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1  |  INTRODUC TION

Thyroid nodule, which is the most common endocrine nodule, is a 
severe clinical problem. With the improvement of physical examina-
tion technology, thyroid nodules are noted on ultrasound in up to 
70% population.1,2

Diabetes mellitus (DM), the most popular metabolic disease, is 
known to be a major disease that causes a variety of tumors and 

proliferation.3,4 DM and thyroid disease are two closely related disor-
ders. Previous studies have also shown that patients with type 2 DM 
(T2DM) had a significantly higher incidence of thyroid dysfunction.5– 7 
Some studies pointed out that thyroid dysfunction is linked to increased 
thyroid nodule and even thyroid cancer incidence rate.8,9 However, the 
relationship between thyroid nodules and T2DM is still unclear.

Osteoprotegerin (OPG) is from the tumor necrosis factor recep-
tor superfamily, which inhibits osteoclastogenesis by binding to its 
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Abstract
Background: Thyroid nodule prevalence is increasing lately, especially in diabetes, but 
the mechanism of which is not clear. In this study, we investigated if osteoprotegerin 
(OPG) is involved in the pathogenesis of thyroid nodules in diabetes.
Methods: A	 total	of	7568	 individuals	with	detailed	 information	and	ultrasound	ex-
amination	results	were	studied	for	the	prevalence	of	thyroid	nodules.	Among	them,	
1883 were with type 2 diabetes and 5685 were non- diabetic. Then, 1120 individuals 
were randomly selected for the measurement of OPG. Diabetic rats were made by 
feeding	a	high-	fat-	high-	fructose	diet	for	28 weeks.	Rats	fed	with	a	normal	diet	were	as	
controls. Fresh thyroid tissues were obtained and fixed, dehydrated, and embedded 
in	paraffin	for	hematoxylin-	eosin	staining	and	observing	pathological	changes.	qPCR	
and western blot were used to detect OPG expression in rat thyroid tissues.
Results: We	found	that	HbA1c	is	an	independent	risk	factor	for	thyroid	nodules	(Exp	
[β] = 1.158, p < 0.001).	The	prevalence	of	thyroid	nodules	in	type	2	diabetes	was	higher	
than that in non- diabetes (53.9% vs. 46.7%, p < 0.001).	Serum	OPG	levels	were	sig-
nificantly	elevated	in	the	diabetes	group	than	in	the	non-	diabetes	group	(3160.17 pg/
ml	vs.	2819.39 pg/ml,	p < 0.01).	The	expression	of	OPG	increased	significantly	in	the	
thyroid tissues of diabetic rats.
Conclusion: Osteoprotegerin may be associated with thyroid nodule development in 
diabetes.
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ligand	RANKL,	 thus	preventing	bone	 resorption.10 The expression 
of OPG was increased in varieties of tissues, including heart, kid-
ney, liver, stomach, bone, and thyroid gland.11,12	Additionally,	OPG	
has been shown to play an important role not only in regulating 
bone metabolism but also in tumorigenesis.13,14 Our previous study 
demonstrated that serum OPG is associated with the formation of 
thyroid nodules.15 These findings suggest that OPG is connected 
with the pathogenesis of thyroid nodules. However, the relationship 
between OPG and thyroid nodules in T2DM patients is still unclear.

In the present study, we conducted a two- stage study to investi-
gate whether OPG plays a role in thyroid nodule development in diabe-
tes. The subjects of the human part were from a big survey conducted 
in Chongming District in shanghai. Since we could not get a thyroid 
tissue sample in the epidemic survey, to test the relationship between 
OPG and thyroid hyperplasia in vivo, we made type 2 diabetic rats by 
feeding a high- fat- high- fructose diet and investigated the expression 
of OPG in thyroid tissue of diabetic rats. It is worthwhile to study the 
role of OPG in the pathogenesis of thyroid cell proliferation in diabetes.

2  |  METHODS

2.1  |  Subjects

The	 subjects	 in	 this	 study	were	 from	 the	 REACTION	 study	which	
was conducted in 2011.16 The data on the human parts are from the 
baseline survey of subsamples from Chongming District in Shanghai, 
China. Detailed information was described in the previously study.15 
All	participants	had	signed	informed	consent,	the	Institutional	Review	
Board	of	Xinhua	Hospital	affiliated	to	Shanghai	Jiaotong	University	
School	 of	Medicine	 approved	 this	 study.	 A	 total	 of	 9930	 subjects	
agreed	to	participate	in	our	survey.	After	exclusion	of	individuals	who	
did not have thyroid ultrasonographic examination data, 7568 indi-
viduals	were	studied.	Among	them,	1883	were	diabetic	according	to	
WHO 1999 diabetes diagnosis criteria and 5685 were non- diabetic. 
Then, 1120 individuals (278 diabetic and 842 non- diabetic) were ran-
domly selected for the measurement of OPG levels.

2.2  |  Measurement of OPG

Fasting	serum	samples	were	collected	and	stored	at	−80°C	before	
determination. The serum OPG levels were measured in duplicate 
using	 a	Duoset	 ELISA	 kit	 (DY805;	R&D	Systems)	 according	 to	 the	
manufacturer's	 instructions.	 The	 ELISA	 system	 had	 an	 intra-	assay	
coefficient of variation of 3%– 9% and an inter- assay coefficient of 
variation of 4%– 10%, respectively.

2.3  |  Thyroid nodule measurement

Thyroid ultrasonographic inspection was completed by two ul-
trasonic experts using a high- resolution B- mode tomographic 

ultrasound	 system	 (Esaote	 Biomedica	 SpA)	with	 a	 10-	MHz	 trans-
ducer.	A	thyroid	nodule	is	described	as	a	discrete	lesion	within	the	
thyroid gland that is radiologically distinct from the adjacent thyroid 
parenchyma.17 Solid lesions and mixed cystic– solid lesions were in-
cluded, we excluded all the cystic lesions.

2.4  |  Animals

Male Sprague– Dawley rats aged 4- week- old were purchased from 
Shanghai Slac Corporation. The animals were put in an environ-
ment	with	a	constant	temperature	(22 ± 2°C)	and	a	12-	h	light/dark	
cycle and fed with a regular diet and clean water ad libitum for 
1 week. The rats were randomly assigned into two groups, the 
normal diet group (ND) and high- fat- high- fructose diet group 
(HFHFD). During the whole experiment process, food intake was 
recorded, and body weight and fasting blood glucose (FBG) levels 
were	monitored.	 A	 glucose	 tolerance	 test	 (GTT)	was	 conducted	
after	 the	 rats	were	 fed	 for	28 weeks.	Oneweek	 later,	 the	 insulin	
tolerance	test	(ITT)	was	performed.	At	the	end	of	the	experiment,	
all animals were decapitated and the blood was gathered, centri-
fuged at 1000 g	 for	15 min	at	4°C,	and	stored	at	−80°C	for	 later	
analysis.	The	thyroid	tissues	were	removed,	frozen	in	liquid	nitro-
gen,	and	stored	at	−80°C.

2.5  |  Blood parameters

Serum	 FINS	 levels	 were	 determined	 by	 ELISA	 kit	 (EZRMI-	13K,	
Merckmilipore).	 HOMA-	IR	was	 calculated	 using	 the	 formula:	 FBG	
(mmol/L) × FINS	(μU/L)/22.5.	Serum	total	triglyceride	(TG),	total	cho-
lesterol (TC), low- density lipoprotein cholesterol (LDL- C), and high- 
density lipoprotein cholesterol (HDL- C) levels were detected using 
an	automatic	biochemical	analyzer	(ROCHE	COBASc702).

2.6  |  H&E staining

Fresh thyroid tissues were fixed, dehydrated, and embedded 
in paraffin. Then, the paraffin sections in 4– 6 μm were taken for 
hematoxylin–	eosin	 (H&E)	 staining	 and	 observing	 pathological	
changes under a microscope.

2.7  |  Quantitative real- time PCR analysis

Total	 RNA	was	 extracted	 using	 Trizol	 Reagent	 (Invitrogen).	 cDNA	
was	 synthesized	 from	 total	 RNA	 using	 the	 kit	 (Takara)	 in	 accord-
ance with the manufacturer’s instructions. Quantitative RT- PCR 
was	performed	 in	 triplicate	using	a	 real-	time	PCR	system	 (Applied	
Biosystems). The β- actin gene was treated as the endogenous con-
trol. The relative gene expression levels were estimated using the 
2−ΔΔCt method.
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2.8  |  Western blot analysis

Thyroid	tissues	were	lysed	in	RIPA	buffer	containing	a	protease	in-
hibitor	 (Beyotime	Institute	of	Biotechnology).	A	30 μg of total pro-
tein was separated by a sodium dodecyl sulfate- polyacrylamide gel 
electrophoresis and transferred to the polyvinylidene difluoride 
membrane. Then, the membrane was incubated with the OPG pri-
mary	antibody	overnight	 at	4°C	after	blocking	with	5%	skim	milk.	
OPG	primary	antibody	was	purchased	from	Abcam.	Blots	were	in-
cubated with a proper horseradish conjugated secondary antibody 
(Beyotime	Institute	of	Biotechnology)	for	1 h	at	room	temperature.	
Antibody-	bound	protein	was	detected	by	ECL	 (Merkmillipore)	 and	
quantified	using	scanning	densitometry.	Relative	protein	expression	
levels were corrected with Tubulin expression.

2.9  |  Statistical analysis

SPSS 25 software (SPSS Inc.) was used for statistical analysis. Data 
were	presented	as	means ± SD,	median	(interquartile	range),	or	number	
(percent). We used Student's t test to compare the differences between 
groups,	the	chi-	square	test	to	compare	the	prevalence	rate	of	thyroid	
nodules in diabetes and non- diabetes groups, and logistic regression to 
estimate risk factors for thyroid nodules. Potential confounders includ-
ing age, gender, blood pressure, and BMI were all adjusted in the regres-
sion model. p	value < 0.05	was	interpreted	as	statistically	significant.

3  |  RESULTS

In total, 9930 participants were recruited and agreed to participate 
in	the	survey.	After	excluding	individuals	who	did	not	have	thyroid	
ultrasonographic examination results, 7568 individuals were stud-
ied	(2411	men	and	5157	women).	Among	them,	1883	were	diabetic	

(734 men and 1149 women) according to WHO 1999 diabetes di-
agnosis criteria and 5685 were non- diabetic (1677 men and 4008 
women); 1015 of the 1883 diabetic participants had thyroid nodules 
(340 men and 675 women) and 2652 of the 5685 non- diabetic par-
ticipants had thyroid nodules (678 men and 1974 women). The basic 
characteristics of the participants in the diabetic and non- diabetic 
groups were shown in Table 1.

3.1  |  HbA1c is an independent risk factor for 
thyroid nodules

The logistic regression analysis revealed that variables independently 
related	to	prevalent	thyroid	nodules	were	HbA1c	(Exp	[β] = 1.101, 
p < 0.001),	 age	 (Exp	 [β] = 1.042, p < 0.001),	 BMI	 (Exp	 [β] = 1.035, 
p < 0.001),	and	sex	(Exp	[β] = 1.687, p < 0.001)	(see	Table 2).

Increased serum OPG level is associated with increased preva-
lence of thyroid nodules in diabetes patients.

The prevalence of thyroid nodules was assessed in type 2 diabetes 
patients and subjects without diabetes. We found that the prevalence 
of thyroid nodules in type 2 diabetes was increased significantly than 
that in non- diabetes (53.9% vs. 46.7%, p < 0.001,	Figure 1A).

Serum levels of OPG were compared between non- diabetes and 
diabetes	patients	by	ELISA.	We	found	significantly	increased	OPG	lev-
els	in	the	diabetes	group	than	in	the	non-	diabetes	group	(3160.17 pg/
ml	vs.	2819.39 pg/ml,	p < 0.001,	Figure 1B). This suggested that OPG 
may play an important role in thyroid nodule development in diabetes.

3.2  |  Type 2 diabetes promotes proliferation of 
thyroid tissue in rats

To explore the correlation between type 2 diabetes and thyroid 
nodules, we invested the thyroid pathology in rats fed with HFHFD. 

Characteristics All Diabetes Non- diabetes

N 7568 1883 5685

Age	(year) 56.27 ± 7.70 58.93 ± 6.97 55.39 ± 7.73

Sex (Male/Female) 2411/5157 734/1149 1677/4008

BMI (kg/m2) 24.71 ± 5.31 25.53 ± 3.50 24.44 ± 5.77

Thyroid nodule (n) 3667 1015 2652

SBP (mm Hg) 130.27 ± 20.30 136.83 ± 20.07 128.11 ± 19.91

DBP (mm Hg) 80.32 ± 10.55 81.75 ± 10.36 79.85 ± 10.57

FBG (mmol/l) 6.30 ± 1.69 8.10 ± 2.52 5.71 ± 0.52

HbA1C	(%) 6.00 ± 1.01 6.95 ± 1.55 5.68 ± 0.41

HOMA-	IR 1.79 (1.28, 2.64) 2.72 (1.79, 3.88) 1.64 (1.22, 2.31)

HDL- C (mmol/L) 1.24 ± 0.32 1.21 ± 0.31 1.25 ± 0.32

LDL- C (mmol/L) 2.62 ± 0.77 2.70 ± 0.81 2.60 ± 0.75

TC (mmol/L) 4.68 ± 1.02 4.84 ± 1.07 4.63 ± 1.01

TG (mmol/L) 1.36 (0.97, 2.01) 1.65 (1.14, 2.45) 1.29 (0.93, 1.87)

Note:	Data	are	means ± SD	or	median	(interquartile	range).

TA B L E  1 Clinical	and	laboratory	
characteristics according to diabetes 
status
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Insulin resistance and glucose intolerance are present in type 2 DM 
rats.	 During	 28 weeks	 of	 different	 diet	 feeding,	 the	 body	 weight	
every	4 weeks	in	the	HFHFD	group	was	higher	than	that	in	the	ND	
group (Figure 2A).	At	the	end	of	28 weeks,	oral	GTT	were	performed	
and results showed the presence of glucose intolerance (Figure 2B). 
Furthermore, the ITT showed profound insulin resistance in HFHFD 
animals (Figure 2C). Hyperplasia of thyroid follicular was observed 
in	 the	 H&E	 stained	 thyroid	 tissue	 of	 HFHFD	 rats	 (Figure 2D). 
Additionally,	insulin	sensitivity	was	also	assessed	using	fasting	insulin	
level (FINS) and homeostasis model assessment of insulin resistance 
(HOMA-	IR).	 Both	 FINS	 and	HOMA-	IR	were	 significantly	 (p < 0.05)	
increased in HFHFD- induced type 2 DM animals (Figure 3A,B).

3.3  |  Expression of OPG increases in thyroid 
glands of diabetes rats

We hypothesized that diabetes promotes the development of thy-
roid nodules via the OPG signal pathway. The expression of OPG in 
thyroid	tissues	of	HFHFD	and	ND	rats	was	examined.	qPCR	results	
showed	that	OPG	mRNA	expression	level	was	obviously	upregulated	
in the HFHFD group compared with the ND group (Figure 4A). Then, 
we analyzed the protein levels of OPG in thyroid tissues by Western 
blot and found that OPG protein levels were higher in thyroid tissues 
of HFHFD than that of ND group (Figure 4B,C).

4  |  DISCUSSION

As	we	all	know,	diabetes	leads	to	the	occurrence	and	progression	of	
various tumors, and the mechanism of which has been a hotspot in 
recent years. However, studies focusing on how diabetes promotes 
thyroid tumors are limited. Previous studies have shown that human 
thyroid	 follicular	 cells	 can	 produce	 OPG.	 Abundant	 OPG	 expres-
sion is found in both benign and malignant removed thyroid speci-
mens.11,18	 And	 our	 previous	 research	 results	 show	 that	 increased	
OPG levels are connected to the onset of thyroid nodules.15 These 
studies suggest that OPG participants in the proliferation of thyroid 
cells.

Insulin resistance, the central step in the onset of type 2 dia-
betes, is a key reason for promoting thyroid cell proliferation.19– 22 
Clinical studies have shown that insulin resistance in patients with 
thyroid nodules is much more severe than that in non- thyroid nod-
ule patients, and there is a significant correlation between insulin 
resistance and thyroid nodules.23 In this study, we confirmed the 
higher incidence of thyroid nodules in diabetic patients than that 
in non- diabetic patients, consistent with the results of our previous 
meta- analysis.24 The specific mechanism by which insulin resistance 
promotes thyroid cell proliferation is not yet clear.

Studies have found that blood OPG levels in patients with met-
abolic syndrome are significantly increased,25,26 and our research 
has also found that blood OPG levels in type 2 diabetic patients 
are significantly higher than that in normal controls.27 Studies have 
confirmed that in obese patients, insulin resistance is positively cor-
related with serum OPG levels. These findings suggest that OPG and 
HOMA-	IR	are	significantly	positively	correlated,28 OPG may be one 
of the serum markers of insulin resistance.29,30 We herein observed 
an obvious up- regulation of OPG in diabetic serum, which further 
confirmed that OPG may media the incidence of thyroid nodules in 
diabetic patients.

Therefore, we hypothesize that OPG is involved in the prolifer-
ation of thyroid cells caused by insulin resistance and promotes the 
occurrence	of	thyroid	nodules.	And	our	 in	vivo	study	showed	that	
insulin resistance could promote thyroid cell proliferation, with the 
increased expression of OPG in the thyroid gland. Therefore, it may 
be specific for OPG in the correlation between insulin and thyroid 
nodules.

TA B L E  2 Logistic	regression	analysis	showing	variables	
independently associated with thyroid nodules

Independent 
variables β Exp (β) 95% CI p Value

HbA1c 0.147 1.158 (1.106, 
1.213)

<0.001

Age 0.041 1.042 (1.036, 
1.049)

<0.001

BMI 0.035 1.035 (1.020, 
1.051)

<0.001

Sex 0.523 1.687 (1.521, 
1.871)

<0.001

Note: The variables entered in the analysis also included SBP, DBP, TC, 
HDL- C, LDL- C, and TG which were all excluded from the model.

F I G U R E  1 Serum	OPG	levels	were	up-	
regulated significantly in diabetic patients 
compared	with	non-	diabetic	patients.	(A)	
Prevalence of thyroid nodules in diabetic 
patients and non- diabetic patients. (B) 
Serum OPG levels in diabetic patients and 
non- diabetic patients were analyzed by 
ELISA.	*p < 0.01
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F I G U R E  2 Insulin	resistance	promotes	
cell	proliferation	of	the	thyroid.	(A)	Body	
weight of rats fed with HFHFD and ND. 
(B) IPGTT of HFHFD- fed and ND- fed 
rats. (C) ITT of HFHFD- fed and ND- fed 
rats.	(D)	Representative	H&E	images	of	
thyroid tissue of HFHFD rats and ND 
rats.	H&E,	hematoxylin	and	eosin.	Scale	
bar =	100 μm.	*p < 0.01

F I G U R E  3 Insulin	resistance	was	assessed	after	HFHFD	feeding.	(A)	FINS	of	HFHFD-	fed	and	ND-	fed	rats.	(B)	IPGTT	of	HFHFD-	fed	and	
ND-	fed	rats.	*p < 0.01

F I G U R E  4 Osteoprotegerin	is	highly	expressed	in	the	thyroid	tissue	of	HFHFD-	fed	rats.	(A)	OPG	mRNA	level	in	rat	thyroid	tissues	in	
the two groups analyzed by Q- PCR. (B and C) OPG protein level in rat thyroid tissues in the two groups was determined by Western blot. 
*p < 0.01
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According	to	previous	reports,	hyperinsulinemia	itself	can	promote	
cell proliferation through the insulin receptor and mitogen- activated 
protein	kinase	pathway.	Studies	have	found	that	OPG/RANKL/RANK	
and proteoglycans polymerize in a certain proportion to form a large 
complex, which can further activate the ERK and p38 signal transduc-
tion pathways.31	After	activation,	 it	 can	 further	activate	 the	down-
stream targeting molecule to inhibit cell apoptosis and promote cell 
proliferation.32,33 Other studies have shown that OPG can promote 
angiogenesis.34 These may be the mechanisms by which insulin resis-
tance promotes the occurrence of thyroid nodules through OPG, but 
the specific molecular mechanism still needs further study.

In summary, we found that the thyroid nodule prevalence rate 
was higher in diabetes than that in non- diabetes, OPG levels were 
significantly increased in diabetic subjects compared to non- diabetic 
participants. In our previous study, we found that OPG is related to 
thyroid	nodules.	According	to	all	these	findings,	we	think	that	OPG	
may be the factor that mediated the elevated thyroid nodule prev-
alence in diabetes. Consistent with this, we also found thyroid cell 
proliferation in diabetic rats and increased expression of OPG in thy-
roid tissues of diabetic rats, which further support our conclusion.

The advance of this study is that we tried to connect OPG with 
increased thyroid prevalence in diabetes. However, our research 
also has some limitations. One of the limitations is lacking cytolog-
ical and/or histopathological data because we could not conduct 
thyroid	biopsy	in	such	a	big	population.	Another	limitation	is	that	
the response rate of women was higher than men, resulting in more 
women participants in this study. The third limitation is that we did 
not explore the detailed pathway through which OPG effects. In 
future study, we will continue to carry out research on this subject.
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