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Abstract: Objective: To evaluate the ameliorative impact of metformin on insulin resistance (IR), as well as thyroid
nodules (TNs) and function in TN patients with IR. Methods: The clinical data of 128 TN patients with IR admitted
to Yantai Laiyang Central Hospital from July 2018 to March 2020 were retrospectively analyzed and categorized
into a control group (CNG, n = 64) and a study group (SG, n = 64). Patients in the CNG received standard lifestyle
intervention, while those in the SG received standard lifestyle intervention in conjunction with metformin therapy
for 1 year of course. Weight-related indicators, IR, thyroid function, TN diameter, and oxidative stress levels were
compared between the two groups before and after treatment. Additionally, the safety of metformin was evaluated.
Results: Before treatment, no significant differences were observed between the two groups in fasting plasma
glucose (FPG), 2-h postprandial glucose (2hPG), glycated hemoglobin (HbAlc), fasting insulin (FINS), homeostatic
model assessment of insulin resistance (HOMA-IR), systolic blood pressure (SBP), diastolic blood pressure (DBP),
thyroid-stimulating hormone (TSH), malondialdehyde (MDA), TN diameter, and thyroid volume (P > 0.05). After treat-
ment, significant statistical differences were observed in the aforementioned indicators between the two groups (P
< 0.05). After 1 year of treatment, the SG exhibited lower levels of FPG, 2hPG, HbA1c, FINS, HOMA-IR, SBP, DBP,
TSH, MDA, TN diameter, and thyroid volume, and showed higher levels of HOMA-B, superoxide dismutase, and glu-
tathione peroxidase levels compared to before treatment (P < 0.05). The incidence of adverse reactions in the SG
was significantly higher than that in the CNG (P < 0.05). Taking metformin and free thyroxine (FT4) were protective
factors for TSH (P < 0.05). Conclusion: Metformin could significantly improve IR and oxidative stress levels, regulate
TSH levels, and shrink TNs in TN patients with IR, with high safety. The administration of metformin and FT4 were
identified as protective factors for positive prognosis.
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Introduction

Insulin resistance (IR) is an independent risk
factor in the development and progression of
metabolic maladies in individuals with obesity,
diabetes, and hypertension. Its main manifes-
tation is hyperinsulinemia. Scientific investiga-
tions have illustrated that insulin, akin to thyro-
tropin, possesses the capacity to induce the
proliferations of thyroid cells. Consequently, IR
augments thyroid volume and elevates the
incidence of thyroid nodules (TNs) [1-3]. Met-
formin, classified among the biguanides, influ-
ences blood glucose levels, orchestrates the

modulation of blood lipid levels, and amelio-
rates IR by restraining excessive renal and
hepatic glycogenogenesis, thereby enhancing
insulin sensitivity, suppressing lipolysis, and
delaying glucose uptake from the gastrointesti-
nal tract [4-6]. A corpus of preceding research
endeavors has elucidated [7-9] that metfor-
min therapy for individuals afflicted with IR can
reduce TN volume. Nevertheless, the mecha-
nism of action remains unknown, but may be
associated with the regulation of thyroid-stimu-
lating hormone (TSH) levels and IR [10]. It mer-
its mention that the incidence of co-morbidity
of diabetes and thyroid dysfunction is notably
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high. Furthermore, metformin treatment has
been reported to reduce the incidence of thy-
roid diseases in diabetic individuals, and acts
a protective factor for the onset of thyroid
dysfunction in patients with diabetes [11].
Therefore, this study was conducted to scruti-
nize the efficacy of metformin in mitigating
TNs among patients with IR and to analyze its
impact on IR and TNs.

Materials and methods
Clinical data

The study was conducted in accordance with
the World Medical Association Declaration of
Helsinki and approved by the Ethics Committee
of Yantai Laiyang Central Hospital. The clinical
data of 128 TN patients with IR admitted to
Yantai Laiyang Central Hospital from July 2018
to March 2020 were retrospectively analyzed,
including 75 males and 53 females, aged
34-72 years, with an average age of (52.1+3.3)
years.

Patients who met the following inclusion crite-
ria were included: patients who met the diag-
nostic criteria of IR in the World Health Or-
Banization classification criteria for glucose
metabolic status (1999) [12], with IR defined as
homeostasis model assessment insulin resis-
tance index (HOMA-IR) > 2.5; patients who were
diagnosed with TN by fine needle aspiration
biopsy and color ultrasound, except for malig-
nant TN .and TN > 2 cm in diameter or with egg-
shell-like calcifications, with normal thyroid
function and negative anti-thyroperoxidase
antibodies [13]; patients who had not receiv-
ed lipid-lowering treatments or hypoglycemic
drugs within 1 month prior to admission; pa-
tients who had no chronic microvascular com-
plications.

Patients who met the following exclusion crite-
ria were excluded from the study: those with
ketoacidosis, diabetic hyperosmolar syndrome,
other severe diabetic conditions, organ func-
tion loss, gastrointestinal disease, intractable
hypertension, chronic heart failure, rheumatoid
arthritis, or malignant tumors; those who re-
ceived thyroid hormone therapy; those with thy-
roid volume > 40 mL; those who were allergic to
the medication used in this study; those with
poor treatment compliance; lactating and preg-
nant women.
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Methodology

Control group (CNG): Patients in the CNG
received the following standard lifestyle inter-
ventions. Dietary intervention: based on the
standard body weight (kg) = height - 105 (cm),
the total daily caloric requirements were evalu-
ated according to the individual nutritional
demands (20 to 30 kcal per kg body weight),
and personalized nutritional prescription was
formulated, wherein, the nutritional ratio of
each meal was 15% protein, 25% fat, and 60%
carbohydrate. The daily fiber intake should not
be less than 40 g, and the intake of alcohol and
sugary drinks should be limited. Exercise inter-
vention: individualized exercise prescriptions
were developed for patients based on the
patient's age, sex, weight, and the actual si-
tuation. Exercise should be mainly aerobic or
endurance exercises such as walking, jogging,
tai chi, painting, and calligraphy. Patients were
encouraged to adhere to daily exercise, record
their body weight once a week, and observe the
changes in weight. It was suggested to exercise
3to 4 times a week for 30 to 60 min each time.
Psychological intervention: if patients suffered
from inferiority, anxiety, depression, and other
psychological problems, they were provided
with individualized psychological counseling.
Health guidance: during the follow-up period, a
health education lecture was held once a week
to foster a positive attitude among the patients.

Study group (SG): Patients in the SG received
standard lifestyle intervention and metformin.
Metformin (Harbin Tongyitang Pharmaceutical
Co., Ltd., H20060226; specification: 0.5 g) was
administered with an initial dose of 850 mg/
day (with dinner). The dose was increased to
1700 mg/day (with breakfast and dinner) 2
weeks later, depending on the tolerance, and
maintained until the last enrolled subject com-
pleted the 1-year intervention. Changes in
blood glucose were monitored during medica-
tion. The dose could be continued if the blood
glucose was controlled within the normal range,
or the dose could be reduced as appropriate
if fasting plasma glucose (FPG) was below 3.6
mmol/L.

Outcome measurements

The primary outcome measurements includ-
ed insulin-related indicators, TN indicators, and
thyroid function. The secondary outcome mea-
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sures included baseline data, weight-related
indicators, oxidative stress response, and ad-
verse reactions.

Baseline data: Baseline data including age,
course of disease, systolic blood pressure
(SBP), diastolic blood pressure (DBP), TN diam-
eter, smoking, and complications (hyperlipid-
emia, hypertension, and bronchitis) were ob-
served and compared between the two groups.

Weight-related indicators: The changes in
body weight, body mass index (BMI), and waist
circumference were observed and compared
between the two groups before treatment and
after 1 year of treatment.

Insulin-related indicators: Fasting insulin (FINS)
levels were measured before treatment and
after 1 year of treatment using a microplate
reader (HBS-1096B, Nanjing DeTie Experi-
mental Equipment Co., Ltd.), and IR was as-
sessed using a steady-state model. IR score
(HOMA-IR) = FINS x FPG/22.5, and basal beta
cell function (HOMA-B) = 20 x FINS/(FPG-3.5).

TN indicators: TN diameter and volume were
measured utilizing ultrasound examinations
before treatment and after 1 year of treatment.
Thyroid volume =thickness x width x length/6r.

Oxidative stress response: Fasting venous
blood (3 mL) was collected from patients be-
fore treatment and after 1 year of treatment.
After centrifugation, the serum was collected.
Glutathione peroxidase (GSH-PX) and malondi-
aldehyde (MDA) levels were determined utiliz-
ing enzyme-linked immunosorbent assay (ELI-
SA) (kits purchased from Shanghai Jichun
Industrial Co., Ltd., batch numbers 190114
and 191228). Superoxide dismutase (SOD)
was determined utilizing pyrogallol method
(kits purchased from Shanghai Yiji Industrial
Co., Ltd., batch number 20191012).

Thyroid function: Fasting venous blood (3 mL)
was collected from patients before treatment
and after 1 year of treatment. After centrifuga-
tion, serum was collected, and TSH, free triio-
dothyronine (FT3), and free thyroxine (FT4) were
determined utilizing ELISA.

Adverse reactions: The adverse reactions in-
cluding hypoglycemia (blood glucose level <
3.9 mmol/L), headaches, gastrointestinal dis-
tention, and diarrhea were recorded.
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Statistical analysis

Statistical Package for the Social Sciences
(SPSS) version 24.0 statistical software was
employed for data analysis. The measurement
data were described by mean * standard de-
viation (mean = SD). Independent and paired
sample t-tests were conducted for compari-
sons between and within groups, respectively.
Counting data were described by percentages
and were examined using the chi-square (x?)
test. Statistical graphs were plotted utilizing
the Graphpad prism 7.0 statistical software. P
< 0.05 was considered a statistically significant
difference.

Results
Baseline data

There was no significant difference in baseline
data between the two groups (P > 0.05) (Table
1).

Weight-related indicators

Before treatment, there was no statistical sig-
nificance in body weight, BMI, and waist cir-
cumference between the two groups (P > 0.05).
After metformin treatment, the body weight,
BMI, and waist circumference of the SG were
decreased compared with those before treat-
ment (P < 0.05), and were significantly lower
than those of the CNG (P < 0.05). In the CNG,
there was no significant difference in body
weight, BMI, and waist circumference before
and after treatment (P > 0.05). The two groups
showed statistically significant differences in
body weight, BMI and waist circumference after
treatment (P < 0.05) (Table 2).

Insulin-related indicators

Before treatment, there was no significant dif-
ference in FINS, HOMA-IR and HOMA-§ levels
between the two groups (P > 0.05). The two
groups showed statistically significant differ-
ences in FINS, HOMA-IR and HOMA-B after
treatment (P < 0.05). After metformin treat-
ment, the SG exhibited significant decrease in
FINS and HOMA-IR, and showed significant
increase in HOMA-B as compared with those
before treatment (P < 0.05). Furthermore, when
compared to the CNG after treatment, these
indicators showed statistically significant differ-
ences (P < 0.05). In the CNG, there was no sig-
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Table 1. Comparison of general information (n)/(mean + SD)

Comorbidities

Group Gender  Age o?zzgzgge SBP (mmHg) bBP Thyroid nodule Smoking yperlipidemia/
M/F) - (vears) = 2 (mmHg)  diameter (mm) Hypertension/
Bronchiectasis
Control group (n=64) 39/25 53.2+3.6 6.25+1.16 143.19+9.85 108.85+8.15 13.45+2.94 9 15/20/9
Study group (n = 64) 36/28 52.0+3.9 6.28+1.37 142.98+10.25 107.76+7.96 13.98+3.02 12 17/23/7
X/t 0.290 1.809 0.134 0.118 0.765 1.006 0.513 0.486
P 0.590 0.073 0.894 0.906 0.445 0.316 0.474 0.784

Note: SBP: systolic blood pressure; DBP: diastolic blood pressure.

Table 2. Metformin effectively improves levels of weight-related indicators in TN patients with IR

(mean £ SD)

indicator Conmolgowp  Swdygowp p

Body weight (kg) Before treatment 74.39+12.48 73.69+11.59 0.329 0.743
After 1 year of treatment  72.31+10.04 60.85+£11.02 6.150 <0.001

t 1.0389 6.423

P 0.301 <0.001

BMI (kg/m?) Before treatment 26.98+3.25 26.34+3.04 1.151 0.252
After 1 year of treatment 26.03+3.03 24.46+3.42 2.749 0.007

t 1.710 3.287

P 0.090 0.001

Waist circumference (cm)  Before treatment 91.86+1.15 91.77+1.13 0.447 0.656
After 1 year of treatment 90.13+9.89 86.03+9.77 2.359 0.020

t 1.390 4.669

P 0.167 <0.001

Note: IR: insulin resistance; TN: thyroid nodule; BMI: body mass index.

nificant difference in FINS, HOMA-IR and
HOMA-B levels before and after treatment (P >
0.05) (Figure 1).

Thyroid function

Before treatment, there was no significant dif-
ference in FT3, FT4 and TSH levels between the
two groups (P > 0.05). The two groups exhibited
statistically significant difference in TSH before
and after treatment (P < 0.05). After metformin
treatment, the SG showed decreased TSH le-
vel compared with that before treatment (P <
0.05), and TSH level in the SG was significantly
lower than those in the CNG after treatment (P
< 0.05). There was no statistically significant
difference in FT3 and FT4 levels before and
after treatment in both groups (P > 0.05)
(Figure 2).

TN indices

Before treatment, the two groups showed no
significant difference in TN diameter and thy-
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roid volume (P > 0.05). Compared with before
treatment, the two groups showed statistically
significant difference in TN diameter and thy-
roid volume after treatment (P < 0.05). After
metformin treatment, the SG exhibited de-
creased TN diameter and thyroid volume com-
pared with those before treatment (P < 0.05),
and TN diameter and thyroid volume in the SG
were significantly lower than those in the CNG
(P < 0.05). There was no significant difference
in TN diameter and thyroid volume in the CNG
before and after treatment (P > 0.05) (Figure
3).

Oxidative stress response

Before treatment, the two groups exhibited no
statistically significant difference in SOD, GSH-
PX, and MDA levels (P > 0.05). After metformin
treatment, the SG exhibited increased levels of
SOD and GSH-PX whereas and decreased level
of MDA compared with those before treatment
(P < 0.05), and when compared to the CNG
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Figure 1. Metformin effectively improved IR in TN patients with IR. A and B: The FINS and HOMA-IR levels were
decreased after treatment; C: The HOMA-B level was increased after treatment. Note: compared with before treat-
ment, ***P < 0.001; compared with control group, ###P < 0.001. IR: insulin resistance; TN: thyroid nodule; FINS:
fasting insulin; HOMA-IR: homeostatic model assessment of insulin resistance.
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Figure 2. Effect of metformin on thyroid function in TN patients with IR. A: TSH level was significantly reduced after
treatment; B and C: FT3 and FT4 exhibited no significant changes. Note: compared with before treatment, *P <
0.05, ***P < 0.001; compared with control group, ###P < 0.001. IR: insulin resistance; TN: thyroid nodule; TSH:
thyroid-stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine.

after treatment, these indicators showed sta-
tistically significant differences (P < 0.05). In
the CNG, there was no significant difference in
SOD, GSH-PX and MDA levels before and after
treatment (P > 0.05) (Table 3).

Adverse effects

The incidence of adverse reactions in the SG
was 9.38%. Since patients in CNG were not
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treated with metformin, no adverse reactions
occurred, with an adverse reaction rate of 0%.
The incidence of adverse reactions in the SG
was significantly higher than that in CNG (P <
0.05). Although metformin treatment led to
some adverse reactions, they were all well tol-
erated. In addition, patients benefited largely in
body functions from the metformin treatment.
It is suggested that metformin had high safety
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Figure 3. Effect of metformin on TN indicators in TN patients with IR. A: TN di-
ameter was significantly reduced after treatment; B: Thyroid volume was sig-
nificantly reduced after treatment. Note: compared with before treatment,
**%*P < 0.001; compared with control group, ##P < 0.01, ###P < 0.001. IR:

insulin resistance; TN: thyroid nodule.

and only a few adverse reactions, and no ad-
verse prognosis was observed (Table 4).

Analysis of influencing factors affecting prog-
nosis of patients

Utilizing TSH 2.5 mU/L as the cut-off value, the
patients were divided into a high TSH group (n
=51) and a low TSH group (n = 77). A multivari-
ate logistic regression analysis was performed
using TSH as the dependent variable, and
age, sex, metformin usage, course of diabetes,
SBP, DBP, TN diameter, smoking, complica-
tions, BMI, waist circumference, FINS, HOMA-
IR, SOD, MDA, and GSH-PX as independent
variables. The results showed that the use of
metformin and FT4 were protective factors for
TSH (P < 0.05) (Table 5).

Discussion

IR can trigger diminished glucose utilization
and uptake, inducing excessive compensatory
insulin secretion to sustain normoglycemia.
Unfortunately, this chronic overcompensation
further exacerbates pancreatic -cells [14, 15].
Studies have elucidated the potentiated risks
of TN formation and hypertension from IR and
hyperinsulinemia [16, 17]. Islet cell dysfunction
and IR manifest as hallmarks in patients with
type Il diabetes mellitus. Consequently, mitigat-
ing IR becomes crucial in regulating glucolipid
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forestall glucose absorption,

@6“ and mitigate chronic hypergly-
&‘Q’ cemia-induced B-cell damage,
thus restoring B-cell function-
ality [18]. (2) Metformin may
potentiate the affinity and
quantity of insulin receptors in
peripheral tissues, activate in-
sulin receptor tyrosine kinas-
es, intensify the activity and
gene expression of glucose tr-
ansporter protein type-4, and
augment glucose transporter.
This, in turn, strengthens glycogen synthesis
and glucose oxidation, thus improving B-cell
insulin signaling and IR in peripheral tissues
[19, 20]. (3) Metformin possesses the capacity
to reduce liver gluconeogenesis while elevating
glucose utilization and uptake by skeletal mus-
cles and adipose tissues, thereby modulating
glucose and lipid metabolism. (4) Patients with
hyperinsulinemia and IR are often accompa-
nied by heightened blood pressure, which is
associated with increased kidney sodium reab-
sorption due to IR, heightened activity of sym-
pathetic nervous system, and downregulation
of insulin receptors. Metformin can ameliorate
IR, thereby aiding blood pressure regulation
[21, 22].

TSH enhances protein and nucleic acid synthe-
sis in thyroid follicular epithelial cells, stimu-
lates thyroid cell proliferation, and augments
thyroid hormone synthesis and secretion, con-
sequently resulting in TN volume increase. A
randomized, double-blind, placebo-controlled
clinical trial conducted by Dornelles Severo et
al. [23] discerned the capacity of metformin to
attenuate TSH levels. A mate-analysis by Wang
et al. [24] reported that metformin significantly
reduced serum TSH levels, but had no signifi-
cant effect on serum FT3 and FT4 levels. In
congruence with these findings, our study fo-
und decreased TSH levels, TN diameter, and
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Table 3. Comparison of oxidative stress responses (mean + SD)

Indicator Control group (n = 64) Study group (n = 64) t P

SOD (y/mL) Before treatment 196.64+£20.15 198.85+19.37 0.633 0.528
After 1 year of treatment 202.67+23.37 268.89+27.71 14.614 <0.001

t 1.563 16.573

P 0.121 <0.001

MDA (noml/L) Before treatment 16.28+2.38 16.38+£3.02 0.208 0.836
After 1 year of treatment 15.95+2.37 6.54+1.15 25.540 <0.001

t 0.786 24.360

P 0.433 <0.001

GSH-PX (u/L)  Before treatment 45.19+4.28 46.6215.08 1.722 0.088
After 1 year of treatment 46.2916.78 73.32+8.06 20.531 <0.001

t 1.098 22.420

P 0.275 <0.001

Note: SOD: superoxide dismutase; MDA: malondialdehyde; GSH-PX: glutathione peroxidase.

Table 4. Comparison of adverse reactions n (%)

Group Hypoglycemia Headache Gazti;ln;f;ztr:nal Diarrhea N?/gfnei?i:gnd Total

Control group (n = 64) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Study group (n = 64) 0 (0.00) 1(1.56) 2(3.13) 1(1.56) 2(3.13) 6 (9.38)

X° 48.057

P < 0.001

Table 5. Logistic regression analysis of factors affecting TSH

TSH [26, 27]. (3) Moreover, metfor-

level min augments the count of TSH
Influencing factor B SE P OR 95% Cl receptors or enhances their affinity
Metformin 0309 0154 0025 0819 06220948  Of TSH to receptors, thereby dimin-
FT4 0276 0127 0019 0759 0.6010.882  'SNing TSH demand. Mi et al. [28]
Constant 4309 3.622 0488 0.015 expounded upon metformin’s sub-

Note: TSH: thyroid-stimulating hormone; FT4: free thyroxine.

thyroid volume in the SG compared to before
treatment and the CNG. It is indicated that
metformin can promote TN volume reduction
and decrease TSH levels. The mechanisms can
be explicated thusly: (1) Regulation of leptin
expression. Leptin, through JAK-2 signaling
pathway, impacts the TSH levels via binding
to the corresponding receptors in the hypothal-
amus and regulating the hypothalamic-pitu-
itary-thyroid axis [25]. In contrast, metformin
activates protein kinase, reduces fatty acid oxi-
dation, contributes to catabolism, inhibits ana-
bolic and pro-inflammatory pathways in the
adipose tissue. As a result, it improves IR,
reduces leptin levels, and inhibits TN growth.
(2) Metformin impacts TSH receptor activity
and heightens peripheral tissue sensitivity to
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stantial reduction of HOMA-IR in TN
patients with IR, thus alleviating IR,
diminishing TN size, and lowering
serum TSH, FT3, FT4 levels. These findings are
consistent with the results of this study, which
further demonstrated the clinical efficacy of
metformin in TN patients with IR.

In conclusion, metformin emerges as a potent
agent in ameliorating IR and oxidative stress
levels, modulating TSH levels, and diminishing
TNs in patients with TN complicated with IR,
with high drug safety. Nevertheless, it's impera-
tive to underscore the limitations of this study,
primarily its small sample size, limited range of
observational indices, and a short follow-up
duration. These limitations may have the poten-
tial to introduce bias into the study outcomes.
Therefore, the specific mechanism and effect
of metformin need to be further studied. No
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adverse prognosis was found in the two groups
after 1 year of treatment, but due to the retro-
spective nature of this analysis, no follow-up
was conducted on the long-term prognosis of
patients, constituting a critical study limitation.
Subsequent investigations should address this
deficiency by extending the observation period
and scrutinizing the factors influencing patient
prognoses.
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