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Abstract
Objective. Thyroid nodules are closely related to type 2 diabetes. However, the relationship between sex
hormone levels and thyroid nodules has never been fully examined in males with type 2 diabetes. The
purpose of the present study was to observe the association between sex hormone levels and thyroid
nodules in male patients with type 2 diabetes.

Methods. A total of 490 patients were enrolled, A total of 228 patients (46.5%) had thyroid nodules, of
which 192 (39.2%) had a solid benign nodule, 30 (6.1%) had a cystic nodule, and 6 (1.2%) had a
cancerous nodule, 262 patients (53.5%) were without thyroid nodules We evaluated thyroid nodules
using ultrasound, and blood glucose, blood lipids, serum insulin, sex hormones were measured in all
patients. The correlations between the hormone levels and thyroid nodules were analyzed.

Results. Compared with the non-thyroid nodules group, fasting insulin (FINS), homeostasis model
assessment of insulin resistance (HOMA-IR) and luteinizing hormone (LH) levels were signi�cantly
elevated in the thyroid nodules group. Pearson correlation analysis found the incidence of thyroid
nodules was positively correlated with FINS, HOMA-IR and LH. High LH levels was associated with thyroid
nodules after controlling for FINS and HOMA-IR.

Conclusion. These data suggest that high LH level plays an important role in the development of thyroid
nodules. FINS, HOMA-IR and LH are independent risk factors for thyroid nodules in male patients with
type 2 diabetes.

Introduction
In recent years, the incidence of thyroid nodules has gradually increased with improvements in
imageology(1,2). Numerous studies suggest a prevalence of 19-67% when ultrasound is used for
diagnosis(3). Approximately 5-15% may be malignant lesions(4) . In China, meta-analysis suggests that
the prevalence of goiters was 22.8% before 1996 and 12.6% after and that the prevalence of thyroid
nodules is 22.7%(5) . In general, the prevalence of thyroid nodules is affected by race, age, gender, region,
history of radiation exposure, iodine intake and other factor s(6-8) .

Recently, the relationship between thyroid nodules and diabetes has become a focus of attention. Studies
have found that type 2 diabetes in particular is closely related to the development of thyroid nodules. The
incidence of thyroid nodules is signi�cantly higher in patients with diabetes than in patients without
diabetes(9), and thyroid cancer prevalence is higher in patients with glucose metabolism disorders, which
are considered a risk factor for thyroid cancer(10,11) .

It is generally known that the regulation of physiology and pathology is a dynamic and complicated
system, drawing on the nervous, immune and endocrine systems. The endocrine hormones, especially the
sex hormones, plays an important role in the progress of metabolic diseases. Compared to the general
population, patients with diabetes are more likely to experience imbalances in several hormones, such as
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insulin, sex hormones, and so on(12,13) . Currently, it is unclear whether these hormones are associated
with thyroid nodules in diabetes. Therefore, it is especially important to establish whether these sex
hormones are independent risks factors for thyroid nodules in type 2 diabetes in order to explain the
pathogenesis of thyroid nodules.

Research Design And Methods
Subjects

Four hundred and ninety male patients with type 2 diabetes were recruited between January 2015 and
June 2019 from the Department of Endocrinology and Metabolism. Informed consent was obtained from
all patients, and the study was approved by the Ethics Committee of the Jiangsu Province Hospital on
Integration of Chinese and Western Medicine, Nanjing University of Traditional Chinese Medicine. All of
the patients were assigned either to the thyroid nodules group (192 patients with solid benign nodule, 30
patients with cystic nodule, and 6 patients with cancerous nodule) or the non-thyroid nodules group (262
patients).

Any of the following conditions constituted an exclusion criterion: 1) Acute or chronic liver or kidney
dysfunction. 2) Cardiac insu�ciency. 3) Acute complications of diabetes. 4) History of thyroid, sex gland
or adrenal disease. 5) Infectious and autoimmune diseases. 6) Patients with Hormone supplement or
replacement.

Hormonal and biochemical assays

Patients’ height, weight and blood pressure were measured. To calculate body mass index (BMI), we used
the following formula: weight (kg)/height (m)2.

To measure biochemical indicators, patients were tested in the morning (between 7:00 and 8:00 AM) after
fasting 8-10 h. A range of biochemical indicators were measured, including fasting blood glucose ( FBG),
glycosylated hemoglobin (HbA1c), liver and kidney function, cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c). Blood glucose was
determined by the glucose oxidase method, and blood lipid composition was determined by enzymatic
analysis (Roche Diagnostics, Mannheim, Germany).

To measure fasting insulin (FINS, normal range: 2.6-24.9 μIU/L), HOMA insulin resistance index (HOMA-
IR) was calculated using the formula fasting plasma glucose ×fasting plasma insulin / 22.5 (14). Sex
hormones were tested in the morning (between 7:00-8:00 AM) after fasting 8-10 h. We used
chemiluminescence (Siemens Healthcare Diagnostics, New York, USA) to measure the following: total
testosterone (TT, normal range: 8.64-29.0 nmol/L), sex hormone- binding globulin (SHBG, normal range:
14.5-48.4 nmol/L), progesterone (P, normal range: 0.7-4.3 nmol/L), prolactin (PRL, normal range: 86-324.0
μIU/L), luteinizing hormone (LH, normal range: 1.7-8.6 mIU/L), follicle-stimulating hormone (FSH, normal
range: 1.5-12.4 mIU/ml), and estradiol (E2, normal range: 28-156 pmol/L).
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Ultrasonographic assessments
Thyroid ultrasonography was performed on site by 2 fulltime ultrasound doctors at the Jiangsu Province
Hospital on Integration of Chinese and Western Medicine, Nanjing University of Traditional Chinese
Medicine. Thyroid nodules were evaluated for size, number, shape, margin and microcalci�cation using a
HI VISION Preirus ultrasound machine (Japan) with 10-13 MHZ probes.

Statistical analysis

Data analysis was conducted using SPSS 22.0, and p-values 0.05 were considered statistically
signi�cant. All values are expressed as the mean ± SD for the quantitative variables and as a percentage
for the qualitative variables. The characteristics of the two groups were compared by t-tests or
nonparametric Mann-Whitney tests for the quantitative variables and Fisher’s exact tests or χ2 tests for
the qualitative variables. One-way ANOVA was used for comparison across multiple groups. Factors
associated with thyroid nodules were estimated using logistic regression.

Results
Subject characteristics

The current study included 490 diabetic patients. A total of 228 patients (46.5%) had thyroid nodules, of
which 192 (39.2%) had a solid benign nodule, 30 (6.1%) had a cystic nodule, and 6 (1.2%) had a
cancerous nodule. We excluded patients with cystic nodule and cancerous nodule in this study. Overall,
262 patients (53.5%) were without thyroid nodules. In this study, we excluded cystic thyroid nodules and
thyroid cancer, only evaluated the largest nodule in patients with multiple nodules. Patients in the thyroid
nodules group did not differ from those in the non-thyroid nodules group in terms of age, duration of
diabetes, BMI, FBG, P2hBG, HbAlc, TG, TC, HDL-c and LDL-c levels (Table 1).

 

Comparison of insulin and HOMA-IR in the two groups

A comparison of the FINS and HOMA-IR of patients with and without thyroid nodules is shown in Table 1.
Compared with the non-thyroid nodules group, FINS and HOMA-IR levels were elevated in the thyroid
nodules group (p 0.05).

 

Comparison of sex hormones in the two groups

As shown in Table 2, compared with the non-thyroid nodules group LH levels were signi�cantly higher in
the thyroid nodules group (p  0.05), while TT, SHBG, FSH, P, PRL, E2, DHEA levels were not signi�cantly
different (p 0.05).
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Comparison of FINS, HOMA-IR, and sex hormones in various thyroid nodules groups

All patients were divided into four groups on the basis of the size of their thyroid nodule (G0: no thyroid
nodules,G1: thyroid nodules present but 1.0 cm G2: thyroid nodules between 1.0 and 2.0 cm G3: thyroid
nodules 2.0cm). Compared with the G0, FINS, HOMA-IR and LH levels were higher in the G1, G2 and G3;
Compared with the G1, FINS, HOMA-IR and LH levels were higher in the G3 (p  0.05, Figure 1) while FSH,
TT and E2 levels did not differ (Figure 1) .

 

Comparison of the incidence of thyroid nodules across levels of FINS, HOMA-IR, LH and TT

All cases were divided into four quartile groups according to FINS, HOMA-IR, LH and TT (Q1 group = 0-
25th; Q2 group = 26-50th; Q3 group = 51-75th; Q4 group = 76-100th percentile). Compared with the Q1
group, the incidence of thyroid nodules was higher in the Q4 group of FINS, HOMA-IR and LH (p < 0.05)
(Figure 2, A-C). but the incidence of thyroid nodules did not differ in the Q4 group of TT (p  0.05) (Figure
2, D).

 

Correlation and regression analysis

Pearson correlations showed that the size of thyroid nodules was positively correlated with FINS, HOMA-
IR, LH levels ( r=0.215, p=0.003 r=0.387 p=0.001, r=0.181, p=0.012;  respectively ) ( Figure 3) , while size
of thyroid nodules was not correlated with TT ( Figure 3), FSH, SHBG, or E2 ( r=0.133, p=0.066; r=0.033
p=0.650; r=0.092 p=0.203 r=0.050, p=0.495, respectively).

We conducted a logistic regression treating the presence of a thyroid nodule as the dependent variable,
and age, duration of diabetes, BMI, FBG, HbA1c, FINS, HOMA-IR, TG, LDL-c, HDL-c, TT, LH, FSH and E2 as
the independent variables. This analysis showed that FINS, HOMA-IR, LH were independent risk factors
for thyroid nodules, and LH were associated with thyroid nodules after controlling for FINS, HOMA-IR
(Table 3).

Discussion
With the widespread use of ultrasonography machines in clinical practice, thyroid nodules are being
discovered with increasing frequency(15) . Studies have shown that many risk factors may affect the
development of nodules in women(16,17) .  The most current studies focus on thyroid nodules in women.
However, the relationship between type 2 diabetes in men and thyroid nodules has rarely been examined.
In this study, we investigated the prevalence of thyroid nodules in male patients with type 2 diabetes,
�nding a prevalence of 45% in this sample, which is signi�cantly higher than in the general
population(18) .
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BMI may be involved in the pathogenesis of thyroid nodules. However, our results showed that thyroid
nodules were not correlated with BMI after adjusting for age. Moreover, we did not �nd a relationship
between nodules and hypertension or dyslipidemia, perhaps due to our smaller sample size. This is not to
deny that insulin resistance is an independent risk factor for thyroid nodules in patients with obesity(19) .

Our results showed that serum insulin levels and HOMA-IR were associated with thyroid nodules. It is well
established that insulin resistance is a major risk factor for thyroid nodules, although some have argued
against the claim that insulin resistance and hyperglycemia can result in thyroid nodules. Arduc A et al.
reported that HOMA- IR was similar in patients with and without thyroid nodules(20) . However, Semra
has argued for an association, noting that thyroid volume is enlarged in patients with metabolic
syndrome and identifying insulin resistance as an independent risk factor for thyroid nodules(21) . Our
results showed that FINS is positively correlated with the size of thyroid nodules. Our previous work has
shown that IR and hyperglycemia were positively correlated with the �ow patterns, resistive index and
vascular index of thyroid nodules in a cross-sectional, population-based study(22) . Additionally,
Meterformin produces a signi�cant decrease in the nodule size in patients with IR and small thyroid
nodules. Moreover, Meterformin alone or combined with levothyroxine (L-T4) can improve insulin
resistance and reduce thyroid nodules, and Meterformin decreases insulin-induced cell proliferation of
thyroid cancer cells and cancer stem cells(23,24) .

Insulin, as a growth factor, can stimulate growth of various cells, including thyroid cells. Experiments
show that thyroid cells incubated with TSH alone proliferate slowly, while cells incubated with TSH plus
insulin increase signi�cantly(25) . On the other hand, insulin resistance, with increased levels of insulin
and insulin-like growth factor, may increase the risk of thyroid cancer(26) . Therefore, insulin resistance
may be among the factors (including proin�ammatory factor, fat cell factors and thyroid-stimulating
hormone) that play a key role in the development of thyroid cancer(22,27) .

In this study, the relationship between sex hormones and thyroid nodules in type 2 diabetes was
investigated. Scholars think the high prevalence of thyroid nodules in women during pregnancy, lactation
and menstrual periods may be caused by periodic increases in thyroid hormones and other endocrine
changes, but the relationship between estrogen levels and thyroid nodules is not yet clear(28) . Estrogen
might be an important element in the pathogenesis of thyroid nodules. Estrogen can promote thyroid cell
mitosis through the mitogen-activated protein kinase pathway in benign and malignant nodules(29,30) .
This may be the reason that the incidence of thyroid nodules is higher in women than in men. However,
the evidence to date indicates that there isn’t a relationship between thyroid nodules and estrogen in male
patients.

Signi�cantly, LH levels were higher in the thyroid nodules group. Compared with the low-LH group, the
incidence of thyroid nodules increased signi�cantly in the high-LH group. To the best of our knowledge,
based on the few reports on sex hormones and male thyroid nodules, this paper is the �rst to study the
relationship between LH and thyroid nodules in males with type 2 diabetes. Previous studies showed that
thyroid adenoma is often accompanied by elevated levels of serum FSH and LH and the expression of
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FSHR and LHR in female patients (31) . It has been reported that hormones such as LH, FSH, and TSH
can promote the proliferation of various tumor cells, including lung cancer, thyroid cancer, cervical cancer,
breast cancer, and prostate cancer(32) . One experiment found that 50 miu/ml of LH signi�cantly
regulates VEGF and slit2 expression in epithelial ovarian cancer cell lines, activating the PI3K/AKT-mTOR
signaling pathway and promoting tumor growth(33) . Recently, Oguz et al. investigated the effect of hCG
treatment or testosterone treatment on thyroid volume in males with isolated hypogonadotropic
hypogonadism. Their results show thyroid volume was higher in hCG-treated patients than in
testosterone-treated patients, but thyroid volume did not differ before and after testosterone treatment
(34) . Further research is needed to elucidate the biological mechanisms underlying the associations
between LH and FSH and thyroid nodules in men.

There are some limitations to our study. First, this was a retrospective study, we did not have the data of
the general population , and lack of comparison between the diabetes and the normal control subjects;
Second, we know iodine level is closely associated with thyroid nodules, we did not have access to such
information of iodine intake in the patients although Jiangsu is a relatively iodine su�cient area; At last,
we did not talk about the relationship between thyroid nodules and income, education, smoking and
alcohol drinking.

Conclusions
In the present study, we conclude that there is a close relationship between thyroid nodules and type 2
diabetes. Our research indicates that hormonal imbalance plays an important role in the development of
thyroid nodules. Our results showed that FINS, HOMA-IR, LH, but not FSH, TT, E2, are independent risk
factors for thyroid nodules in male patients with type 2 diabetes.
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Table 1. Comparison of indicators of glucolipid and insulin in two groups  

  Thyroid nodules Non-thyroid nodules p  

N 192 262 0.902  

HbA1c (%) 9.16±2.35 9.74±2.54 0.881  

FBG (mmol/L) 8.27±234 8.46±2.39 0.696  

PBG (mmol/L) 16.15±4.03 16.42±4.13 0.854  

TC mmol/L 4.57±1.25 4.37±1.03 0.062  

TG mmol/L 2.38±2.92 2.14±1.76 0.091  

LDL-c mmol/L 2.61±0.62 2.52±0.75 0.134  

HDL-c mmol/L 1.06±0.39 1.14±0.35 0.092  

FINS (μIU/L) 9.98±6.06 7.23±7.32 0.045  

HOMA-IR 3.82 ±2.23 3.01±2.08 0.039  

Data are presented as the mean±SD in each group. HbA1c, glycosylated hemoglobin; FBG, fasting glucose; PBG, postprandial blood

glucose; FINS, fasting insulin; PINS, postprandial insulin; TC, cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-C,

high-density lipoprotein cholesterol; HOMA-IR, HOMA insulin resistance index.

 

Table 2. Comparison of sex hormone, thyroid hormone and adrenal hormone in two groups

  Thyroid nodules Non-thyroid nodules p

N 192 262  

TT (nmol/L) 19.39±1.99 18.01±5.14 0.106

SHBG (nmol/L) 28.89±12.54 24.92±23.63 0.118

P (nmol/L) 1.46±0.65 1.27±0.56 0.079

PRL (μIU/L) 301.34±98.79 292.02±122.95 0.613

LH (mIU/L) 7.96±3.31 6.15±3.41 0.045

FSH (mIU/L) 6.64±5.29 5.99±3.90 0.062

E2 (pmol/L) 112.51±37.71 116.16±49.16 0.141

DHEA (μmol/L) 6.06±3.06 5.32±2.81 0.170

Data are presented as the mean ± SD in each group. TT, total testosterone; SHBG, sex hormone binding globulin; P, progesterone; PRL,

prolactin; LH, luteinizing hormone; FSH, follicle-stimulating hormone; E2, estradiol; FINS, fasting insulin; HOMA-IR, HOMA insulin

resistance index.
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Table 3. Logistic regression analysis for thyroid nodules risk factor
  β value SE Wald p OR 95%CI
FINS 0.264 0.365 5.129 0.027 1.352 1.164-1.295
HOMA-IR 0.139 0.053 5.625 0.012 1.426 1.053-1.352
LH 0.162 0.037 6.146 0.043 1.275 1.038-1.217

TT 0.215 0.081 7.213 0.061 1.068 0.132–1.264

Note: FINS, fasting insulin; HOMA-IR, HOMA insulin resistance index; LH, luteinizing hormone; TT, total testosterone.

Figures

Figure 1
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Compared with the G1, FINS, HOMA-IR and LH levels were higher in the G3 (p  0.05), while FSH, TT and
E2 levels did not differ.

Figure 2

Compared with the Q1 group, the incidence of thyroid nodules was higher in the Q4 group of FINS, HOMA-
IR and LH (p < 0.05) (Figure 2, A-C). but the incidence of thyroid nodules did not differ in the Q4 group of
TT (p  0.05) (D).
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Figure 3

Pearson correlations showed that the size of thyroid nodules was positively correlated with FINS, HOMA-
IR, LH levels ( r=0.215, p=0.003 r=0.387 p=0.001, r=0.181, p=0.012; respectively ), while size of thyroid
nodules was not correlated with TT, FSH, SHBG, or E2 ( r=0.133, p=0.066; r=0.033 p=0.650; r=0.092
p=0.203 r=0.050, p=0.495, respectively).


