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Abstract

Aim: The present research aimed to determine the relation between metabolic syndrome (MetS) and thyroid volume and nodule
prevalence among Turkish population patients.

Methods: This retrospective cohort study was carried on 850 patients between the ages of 20 and 65 who visited the diabetic,
endocrinology, and general surgery outpatient clinics in the Mega Medipol and Medipol Hospital between January 2014 and
December 2017. This study included sociodemographic information, body mass index (BMI), diabetes mellitus (DM), systolic
(SBP) and diastolic (DBP) blood pressures, and clinical biochemistry results such as serum triglyceride, total cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein (LDL) cholesterol, hemoglobin Alc (HbAIc), fasting blood
glucose levels, thyroid-stimulating hormone (TSH), T3, T4, and other MetS parameters. Thyroid fine needle aspiration biopsy was
suggested to patients whose thyroid nodules were greater than 1.00 cm. The definition and diagnostic of MetS used as proposed
by the National Cholesterol Education Program—Third Adult Treatment Panel.

Results: There were statistically significant differences between patients with thyroid nodules and those without regarding age,
gender, BMI, physical activity, cigarette smoking, shisha smoking, family history of diabetes, hypertension, and thyroid. Meanwhile,
statistically significant differences were found between with and without MetS for calcium (P = .028), magnesium (P < .001),
potassium (P < .001), fasting blood glucose (P = .047), HbAlc (P <.001), HDL (P < .001), LDL (P < .001), albumin (P = .008),
bilirubin (P = .002), triglyceride (P = .01 1), SBP (P =.001) and DBP (P = .01 1), TSH (P = .005), T3 (P <.001), and T4 (P <.001).
Furthermore, there were statistically significant differences between participants with and without thyroid nodules for calcium (P
<.001), magnesium (P <.001), potassium (P <.001), fasting blood glucose (P =.010), HbAlc (P =.019), HDL (P <.001), LDL (P =
.012), albumin (P = .002), bilirubin (P < .001), triglyceride (P <.001), SBP (P <.001) and DBP (P = .004), TSH (P = .015), T3 (P <
.001), and T4 (P < .001). Multivariate stepwise logistic regression analysis used for independent predictors for the presence of
thyroid nodules which TSH (P <.001), family history of thyroid and DM (P <.001), age in years (P = .025), DBP and SBP (P <.001),
BMI (P = .014), HDL-C (P = .034), and waist circumference (in cm; P = .044) were considered at higher risk as a predictors of
thyroid with patients with MetS.

Conclusion: The results of the current study confirm a strong positive association between MetS and thyroid nodules risk among

patients with MetS. This study suggest that the patients with MetS can be considered as a marker to have moderately increased
risk of future thyroid nodules and cancer. Meanwhile, MetS, obesity, and hyperglycemia could be a qualifiable and modifiable risk
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factor for thyroid nodules. The regularly glycemic control may be the most important treatment for the reduction of incidence or

the prevention of thyroid.
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Introduction

Metabolic syndrome (MetS) and type 2 diabetes mellitus
(T2DM) are the main threats to the 21st century and impress
the health and economic status of most countries.' Metabolic
syndrome leads to an increase in the risk of cardiovascular
disease®™ and thyroid*® in long term. They are the primary
reason of mortality and morbidity in most high-income and
developing countries.® Lifestyle factors, sleep duration, physi-
cal activity, regular exercise, and healthy-balanced diet are
essential components in the prevention of MetS.?

Overall, in the last 3 decades, the incidence and prevalence
of thyroid cancer, in other words papillary histotype, has indi-
cated a stable rise around the world.>® Metabolic syndrome is a
clustering of medical conditions that reflects overweight, obe-
sity, sedentary lifestyles, stress, hypertension, hyperglycemia,
and dyslipidemia,**® which they are not independent of one
another and that they may share underlying causes and
mechanisms.® In several studies, MetS is considered as a risk
factor for cardiovascular disease and thyroid.'®'? Positive
associations between MetS and thyroid nodules have been
reported by several authors.'”'* The present research aimed
to determine the relation between MetS and thyroid volume
and nodule prevalence among Turkish population patients.

Participants and Methods

This retrospective study was performed on participants
between the ages of 20 and 60 who visited the diabetes, endo-
crinology, thyroid surgery, and outpatient clinics in the Mega
Medipol International School of Medicine Hospital and Med-
ipol Hospital from January 2014 to December 2017. The cur-
rent sample size was based on the detected as 850 case series
registered with diagnosed MetS and thyroid nodule to be
included to meet specific objectives. The Institutional Review
Board (IRB) ethical approval for the present study was taken
from the Medipol International School of Medicine, Istanbul
Medipol University, and patients gave informed written con-
sent before starting.

Laboratory Measurements

Patients were considered to have DM if they have a history of
DM and were currently taking any oral medications for dia-
betes. According to the World Health Organization (WHO) and
International Diabetes Federation (IDF), DM is defined when
fasting venous blood glucose concentration is equal or higher
than 7.0 mmol/L and/or postprandial blood glucose concentra-
tion is higher than 11.1 mmol/L."? A glucometer was used to

measure fasting blood glucose of all patients. Oral glucose
tolerance test was carried out only if blood sugar was less than
7 mmol/L. The inclusion criteria comprised of diagnosis of
T2DM in conformity with international standards by WHO and
IDF."?

The definition and diagnostic of MetS used as proposed by
the National Cholesterol Education Program—Third Adult
Treatment Panel guidelines'*'*: (1) a participant has the MetS
of waist circumference higher than 94 cm in men and 80 cm in
women; (2) level of fasting glucose level has to be higher than
100 mg/dL (5.6 mmol/L) or a participant must have been pre-
viously diagnosed with impaired fasting glucose; (3) level of
blood pressure has to be higher than 130/85 mm Hg or a parti-
cipant was cured for hypertension; (4) level of triglyceride
must have been measured to be higher than 150 mg/dL (1.7
mmol/L); (5) level of high-density lipoprotein cholesterol
(HDL-C) must be less than 40 mg/dL (1.03 mmol/L) in men
and 50 mg/dL (1.29 mmol/L) in women or participant was
cured for low HDL.

Thyroid Evaluation

A thyroid nodule is a lump that occurs from the abnormal growth
of thyroid cells, located at the base of the neck, and produces
the hormones thyroxine and triiodothyronine.'> A 10-MHz lin-
ear probe (Logiq 5 Pro, GE Medical Systems, Wisconsin) was
used by same physician (C.C.B.) for thyroid ultrasonography.
Thyroid fine needle aspiration biopsy was suggested to patients
whose thyroid nodules were higher than 1.00 cm.

Questionnaire, Physical Examination, and Measurements

This study included several parameters such as sociodemo-
graphic characteristics, lifestyle habits, and biochemical test
results. Patients were classified as physically active if they
walked or cycled for more than 30 minutes per day.

The data were analyzed using the Statistical Package for the
Social Sciences (IBM SPSS Statistics for Windows, version
22.0; IBM Corp, Armonk, New York). The significance of
differences between mean values of 2 continuous variables was
determined by Student ¢ test for normal distribution data and by
Mann-Whitney U test for not normal distribution data. Chi-
square test tested the differences in proportions of categorical
variables between 2 or more groups. Multivariate logistic
regression analysis using the forward inclusion and backward
deletion method was used to assess the relationship between
dependent and independent variables and to adjust for potential
confounders and orders the importance of risk factors
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Table I. Comparison of Sociodemographic and Clinical Characteristics of the Metabolic Variables and Presence of Thyroid Nodules in

Participants.?

Thyroid
Variables With Thyroid Nodule, n =212 Without Thyroid Nodule, n = 638  Odds Ratio (95% CI) P Value
Age groups (in years)
>30 26 (12.3) 54 (8.5) |
30-39 41 (9.3) 96 (15.0) 0.89 (0.48-1.60) .692
40-49 46 (21.7) 154 (24.1) 0.89 (0.48-1.60) 101
50-59 54 (25.9) 141 (22.1) 0.62 (0.35-1.09) 425
60 and above 45 (21.2) 193 (30.3) 0.89 (0.53-1.47) 012
Gender
Male 91 (42.9) 221 (34.6) 1.41 (1.03-1.94) .030
Female 121 (57.1) 417 (65.4) |
BMI (kg/m?)
Normal (<25 kg/m?) 51 (24.1) 194 (30.4) I
Overweight (29-30 kg/m?) 92 (43.4) 285 (44.7) 1.22 (0.83-1.80) 299
Obese (>30 kg/m?) 69 (32.5) 101 (24.9) 1.66 (1.08-2.50) 018
Physical activity
Yes 43 (20.3) 179 (28.1) |
No 169 (79.7) 459 (71.9) 0.65 (0.55-0.95) .026
Smoking status
Never 164 (77.4) 538 (84.3) |
Current smoker 36 (17.0) 66 (10.3) 1.78 (1.15-2.78) .009
Past smoker 12 (5.6) 34 (5.3) 1.15 (0.58-2.28) 673
Shisha smoking status
Yes 37 (17.9) 74 (11.6) 1.61 (1.04-2.47) .028
No 175 (82.5) 564 (88.4) |
Family history of DM |
Yes 32 (I15.1) 64 (10.0) 1.70 (1.01-2.51) .044
No 180 (84.9) 574 (90.0) |
Family history of hypertension
Yes 57 (26.9) 115 (18.0) 167 (1.16-2.41) .005
No 155 (73.1) 523 (82.0) |
Family history of thyroid
Yes 27 (12.7) 24 (3.8) 3.73 (2.10-6.62) .001
No 185 (87.3) 614 (96.2) |

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus.

*N = 850.

(determinants) to predict the factors for the presence of thyroid
nodules. The cutoff value for determining significance was
chosen as 0.05.

Results

Table 1 presents the comparison of sociodemographic and clin-
ical characteristics of the metabolic variables and presence of
thyroid nodules in participants. There were statistically signif-
icant differences between patients with and without thyroid
nodules regarding age, gender, body mass index (BMI), phys-
ical activity, cigarette smoking, shisha smoking, family history
of diabetes, hypertension, and thyroid.

Table 2 shows the clinical biochemistry baseline value
among MetS participants and presence of thyroid nodules in
participants with and without metabolic syndrome. Statistically
significant differences were found between with and without
MetS for calcium (P = .028), magnesium (P <.001), potassium

(P <.001), fasting blood glucose (P = .047), hemoglobin Alc
(HbAlc; P <.001), HDL (P < .001), low-density lipoprotein
(LDL) (P < .001), albumin (P = .008), bilirubin (P = .002),
triglyceride (P = .011), systolic blood pressure (SBP; P =
.001) and diastolic blood pressure (DBP; P = .011), thyroid-
stimulating hormone (TSH; P = .005), T3 (P <.001), and T4
(P <.001).

Table 3 presents the clinical biochemistry baseline value
among MetS participants with thyroid and without thyroid
nodules. There were statistically significant differences
between participants with and without thyroid nodules for cal-
cium (P <.001), magnesium (P < .001), potassium (P <.001),
fasting blood glucose (P = .010), HbAlc (P =.019), HDL (P <
.001), LDL (P = .012), albumin (P = .002), bilirubin
(P < .001), triglyceride (P < .001), SBP (P < .001) and DBP
(P =.004), TSH (P = .015), T3 (P <.001), and T4 (P <.001).

Table 4 indicates multivariate stepwise logistic regression
analysis of independent predictors for the presence of thyroid
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Table 2. Clinical Biochemistry Baseline Value Among Metabolic Variables Participants and Presence of Thyroid Nodules in Participants.>®

With Metabolic Syndrome, Without Metabolic Syndrome,
Variables n = 284, Mean (SD) n = 576, Mean (SD) P Value
Hemoglobin (g/dL) 12.88 (2.38) 12.95 (2.26) .285
Magnesium (mmol/L) 0.76 (0.08) 0.90 (0.09) <.001
Potassium (mmol/L) 3.30 (0.41) 3.51 (0.54) <.001
Calcium (mmol/L) 1.66 (0.61) 1.78 (0.68) .028
Phosphorous (mmol/L) 1.42 (0.30) 1.56 (0.26) 123
Creatinine (mmol/L) 69.61 (14.43) 65.01 (18.72) .007
Fasting blood glucose (mmol/L) 6.68 (1.35) 6.93 (1.31) .047
HbAlc 6.54 (1.47) 6.02 (1.32) <.001
Cholesterol (mmol/L) 4.38 (0.91) 4.35 (0.75) .589
HDL (mmol/L) 1.21 (0.39) 1.08 (0.41) <.001
LDL (mmol/L) 1.97 (0.92) 1.72 (0.69) <.001
Albumin (mmol/L) 40.09 (4.34) 41.28 (6.44) .008
Bilirubin (mmol/L) 6.62 (2.83) 7.18 (2.31) .002
Triglyceride (mmol/L) 1.65 (0.63) 1.53 (0.68) 0l
Uric acid (mmol/L) 270.5 (68.03) 274.9 (68.5) .349
Systolic blood pressure (mm Hg) 126.24 (11.76) 122.80 (15.02) .001
Diastolic blood pressure (mm Hg) 77.48 (75) 75.85 (9.42) 011
Thyroid-stimulating hormone, TSH 2.83 (1.01) 2.62 (1.03) .005
T3 2.14 (1.00) 1.67 (1.11) <.001
T4 1.40 (0.89) I.11 (0.58) <.001

Abbreviations: HDL, high-density lipoprotein; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein.

*N = 850.

bThyroid-stimulating hormone (reference range, 0.35-4.0 mlU/L), free triiodothyronine (FT3; reference range, 1.71-4.71 pg/mL), and free thyroxine (FT4;
reference range, 0.8-1.9 ng/dL).

Table 3. Clinical Biochemistry Baseline Value Among Metabolic Syndrome Participants With Thyroid and Without Thyroid Nodules.?

Variables With Thyroid Nodule, n = 212, Mean (SD) Without Thyroid Nodule, n = 638, Mean (SD) P Value
Hemoglobin (g/dL) 12.82 (2.23) 12.98 (2.40) 278
Magnesium (mmol/L) 0.78 (0.08) 0.91 (0.09) <.001
Potassium (mmol/L) 3.20 (0.31) 3.55 (0.56) <.001
Calcium (mmol/L) 1.55 (0.45) 1.89 (0.70) <.001
Phosphorous (mmol/L) 1.39 (0.32) 1.58 (0.39) <.001
Creatinine(mmol/L) 70.61 (14.50) 66.20 (14.00) 997
Fasting blood glucose(mmol/L) 6.77 (1.40) 6.33 (1.31) .010
HbAlc 6.80 (1.45) 6.29 (1.43) 019
Cholesterol (mmol/L) 4.53 (1.02) 4.30 (0.74) .002
HDL (mmol/L) 1.28 (0.40) 1.06 (0.32) <.001
LDL (mmol/L) 1.71 (0.62) 1.53 (1.00) 012
Albumin (mmol/L) 41.2 (5.65) 38.33 (7.50) .002
Bilirubin (mmol/L) 6.21 (2.46) 7.65 (2.58) <.001
Triglyceride (mmol/L) 1.74 (0.54) 1.55 (0.71) <.0I1
Uric acid (mmol/L) 274.3 (68.90) 271.0 (77.8) 616
Systolic blood pressure (mm Hg) 128.8 (11.0) 123.6 (14.9) <.001
Diastolic blood pressure (mm Hg) 784 (75) 75.9 (8.9) .004
Thyroid-stimulating hormone, TSH 2.94 (0.84) 2.74 (1.01) 0I5
T3 2.24 (0.94) 1.81 (1.15) <.001
T4 1.52 (1.05) 1.12 (0.53) <.001

Abbreviations: HDL, high-density lipoprotein; HbAlc, hemoglobin Alc; LDL, low-density lipoprotein.
*N = 850.

nodules. Thyroid-stimulating hormone (mIU/L; P <.001), fam- (P = .014), HDL-C (P = .034), and waist circumference (cm;
ily history of thyroid and DM (P < .001), age (in years; P = P = .044) were considered at higher risk as predictors of
.025), DBP (mm Hg; P <.001), SBP (mm Hg; P <.001), BMI thyroid for patients with MetS.
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Table 4. Multivariate Stepwise Logistic Regression Analysis of
Independent Predictors for the Presence of Thyroid Nodules.

Adjusted Odds P
Variables Ratio (95% CI) Value
TSH, mlU/L 2.71 (1.63-4.39) <.001
Family history of thyroid 2.98 (1.89-5.14) <.001
Family history of DM 2.85 (1.77-4.96) <.001
Diastolic blood pressure, mm Hg 2.07 (1.9-2.25) .010
Systolic blood pressure, mm Hg 1.56 (1.11-2.15) .012
BMI (kg/m?) 3.13 (2.524.14) 014
Age, in years 1.24 (1.12-2.31) .025
HDL-C (mmol/L) 1.84 (1.55-218) .034
Waist circumference, cm 1.98 (1.40-3.06) .044

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes
mellitus; HDL-C, high-density lipoprotein cholesterol; TSH, thyroid-
stimulating hormone.

Discussion

This study determined the relationship between the presence of
thyroid nodules and the components of MetS in healthy Turkish
population with no evidence of iodine insufficiency. Although
Turkey have moderately iodine-deficient area,'® the present
study demonstrates that people with MetS had a higher preva-
lence of thyroid nodules. The current results revealed strong
correlation between thyroid nodules and MetS elements, which
may have important implications for the diagnosis and treat-
ment of thyroid-related diseases, those results are consistent
with the Korean study® and pervious reported study in Tur-
key.'® Furthermore, MetS is usually recognized as a compli-
cation and risk for thyroid. Therefore, effective control of
MetS is essential to reduce the incidence of thyroid in the
middle age-group and may affect the quality of life. The
elements of MetS lead to increase thyroid volume and
nodule. These are consistent with the results of Ayturk
et al'> and Korean study® that pointed out the insulin level
as a predictor of thyroid volume increase. Further, the parti-
cipants with MetS also had a higher prevalence of thyroid
nodules larger than 1 cm, consistent with a previous study
showing a positive association between insulin resistance and
thyroid nodule size.*'°

Furthermore, several studies reported that thyroid volume
is related to a variety of risk factors such as iodine deficiency
and supply, BMI, age, gender, smoking status, genetic factors,
impaired fasting glucose, and DM.*'*!7"1 Additionally, a
study has investigated the role of environmental and
lifestyle factors.® In a few recent studies, thyroid cancer risk
factors including iodine deficiency, environmental, genetic,
family history of DM and hypertension, and lifestyle
factors.®%10:13:17:20 The current study is confirmative with the
documented literature determining the association between
metabolic disorders characterized by insulin resistance and
the risk of thyroid cancer with the underlying results.®'”-?
More recently, a few studies®®?! which have assessed how
thyroid functions related to MetS prevalence in large

populations have revealed strong correlations between
thyroid, and obesity, T2DM, and MetS. These results are
confirmative with the current study.

Limitations and Strength of Study

Our study has several strengths but also some weaknesses.
Firstly, the sample might be partially biased due to the retro-
spective cohort study. Secondly, we did not have data on the
frequency of thyroid examinations in our study population.
Thirdly, there was no cytological or histological results for
each nodule. The greatest strengths of this study are the very
large sample of participants and the large data set of risk factor
variables such as TSH, T3, T4, body weight, physical activity,
smoking cigarette, diet, BMI, family history of diabetes, hyper-
tension, and thyroid.

Conclusion

The results of the current study confirm a strong positive asso-
ciation between MetS and thyroid nodules risk among patients
with MetS. This study suggest that the patients with MetS can
be considered as a marker to have moderately increased risk of
future thyroid nodules and cancer. Meanwhile, MetS, obesity,
and hyperglycemia could be a qualifiable and modifiable risk
factor for thyroid nodules. The regularly glycemic control may
be the most important treatment for the reduction in the inci-
dence or prevention of thyroid. Therefore, it may lead to
improve the quality of life in patients.
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