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Purpose: To explore the detection of thyroid nodules (TN) and related influencing factors in 
the population of prediabetes (PreDM) in northwest China’s Gansu Province.
Materials and Methods: A multi-stage stratified cluster random sampling method was 
used to select adult Han residents in Gansu Province for investigation, and recorded the 
clinical data of the subjects. The χ2 test was used to analyze the difference in TN detection 
rate of the PreDM population. Logistic regression analyzed the risk factors of TN in the 
PreDM population.
Results: This study included 2659 people with normal glucose tolerance (NGT) and PreDM, 
of which 440 people were detected with TN. Among the PreDM population, the TN 
detection rate was higher than in the NGT population (24.48% vs 15.00%; P<0.05). The 
detection rate of TN in the impaired fasting glucose (IFG), impaired glucose tolerance (IGT) 
and IFG+IGT group was also significantly higher than that in the NGT population 
(X2=4.117, X2=13.187, X2=13.016, all P<0.05), and of which, the IFG+IGT group was the 
highest (32.20%). The general trend of TN in the IFG, IGT and PreDM population all 
increased with age. General data showed that BMI, waist-to-height ratio, waist circumfer-
ence, TG, TC, LDL-C, FPG, 2h PG, HbA1c and TSH indicators in the TN group were higher 
than those in the Non-TN group (P<0.05). The logistic regression suggested that the risk 
factors for TN in the PreDM population were female, age increase, high SP, high TSH, high 
FPG, high LDL-C, hypertension and family history of diabetes (all P<0.05).
Conclusion: The detection rate of TN in the PreDM population is high, especially in the 
IFG+IGT population. Middle-aged and elderly people with hypertension and abnormal 
glucose and lipid metabolism should be treated reasonably and regularly, and their TN 
should be screened and followed up.
Keywords: prediabetes, thyroid nodules, risk factors

Introduction
PreDM is the transition state between normal glucose tolerance and diabetes.1 In 
recent years, with the rapid development of the economy, changes in people’s 
lifestyle and dietary structure, the prevalence of PreDM in adults in China has 
shown a rapid growth trend in the past decade, from 15.5% to 35.2%, and its 
prevention and treatment need to be paid great attention to.2,3 TN is a sporadic 
disease caused by the abnormal proliferation of local thyroid cells. The detection 
rate of TN in adults in China is about 20.4%, and there is a large disease base.4,5 

Epidemiological investigation shows that the detection rate of TN in people with 
abnormal glucose metabolism is significantly increased, suggesting that there may 
be a certain connection between the two diseases.6 At present, the study of TN is 
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mostly concentrated in the diabetic population, while the 
study of the PreDM population is less. This study focuses 
on the analysis of TN detection and related influencing 
factors in the adult PreDM population in Gansu Province, 
and provides reference ideas for clinical prevention of TN 
in the PreDM population.

Materials and Methods
Research Object
Selection method: a multi-stage stratified cluster random 
sampling method was used in Gansu Province. From 
September 4, 2016 to February 1, 2017, adult Han resi-
dents living in Lanzhou, Longnan, Dingxi, Baiyin and 
Linxia Prefecture for more than five years were randomly 
selected. Age 18–87 years, average (41.52±14.34) years. 
Exclusion criteria: (1) previous history of thyroid diseases; 
(2) patients who had received iodine-containing contrast 
agent examination or taken amiodarone in the past three 
months; (3) history of exposure to radioactive substances; 
(4) patients with severe liver and renal insufficiency; (5) 
patients with severe heart–brain dysfunction; (6) patients 
with malignant tumors; (7) diabetic patients; (8) pregnant 
women or lactating women; and (9) have taken drugs that 
interfere with blood lipids, blood pressure and thyroid 
function in the past 3 months, such as glucocorticoids, 
metoclopramide, propranolol and so on. Informed consent 
was signed by all participants (Medical Ethics Research 
Committee of the First Affiliated Hospital of China 
Medical University, AF-SOP-07-1.0-01).

Method
Common Data
Gender, age, height, weight, body mass index (BMI), waist 
circumference, heart rate, systolic blood pressure (SP), 
diastolic blood pressure (DP), family history of diabetes 
and history of hypertension were recorded.

Biochemical Index
(1) Blood lipid-related indexes: total cholesterol (TC, 
mmol/L), triglyceride (TG, mmol/L), high density lipopro-
tein cholesterol (HDL-C, mmol/L), low density lipoprotein 
cholesterol (LDL-C, mmol/L); (2) blood glucose-related 
indicators: fasting plasma glucose (FPG, mmol/L), 2h 
blood glucose after OGTT load (2h PG, mmol/L), glyco-
sylated hemoglobin (HbA1c, %); (3) thyroid function 
examination: thyroid-stimulating hormone (TSH, mIU/L), 
anti-thyroid peroxidase antibody (TPOAb, IU/mL), and 

anti-thyroid globulin antibody (TgAb, IU/mL); and (4) 
other tests: urinary iodine (UIC, ug/L).

Prediabetes Diagnostic Criteria and Grouping
According to Guidelines for the Prevention and Treatment 
of Type 2 Diabetes in China (WHO 1999),1 the diagnostic 
criteria are as follows: (1) normal glucose tolerance 
(NGT): FPG<6.1 mmol/L and 2h PG<7.8 mmol/L; (2) 
prediabetes (PreDM): (a) impaired fasting glucose (IFG): 
6.1 mmol/L≤FPG<7.0 mmol/L and 2h PG<7.8 mmol/L, 
(b) impaired glucose tolerance (IGT): 7.8 mmol/L≤2 
hPG<11.1 mmol/L and FPG<6.1 mmol/L, (c) impaired 
glucose tolerance combined with impaired fasting glucose 
(IFG+IGT): 6.1 mmol/L≤FPG<7.0 mmol/L and 7.8 mmol/ 
L≤2hPG<11.1 mmol/L; and (3) diabetes: FPG≥7.0 mmol/ 
L or 2h PG≥11.1 mmol/L.

Thyroid Nodule
(1) Thyroid ultrasound examination: the examiner was 
supine, so that the head was reared and the shoulder was 
as high as possible, resulting in complete exposure of the 
anterior cervical region. The unified purchased 
B-ultrasound machine was used, GE General Motors, 
model LOGIQα100 (probe resolution 7.5 Hz). Ultrasound 
diagnosis evaluation was performed by two senior doctors 
with rich clinical experience to observe the size and mor-
phology of TN.

(2) Diagnosis of thyroid nodules: the diagnosis of 
thyroid nodules was performed according to the 
Guidelines for diagnosis and treatment of adult thyroid 
nodules and differentiated thyroid carcinoma released by 
the American Thyroid Association in 2015.7 The subjects 
were divided into the thyroid nodule group (TN group) 
and the non-thyroid nodule group (Non-TN group) accord-
ing to whether they had thyroid nodule or not.

Statistical Method
SPSS 25.0 software was used for analysis. Normal distri-
bution measurement data were expressed as (x±s). Two 
independent sample t test was used for comparison 
between the two groups. Count data were described by 
frequency. The difference in prevalence between the two 
groups was compared by the χ2 test. Logistic regression 
analysis model was used to analyze the possible risk 
factors of PreDM and its different subtypes, and the test 
level α=0.05. Non-normal distribution data were expressed 
as median (Median, M), 25th, 75th percentile (P25, P75). 
Mann–Whitney U test was used between the two groups. 
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All the comparison results were statistically significant 
(P<0.05).

Results
Baseline Data Distribution of Survey 
Population
Baseline data of 2659 subjects, including region, education 
level, occupation, annual family income, are shown in Table 1.

Comparison of TN Detection Rate 
Between PreDM and Its Subtypes
In this study, a total of 2659 subjects were selected from 
NGT (2226 cases) and PreDM (433 cases), among which 
440 patients with TN were found (187 males and 253 
females). The results showed that the detection rate of 
TN in the PreDM population was 24. 48% (106/433). 
The detection rate of TN in male, female and total in the 
PreDM population were all significantly higher than that in 
the NGT population (X2=12. 87, X2=11. 81, X2=23. 57, all 
P<0. 001). Among all subtypes of PreDM, the detection 
rate of TN in the IFG+IGT population was the highest 
(32.20%), followed by IGT (23.34%) and IFG (22.99%) as 
shown in Table 2.

Distribution of TN Detection Rate in 
Different Age Groups Under Different 
Glucose Metabolism
The detection rates of TN in different subtypes of PreDM 
(IFG, IGT, IFG+IGT) were significantly higher than those 
in NGT (X2=4.117, X2=13.187, X2=13.016, all P<0.05). 
There was a statistically significant difference in the detec-
tion rate of TN among different age groups (PreDM, IFG, 
IGT) of different glucose metabolism groups (P<0.001), 
and they all showed an overall upward trend with age, as 
shown in Table 3.

Comparison of General Data Between 
TN Group and Non-TN Group
The subjects were divided into TN and Non-TN. The 
results showed that the age, BMI, SP, DP, waist–height 
ratio, waist circumference, FPG, 2h PG, TG, TC, LDL-C, 
HbA1c, TSH, TPOAb, TgAb of TN group were higher 
than those of the Non-TN group (P<0.05), and the urinary 
iodine level of the TN group was lower than that of the 
Non-TN group (P<0.05), as shown in Table 4.

Logistic Regression Analysis of Risk 
Factors for TN in Prediabetes Population 
with Different Subtypes
In the population of PreDM and its different subtypes, with TN 
as the dependent variable, the independent variables were 
screened by single factor analysis, and the multivariate analy-
sis was performed. Finally, gender, age, BMI, SP, DP, TSH, 
family history of diabetes, HbA1c, hypertension, LDL-C were 
independent variables. The multivariate logistic regression 
equation showed that the risk factors for TN in the PreDM 
population were gender, age, high SP, high TSH, high FPG, 
family history of diabetes, hypertension, and high LDL-C (all 
P<0.05). The risk factors for TN in the IFG population were 
gender, age, and high TSH (all P<0.05). The risk factors for 
TN in the IFG population were gender and age (all P<0.05). 
The risk factors for TN in the IFG+IGT population were age, 
high SP, high HbA1c, hypertension, and high LDL-C (all 
P<0.05), as shown in Table 5.

Table 1 Baseline Data Distribution of Survey Population

Characteristics Number of 
Cases

Composition 
Ratio

Area

Urban 1224 46.03

Rural 1435 53.97

Education

Illiteracy 358 13.46
Primary school 226 8.50

Junior high school 433 16.82
Senior high school/technical 

secondary school

420 15.79

Undergraduate/junior college 1146 43.09
Postgraduate 76 2.96

Profession
Worker 674 25.35

Farmer 1021 38.40

Staff 628 23.62
Housework 57 2.14

Student 84 3.15

Other 195 7.33

Family income (thousand yuan)

≤5 78 2.93
5~10 167 6.28

10~30 584 21.96

30~50 518 19.48
50~100 831 31.25

>100 481 18.09
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Discussion
With the continuous development of the social econ-
omy and the improvement of people’s living standards, 
the prevalence of PreDM in Chinese residents has 
shown a rapid growth trend, and abnormal glucose 
metabolism has gradually become an important 

influencing factor for many diseases.2 At the same 
time, as one of the most common thyroid diseases, 
the harmfulness of TN has attracted the attention of 
the whole society, but the influence mechanism 
between glucose metabolism and TN is not clear, 
which needs further study.8

Table 2 Comparison of TN Detection Among Preiabetes and Its Subtypes Population

Male Female P* χ2 Total

n TN, n (%) n TN, n (%) n TN, n (%)

PreDM 229 49 (21.40) 204 57 (27.94) 0.114 2.50 433 106 (24.48)

IFG 44 11 (25.00) 43 9 (20.93) 0.652 0.20 87 20 (22.99)

IGT 150 28 (18.67) 137 39 (28.47) 0.050 3.84 287 67 (23.34)

IFG+IGT 35 10 (28.57) 24 9 (37.50) 0.471 0.52 59 19 (32.20)

NGT 1114 138 (12.39) 1112 196 (17.63) 0.001 11.97 2226 334 (15.00)

P# <0.001 <0.001 – <0.001

X2 12.87 11.81 23.57

Total 1343 187 (13.92) 1316 253 (19.37) <0.001 13.53 2659 440

Notes: n: male or female; TN, n (%): patients with thyroid nodules, respective prevalence; P*: comparison of TN between male and female patients; P#: comparison of TN 
between PreDM and NGT population.

Table 3 Distribution of TN Detection Rate in Different Age Groups Under Different Glucose Metabolism

Group NGT PreDM Prevalence of TN in Different Subtypes of PreDM

IFG IGT IFG+ IGT

Age n n-TN 
(n, %)

n n-TN (n, %) n n-TN (n, 
Constituent 

Ratio, %)

n n-TN (n, 
Constituent  

Ratio, %)

n n-TN (n, 
Constituent 

Ratio, %)

18~30 727 47 (6.46) 32 4 (12.50) 9 2 (50.00) 22 2 (50.00) 1 0 (0.00)

31~40 563 68 (12.08) 56 5 (8.93) 10 1 (20.00) 40 4 (80.00) 6 0 (0.00)

41~50 484 64 (13.22) 109 9 (8.26) 27 2 (22.22) 72 6 (66.66) 10 1 (11.11)

51~60 257 71 (27.63) 122 33 (27.05) 24 6 (18.18) 83 21 (63.64) 15 6 (18.18)

≥61 195 84 (43.08) 114 55 (48.25) 17 9 (16.36) 70 34 (61.82) 27 12 (21.82)

x2 199.158 60.591 13.328 40.616 7.854

P <0.001 <0.001 0.010 <0.001 0.097

Total 2226 334 (15.00) 433 106 (24.48) 87 20 (22.99#) 287 67 (23.34#) 59 19 (32.20#)

Notes: n: total number; n-TN: number of patients with thyroid nodules; %: prevalence rate; P: comparison of TN detection among different ages; #comparison of TN 
between IFG/IGT/IFG+IGT and NGT, P<0.05.
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The results of this study showed that the detection rate 
of TN in the PreDM population was significantly higher 
than that of NGT (24.48% vs 15.00%). Further gender 
stratification analysis of the PreDM population showed 
that this conclusion was also applicable, which was con-
sistent with the results of Guo et al9 suggesting that ele-
vated blood glucose might promote the formation of TN, 
and the PreDM population should pay attention to the 
occurrence of TN. We found that women were the risk 
factors of TN in IGT, suggesting that women with IGT 
should pay more attention to the prevention of TN, which 
is consistent with Ding et al10 who found that the preva-
lence of TN in women with impaired glucose metabolism 
is higher, but not in men. It may be that testosterone helps 
to prevent the harmful effects of IGT on men. No matter 
what type of prediabetes subtypes, this study found that 
the detection rate of TN in PreDM group was significantly 
higher than that in NGT group, and the detection rate of 
TN in IFG+IGT group (32.20%) was the highest. At the 
same time, HbA1c is a risk factor for TN in the IFG+IGT 
population. Blanc et al11 also found similar conclusions. 
Patients with abnormal glucose metabolism with higher 
HbA1c levels are more likely to suffer from TN, suggest-
ing that for the IFG+IGT population, prevention and treat-
ment of TN should be paid more attention, and HbA1c 
level may be the key indicator. Further analysis showed 
that the detection rate of TN in IFG, IGT and PreDM 
populations increased with age, especially in people over 
61 years old. Age was also a risk factor for TN in PreDM 
and different subtypes. In this study, LDL-C was found to 
be a risk factor for TN in the PreDM population. Further 
comparative analysis showed that BMI, waist–height ratio, 
waist circumference, TG, TC, LDL-C and blood glucose- 
related indexes (FPG, 2h PG, HbA1c) in the TN group 

were higher than those in the Non-TN group. Buscemi 
et al12 showed that obesity and diabetes can promote the 
occurrence of TN, and further confirmed our results, sug-
gesting that glucose and lipid metabolism is closely related 
to TN, we should pay attention to the relationship between 
glucose and lipid metabolism and thyroid disease. Logistic 
regression analysis showed that the risk factors for TN in 
the PreDM population were hypertension, high SP and 
high TSH. Chen et al13 also showed that patients with 
hypertension were more susceptible to TN, which is con-
sistent with our study. Anil et al6 also found that people 
with impaired glucose metabolism had higher TSH levels, 
thyroid volume and nodule prevalence. Therefore, we 
should pay attention to the blood pressure and thyroid 
function of the PreDM population to reduce the incidence 
of TN.

PreDM may lead to a higher prevalence of TN: 
hypothalamus–pituitary–thyroid axis regulation disorder. 
The leptin level in the high blood glucose population 
increases. Leptin can increase TSH secretion by stimulat-
ing the hypothalamus–pituitary–thyroid axis.6,14 And also 
play a direct role by regulating the expression of TRH 
gene in the paraventricular nucleus, thereby affecting the 
growth and differentiation of thyroid cells, leading to the 
occurrence of TN.15 Insulin resistance (IR): PreDM is 
often accompanied by IR. IR is considered to be a key 
factor in the pathogenesis of impaired glucose metabolism, 
which is closely related to the increase of TN detection 
rate.16 Hyperinsulinemia: PreDM people have higher insu-
lin levels under abnormal glucose metabolism. On the one 
hand, insulin promotes the increase of total leptin level, 
thereby increasing the TSH level, resulting in TN.17 On 
the other hand, TSH and insulin/insulin-like growth factor 
1 (IGF-1) signaling pathway together accelerate cell cycle 

Table 5 Logistic Regression Analysis of Risk Factors for TN in Different Subtypes of Prediabetes Population

PreDM IFG IGT IFG+IGT

Characteristics OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Sex 0.558 0.34~0.93* 0.443 0.22~0.88* 0.470 0.25~0.87* 0.668 0.20~2.22

Age 1.068 1.04~1.09* 1.054 1.01~1.10* 1.099 1.06~1.14* 1.092 1.03~1.16*
SP (mmHg) 1.031 1.01~1.05* 1.033 1.01~1.07* 1.018 1.01~1.03* 1.026 1.01~1.04*

TSH (mIU/L) 1.029 1.01~1.12* 1.328 1.02~1.76* 1.019 0.936~1.11 0.837 0.63~1.21
Family history (DM) 1.834 1.01~3.36* 2.027 2.03~0.51 1.232 0.65~2.34 0.741 0.18~3.04

HbA1c (%) 1.263 0.82~1.96 1.082 0.37~3.12 1.158 0.68~1.98 5.982 1.15~31.17*

Hypertension 1.808 1.09~2.98* 1.164 0.28~4.86 1.416 0.75~2.67 4.362 1.26~15.138*
LDL-C (mmol/L) 1.378 1.02~1.88* 1.670 0.75~3.72 1.107 0.74~1.65 2.905 1.14~7.39*

Note: *P<0.05.
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to make cell proliferation, regulate gene expression and 
cause TN.18

Conclusion
In summary, TN is high in PreDM adults in Gansu 
Province, and the control of related risk factors should be 
paid attention to. Comprehensive attention should be paid 
to the effect of glucose and lipid metabolism and blood 
pressure levels on the occurrence and development of TN, 
especially the early screening of TN for elderly women 
and the corresponding intervention measures.
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