+2+diabetes
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyroid+dysfunction+in+patients+with+diabetes%3A+clinical+implications+and+screening+strategies
https://www.sciencedirect.com/science/article/pii/S1521690X07000310?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyroid+hormone+transporters+in+health+and+disease%3A+advances+in+thyroid+hormone+deiodination


Page 16/16

Figure 1

Screening process of the participants. a. TSH: thyroid stimulating hormone; FT4: free thyroxine; FT3: free
triiodothyronine; TPOAb: thyroid peroxidase antibody; TGAb: thyroglobulin antibody; COPD: chronic
obstructive pulmonary disease; eGFR: estimated glomerular �ltration rate.


