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Prevalence of metabolic syndrome in hypothyroid patients

under Levothyroxine therapy

Levotiroksin tedavisi altindaki hipotiroidi hastalarinda metabolik sendrom

prevalansi
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ABSTRACT

Aim: Since thyroid hormones have an impact on lipid and glu-
cose metabolism, thyroid dysfunction is a risk factor for cardio-
vascular diseases. Metabolic syndrome (MS) is related to higher
risk of cardiovascular disease, diabetes mellitus, and all-cause
mortality. Studies have demonstrated that thyroid dysfunction
corresponds to a higher prevalence of MS. Additionally, some
studies have showed patients with MS had a higher prevalence
of hypothyroidism. We aimed to investigate whether hypothyroid
patients being treated with levothyroxine still have a higher pre-
valence of metabolic syndrome or not.

Methods: One hundred and eighty-six hypothyroid patients (175
female, 11 male) using levothyroxine treatment were included
in the study. Demographic, anthropometric and laboratory me-
asures were recorded. International Diabetes Federation (IDF)
criteria were used for diagnosis of MS.

Results: The prevalence of MS was 52% in hypothyroid patients
using levothyroxine. Mean age was 48.44+14.90 years. Mean
TSH was 1.94#1.11 ulU/L and mean free T4 was 1.06+0.20 (ng/
dL). Mean weekly levothyroxine dose was 537.01 mcg. We-
ekly levothyroxine dose was positively correlated with weight
(r:0.188, p:0.010), BMI (r*:0.227, p:0.026) and waist circumfe-
rence (r’:0.164, p:0.026). Weekly levothyroxine dose was also
positively correlated with LDL-cholesterol (r?:0.167, p:0.031) and
HbA1c (r*:0.180, p:0.034) levels. Weekly levothyroxine dose was
not correlated with other cardiometabolic risk factors (p>0.05).

Conclusions: The prevalence of metabolic syndrome is still high
in hypothyroid patients under levothyroxine treatment. Moreo-
ver, more comprehensive studies should be performed in a larger
-scale population to enlighten this association.

Keywords: Metabolic syndrome, hypothyroidism, levothyroxine
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Amag: Tiroid hormonlarinin lipid ve glukoz metabolizmasi lize-
rinde etkileri oldugundan, tiroid disfonksiyonu kardiyovaskiiler
hastaliklar igin bir risk faktéridir. Metabolik sendrom (MS) art-
mis kardiyovaskiiler hastalik ve tip 2 diyabetes mellitus riski ile
birlikte artmis tiim nedenlere bagl éliimle iliskilidir. Calismalar
tiroid disfonksiyonunun artmis MS prevalansi ile iliskili oldugunu
gostermistir. Bunun yaninda, MS’lu hastalarda daha fazla hipoti-
roidi gériilmektedir. Bu ¢alismada, levotiroksin tedavisi altindaki
hastalarin hala daha yiiksek metabolik sendrom prevalansina sa-
hip olup olmadiklarini arastirdik.

Method: Calismaya levotiroksin tedavisi altinda olan hipotiroid
186 hasta (175 kadin, 11 erkek) alindi. Demografik, antropomet-
rik ve laboratuvar verileri dosyalarindan kaydedildi. International
Diyabetes Federation (IDF) kriterleri metabolik sendrom tanisin-
da kullanildi.

Bulgular: Hipotiroidi hastalarinda metabolik sendrom sikligi %52
idi. Ortalama yas 48,44+14,90 yil idi. Ortalama TSH diizeyleri
1,94+1,11 ulU/L iken ortalama serbest T4 1,06+0,20 ng/dL idi.
Ortalama haftalik levotiroksin dozu 537,01 mcg idi. Ortalama
haftalik levotiroksin dozu agirlik (r*:0,188, p:0,010), viicut kitle in-
deksi (r’:0,227, p:0,026) ve bel gevresi (r*:0,164, p:0,026) ile pozitif
korrele idi. Ortalama haftalik levotiroksin dozu ayni zamanda LDL-
kolesterol (r*:0,167, p:0,031) ve HbA1c (r*:0,180, p:0,034) diizeyleri
ile de pozitif korrele idi. Ortalama haftalik levotiroksin dozu diger
kardiyometabolik risk faktérleri ile iliskili degildi (p>0,05).

Sonug: Levotiroksin tedavisi altinda étiroid olan hipotiroidi has-
talarinda hala artmis metabolik sendrom prevalansi mevcuttur.
Bununla birlikte daha biiyiik hasta grubu igeren daha genis kap-
samli ¢calismalar yapilmalidir.

Anahtar kelimeler: Metabolik sendrom, hipotiroidi, levotiroksin
tedavisi
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INTRODUCTION

Hypothyroidism is characterized by insufficient pro-
duction of thyroid hormones or lack of any effect of
thyroid hormone on target organs. It is a very com-
mon endocrinologic disorder!. Since metabolisms of
lipid and glucose are affected by thyroid hormones;
thyroid dysfunction is accepted as a cardiovascular
risk factor?. Metabolic syndrome (MS) is defined as a
group of specific cardiovascular (CV) risk factors such
as central obesity, hypertension, hyperglycemia, and
dyslipidemia. Inflammation, and dysfunction of en-
dothelium, hypercoagulability, and atherosclerosis
are other important features of MS which are related
to increased risk of cardiovascular disorders, diabetes
mellitus, and all-cause mortality>*. Lifestyle, demog-
raphic, socio-economic, and genetic factors affect
the prevalence of MS that varies by region and eth-
nic group®. According to previous studies, frequency
of MS in Turkey ranges between 23.7% and 32.2% in
males and 38.6% and 45.0% in females®.

The association between hypothyroidism and MS has
become a popular topic of discussion in recent years.
Studies have demonstrated that thyroid dysfunction
is related to an increased prevalence of MS”%. Addi-
tionally, some studies showed patients with MS had
a higher prevalence of hypothyroidism®®, Lee et al.!
have demonstrated a higher prevalence of MS in
patients with high- normal TSH levels. We aimed to
investigate whether hypothyroid patients being trea-
ted with levothyroxine still have an increased preva-
lence of MS or not.

MATERIAL and METHODS
Participants

One hundred and eighty-six hypothyroid patients
using levothyroxine were enrolled in the study. Local
ethics committee approval was obtained and all par-
ticipants were provided with written informed con-
sent forms. Fourteen patients diagnosed with thyro-
id cancer, and sixty patients who were not euthyroid
were excluded from the study. Finally, one hundred
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and eighty-six hypothyroid patients under levothyro-
xine treatment, in whom euthyroidism was achieved,
were enrolled in the study. All individuals were older
than 18 years. Patients with pregnancy, heart failure,
renal failure, liver failure, infectious disease, rheuma-
tologic disease were also excluded from the study.

Euthyroidism was described as a condition with nor-
mal TSH (reference range: 0.35-4.94 ulU/L) and free
T4 (reference range: 0.7-1.48 ng/dL) levels. TSH and
free T4 levels were measured using a chemilumines-
cent immunoassay method.

Blood pressures (BP) were measured from both arms
with the patient in a sitting position following a mini-
mum of 10 minutes of rest with a suitable mercurial
blood pressure monitors. Body weight, waist circum-
ference (WC), height, and body mass index (BMI)
were measured by the same person using standard
measurement tools.

International Diabetes Federation (IDF) criteria were
used for the diagnosis of MS. Diagnosis of MS was
made in consideration of the following criteria: waist
circumference >94 ¢cm for males or >80 cm for fema-
les plus the presence of at least two of the below
criteria: BP 2130/85 mmHg (or current treatment
with antihypertensive drug); fasting blood glucose
>100 mg/ dL (or current treatment with hypoglyce-
mic drug); fasting triglyceride (2150 mg/ dL or cur-
rent treatment for elevated triglyceride; high-density
lipoprotein cholesterol <40 mg/dL (for males) or <50
mg/dL (for females) or current treatment for redu-
ced HDL-C*%.

Statistical analysis

All statistical analyses were performed using the JMP
13.0.1 software (SAS Institute, Cary, NC, USA). Mean
+ standard deviation was used for expression of qu-
antitative data and numerical values and propor-
tions were used for expression of categorical data.
Normality of distribution was examined by using the
Kolmogorov-Smirnov or Shapiro-Wilk W test. The
chi-square or Fisher’s exact test was used when for
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categorical variables. Student’s t-test was used for
normally distributed continuous variables and the
Mann-Whitney U test was used for those that did
not fit to a normal distribution. Correlations were
assessed using Pearson’s and Spearman’s correlation
tests. A p-value of less than 0.05 was accepted as sta-
tistically significant.

RESULTS

One hundred and eighty-six hypothyroid patients
(175 female, 11 male) using levothyroxine were
included in the study. Mean age was 48.30+14.89.
Mean TSH value was 1.94+1.11 ulU/L and mean free
T4 was 1.0620.20 (ng/dL). Demographic, anthropo-
metric and laboratory characteristics of patients are
shown in table 1.

Mean age, body mass index, waist circumference,
systolic blood pressure, triglyceride, fasting plas-
ma glucose, Hbalc, HOMA-IR (for all p<.0001), GGT
(p<.001), creatinine (p<0.005), and diastolic blood

Table 1. Demographic, anthropometric and laboratory investi-
gations of patients.

Mean SD
Age (years) 48.30 14.89
Gender (female), n(%) 175 94
Height (cm) 161.91 7.25
Weight (kg) 75.62 17.99
BMI (kg/m?) 29.30 6.38
Waist circumference (cm) 93.05 14.44
Systolic Blood Pressure (mmHg) 123.63 18.17
Diastolic Blood Pressure (mmHg) 80.35 10.38
Levothyroxine dose (weekly) 537.02 239.53
TSH ulU/L 1.90 1.08
Free T4 (ng/dL) 1.06 0.20
Anti-TPO (IU/mL) 162.18 264.41
Anti-TG (IU/mL) 91.04 244.82
Total Cholesterol (mg/dL) 206.59 41.46
HDL-Cholesterol (mg/dL) 53.01 15.59
LDL-Cholesterol (mg/dL) 128.38 35.05
Triglyceride (mg/dL) 128.74 63.40
Fasting plasma glucose (mmol/L) 96.83 23.33
Hb-A1C (%) 5.93 1.06
Insulin mU/L 8.19 4.42
HOMA-IR 2.06 1.60
25-0H Vitamin D (ng/mL) 26.99 13.90
Creatinin (mg/dL) 0.76 0.13
AST (UI/L) 18.93 7.75
ALT (UI/L) 20.52 13.34
CRP (mg/L) 0.82 1.60

Table 2. Demographic, anthropometric and laboratory investigations of patients with and without metabolic syndrome.

Metabolic
syndrome (-)

Metabolic
syndrome (+)

Mean SD Mean SD
Age (years) 42.73 13.80 54.07 14.37 <.0001
BMI (kg/m?) 26.30 5.17 32.48 6.01 <.0001
Waist circumference (cm) 84.75 11.95 101.14 11.88 <.0001
Systolic Blood Pressure (mmHg) 117.90 13.78 130.13 20.10 <.0001
Diastolic Blood Pressure (mmHg) 78.14 9.95 82.56 10.51 0.0051
Levothyroxine dose (weekly) 502.29 219.33 563.56 254.26 0.0908
TSH ulU/L 1.75 0.99 1.97 1.11 0.1793
Free T4 (ng/dL) 1.06 0.19 1.08 0.21 0.5808
Anti-TPO (IU/mL) 194.13 288.59 131.42 242.22 0.2822
Anti-TG (IU/mL) 77.98 157.90 110.07 321.88 0.5792
Total Cholesterol (mg/dL) 202.23 41.70 209.35 40.52 0.2674
HDL-Cholesterol (mg/dL) 59.36 15.35 46.95 13.41 <.0001
LDL-Cholesterol (mg/dL) 125.56 31.54 130.05 37.85 0.4083
Triglyceride (mg/dL) 88.87 25.49 162.91 63.47 <.0001
Fasting plasma glucose (mmol/L) 87.65 7.42 105.59 29.39 <.0001
Hb-A1C (%) 5.46 0.49 6.32 1.25 <.0001
HOMA-IR 1.36 0.56 291 2.01 <.0001
25-0OH Vitamin D (ng/mL) 26.98 15.32 26.56 12.54 0.8477
Creatinin (mg/dL) 0.73 0.08 0.79 0.17 0.0011
AST (UI/L) 17.83 5.20 19.94 9.56 0.0756
ALT (UI/L) 18.05 9.87 22.72 15.79 0.0213
GGT(UI/L) 14.69 9.63 22.69 18.66 0.0009
CRP (mg/L) 0.60 1.25 1.00 1.85 0.2228
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pressure levels (p<.01) were significantly higher in
patients with MS when compared to those patients
without MS while HDL cholesterol levels were signifi-
cantly lower (p<.0001) (Table 2).

Mean age, BMI, systolic and diastolic BP, WC, trigl-
yceride, fasting plasma glucose, Hbalc, HOMA-IR,
creatinine, and GGT levels were higher in patients
with MS when compared to those of the patients
without MS. HDL cholesterol levels were lower in pa-
tients with MS (Table 2).

Mean weekly levothyroxine dose was 537.01+239.53
mcg. Weekly levothyroxine dose was positively cor-
related with weight (r*:0.188, p:0.010), BMI (r?:0.227,
p:0.026) and waist circumference (r?:0.164, p:0.026).
Weekly levothyroxine dose was also positively cor-
related with LDL-cholesterol (r*:0.167, p:0.031) and
HbAlc (r?:0.180, p:0.034) levels. Weekly levoth-
yroxine dose was not correlated with other cardio-
metabolic risk factors (p>0.05) (Table 3).

Table 3. Correlation analysis of weekly levothyroxine dose with
cardio-metabolic risk parameters.

Correlation p

coefficient
Age (years) 0.044 0.547
Height (cm) 0.010 0.891
Weight (kg) 0.188 0.010
BMI (kg/m2) 0.227 0.026
Waist circumference (cm) 0.164 0.026
Systolic Blood Pressure (mmHg) 0.044 0.549
Diastolic Blood Pressure (mmHg) -0.045 0.540
Total Cholesterol (mg/dL) 0.131 0.089
HDL-Cholesterol (mg/dL) -0.068 0.382
LDL-Cholesterol (mg/dL) 0.167 0.031
Triglyceride (mg/dL) 0.104 0.182
Fasting plasma glucose (mmol/L) 0.112 0.139
Hb-A1C (%) 0.180 0.034
HOMA-IR 0.122 0.165
CRP (mg/L) 0.043 0.683

DISCUSSION

In our study, MS was seen in 52% of hypothyroid
patients using levothyroxine. The frequency of MS
was higher among hypothyroid patients treated with
levothyroxine relative to general population. These
results suggest that metabolic syndrome was more
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frequently seen even among treated hypothyroid pa-
tients.

Thyroid hormones modulate basal metabolism, ther-
mogenesis and have a significant role in lipid and glu-
cose metabolism, food intake and oxidation of fatty
acids®. Hypothyroidism leads to mild hypertension
due to low cardiac output, a decrease in ventricu-
lar filling, and cardiac contractility and an increase
in systemic vascular resistance®. Thyroid hormones
have an impact on the synthesis, metabolism, and
mobilization of lipids by regulating the activities of
key enzymes in lipoprotein metabolism?®. Hypoth-
yroidism may lead to accelerated atherosclerosis
and coronary heart disease, probably as a result of
hypercholesterolemia and hypertension'*. Increased
TSH concentrations are related to increased body
weight?®,

Even small variations in TSH could result in an incre-
ase in body weight'’. Hypothyroidism is considered
to be a risk factor for insulin resistance. Hypothyro-
idism leads to a decrease in the rate of intestinal
glucose absorption, a decrease in liver and muscle
glycogenolysis by lowering the adrenergic activity
and a reduction in gluconeogenesis and basal insulin
secretion. Nevertheless, insulin secretion and free
fatty acids levels increase postprandially with a dec-
reased glucose uptake and increased glucose oxida-
tion!®. Handisurya et al.'® showed that levothyroxine
treatment improved insulin tolerance in hypothyroid
patients.

Hypothyroidism has negative effects on total choles-
terol, LDL, Apo Al, Apo B, and lipoprotein (a) levels®*
22 Caron et al.”® reported that hypothyroidism was
associated with lower HDL-C levels that increased
with levothyroxine treatment.

Thyroid hormones have an adverse effect on all pa-
rameters of MS including lipid and glucose metabo-
lism, BP and weight; hence thyroid dysfunction may
lead to the onset of MS?,

Shantha et al.?* reported that hypothyroidism was re-
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lated to MS, with higher risk in females. Erdogan et al.
considered that hypothyroidism had a major impact
on the development of MS as a result of increasing
waist circumference and insulin resistance’. Roos et
al.?® associated free T4 levels with components of MS
in individuals with normal thyroid function.

Various studies have evaluated the impact of levoth-
yroxine treatment on metabolic parameters. Bakiner
etal.?’ could not find any decrease in body weight and
body fat percentage with levothyroxine treatment.
Efstathiadou et al.?° notified that patients with subc-
linical hypothyroidism have elevated concentrations
of the atherogenic lipids (mainly LDL-C and Lp(a)),
however, levothyroxine treatment did not improve
dyslipidemia in these patients. In a study conducted
in hypercholesterolemic patients, the liver-selective
thyromimetic eprotirome was shown to decrease se-
rum levels of atherogenic lipoproteins®,.

BMI, WC, BP, triglyceride, fasting plasma glucose,
Hbalc, HOMA-IR levels were higher and HDL cho-
lesterol levels were lower in our patients with MS
as expected*. Hu W et al.?® showed that MS was in-
dependently related to a mildly reduced glomerular
filtration rate. We found higher creatinine concent-
rations in patients with MS. Elevated serum GGT le-
vel predicts the onset of MS. We found higher GGT
levels in patients with MS.

MS is described as a pandemic affecting 20 to 30% of
adult population worldwide®, while 9.2 million adult
people aged > 30 years and 53% of the patients with
coronary artery disease suffered from MS according
to TEKHARF study conducted in 2000%'. METSAR (Tur-
kiye Metabolik Sendrom Arastirmasi) study reported
the prevalence of MS as 33.9% among adults in Tur-
key*2. Gundogan et al.® reported the prevalence of MS
in Turkey as 44% according to IDF criteria. According
to data of PURE (Prospective Urban Epidemiological
Study) Turkey study conducted with 4057 adults;
the prevalence rates of MS in women and men were
43.5% and 41.4% respectively. Additionally, the pre-
valence of MS increases as the population ages. As a
matter of fact the prevalence of MS in adults 60-64

years old was 57.7%>%. We aimed to investigate whet-
her hypothyroid patients under levothyroxine treat-
ment still have a higher prevalence of MS or not. We
evaluated the prevalence and parameters of MS in
these euthyroid patients. We found that the preva-
lence of MS is 52% in these patients. These results
may show that the prevalence of MS is still high in
hypothyroid patients even if they are using levoth-
yroxine treatment. Therefore, MS should be conside-
red in these patients even they are euthyroid. The
prevalence of MS found in our study was higher than
the results of these mentioned studies conducted in
Turkey. These findings could be explained by slightly
older patients included in our study.

A cross-sectional design, being a single-center trial,
relatively small sample size are limitations of our
study.

In conclusion, the prevalence of metabolic syndrome
is still high in hypothyroid patients under levothyro-
xine treatment. Moreover, more comprehensive stu-
dies should be performed in a larger population to
enlighten this association.

REFERENCES

1. Almandoz JP, Gharib H. Hypothyroidism: Etiology, Diagnosis,
and Management. Med. Clin. North Am. 2012;96(2):203-
221.
https://doi.org/10.1016/j.mcna.2012.01.005

2. Walsh JP, Bremner AP, Bulsara MK, O’Leary P, Leedman PJ,
Feddema P, Michelangeli V. Thyroid dysfunction and serum
lipids: A community-based study. Clin. Endocrinol. (Oxf).
2005;63(6):670-675.
https://doi.org/10.1111/j.1365-2265.2005.02399.x

3. Kizilgul M, Uzunlulu M, Karacakaya M, Semerci A, Isbilen B
IF. Pentraxin 3 Levels as a Marker of Chronic Inflammation
in Patients With Metabolic Syndrome. J Endocrinol Metab
2012;2(6):220-227.
https://doi.org/10.4021/jem142w

4. Miranda PJ, DeFronzo RA, Califf RM, Guyton JR. Metabolic
syndrome: Definition, pathophysiology, and mechanisms. In:
American Heart Journal. Vol 149.;2005:33-45.
https://doi.org/10.1016/j.ahj.2004.07.013

5. Alberti KGMM, Zimmet P, Shaw J. The metabolic syndrome
- A new worldwide definition. Lancet 2005;366(9491):1059-
1062.
https://doi.org/10.1016/50140-6736(05)67402-8

6. Gundogan K, Bayram F, Gedik V, Kaya A, Karaman A, Demir O,
Sabuncu T, Kocer D, Coskun R. Metabolic syndrome prevalen-
ce according to ATP Ill and IDF criteria and related factors in
Turkish adults. Arch. Med. Sci. 2013;9(2):243-253.

261



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://doi.org/10.5114/aoms.2013.34560

Erdogan M, Canataroglu a, Ganidagli S, Kulaksizoglu M. Me-
tabolic syndrome prevalence in subclinic and overt hypoth-
yroid patients and the relation among metabolic syndrome
parameters. J. Endocrinol. Invest. 2011;34(7):488-92.
Bamashmos MA, Atef ZA. The prevalence of metabolic
syndrome in Yemeni patients with hypothyroidism. WORLD
Fam. Med. 2016;14(6):29-36.
https://doi.org/10.5742/MEWFM.2016.92805

Uzunlulu M, Yorulmaz E, Oguz A. Prevalence of subclinical
hypothyroidism in patients with metabolic syndrome. En-
docr. J. 2007;54(1):71-76.
https://doi.org/10.1507/endocrj.K06-124

Khatiwada S, Sah SK, KCR, Baral N, Lamsal M. Thyroid dysfunc-
tion in metabolic syndrome patients and its relationship with
components of metabolic syndrome. Clin. Diabetes Endocri-
nol. 2016;2(1):3.
https://doi.org/10.1186/s40842-016-0021-0

Lee YK, Kim JE, Oh HJ, Park KS, Kim SK, Park SW, Kim MJ, Cho
YW. Serum TSH level in healthy koreans and the association
of TSH with serum lipid concentration and metabolic syndro-
me. Korean J. Intern. Med. 2011;26(4):432-439.
https://doi.org/10.3904/kjim.2011.26.4.432

Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome-a new
world-wide definition. A Consensus Statement from the Inter-
national Diabetes Federation. Diabet. Med. 2006;23(5):469-
480.

https://doi.org/10.1111/j.1464-5491.2006.01858.x
Rosenbaum M, Hirsch J, Murphy E, Leibel RL. Effects of
changes in body weight on carbohydrate metabolism, catec-
holamine excretion, and thyroid function. Am. J. Clin. Nutr.
2000;71(6):1421-1432.
https://doi.org/10.1093/ajcn/71.6.1421

Klein I OK. Thyroid hormone and the cardiovascular system.
N EnglJ Med. 2001, 344 501-9 2001;344:501-9.
https://doi.org/10.1056/NEJM200102153440707
Liberopoulos EN, Elisaf MS. Dyslipidemia in patients with
thyroid disorders. Hormones (Athens). 2002;1(4):218-23.
https://doi.org/10.14310/horm.2002.1170

Fox CS, Pencina MJ, D’Agostino RB, Murabito JM, Seely
EW, Pearce EN, Vasan RS. Relations of thyroid function to
body weight: Cross-sectional and longitudinal observa-
tions in a community-based sample. Arch. Intern. Med.
2008;168(6):587-592.
https://doi.org/10.1001/archinte.168.6.587

Knudsen N, Laurberg P, Rasmussen LB, Bulow I, Perrild H,
Ovesen L, Jgrgensen T. Small differences in thyroid function
may be important for body mass index and the occurren-
ce of obesity in the population. J. Clin. Endocrinol. Metab.
2005;90(7):4019-4024.
https://doi.org/10.1210/jc.2004-2225

Gierach M, Gierach J, Junik R. Insulin resistance and thyroid
disorders. Endokrynol. Pol. 2014;65(1):70-76.
https://doi.org/10.5603/EP.2014.0010

Handisurya A, Pacini G, Tura A, Gessl A, Kautzky-Willer A.
Effects of T4 replacement therapy on glucose metabolism
in subjects with subclinical (SH) and overt hypothyroidism
(OH). Clin. Endocrinol. (Oxf). 2008;69(6):963-969.
https://doi.org/10.1111/j.1365-2265.2008.03280.x
Efstathiadou Z, Bitsis S, Milionis HJ, Kukuvitis A, Bairaktari ET,
Elisaf MS, Tsatsoulis A. Lipid profile in subclinical hypothyro-
idism: Is L-thyroxine substitution beneficial? Eur. J. Endocri-
nol. 2001;145(6):705-710.
https://doi.org/10.1530/eje.0.1450705

262

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Med Med J 2018;33(4):257-262

Wang F, Tan Y, Wang C, Zhang X, Zhao Y, Song X, Zhang B,
Guan Q, Xu J, Zhang J, Zhang D, Lin H, Yu C, Zhao J. Thyroid-
stimulating hormone levels within the reference range are
associated with serum lipid profiles independent of thyroid
hormones. J. Clin. Endocrinol. Metab. 2012;97(8):2724-31.
https://doi.org/10.1210/jc.2012-1133

Xu C, Yang X, Liu W, Yuan H, Yu C, Gao L, Zhao J. Thyroid sti-
mulating hormone, independent of thyroid hormone, can
elevate the serum total cholesterol level in patients with co-
ronary heart disease: a cross-sectional design. Nutr. Metab.
(Lond). 2012;9(1):44.
https://doi.org/10.1186/1743-7075-9-44

Caron P, Calazel C, Parra HJ, Hoff M, Louvet JP. Decreased
HDL cholesterol in subclinical hypothyroidism: the effect of
L-thyroxine therapy. Clin. Endocrinol. (Oxf). 1990;33(4):519-
523.

https://doi.org/10.1111/j.1365-2265.1990.tb03889.x

Liu Y-Y, Brent G a. Thyroid hormone crosstalk with nuclear re-
ceptor signaling in metabolic regulation. Trends Endocrinol.
Metab. 2010;21(3):166-73.
https://doi.org/10.1016/j.tem.2009.11.004

Shantha GPS, Kumar A a, Jeyachandran V, Rajamanickam D,
Rajkumar K, Salim S, Subramanian KK, Natesan S. Association
between primary hypothyroidism and metabolic syndrome
and the role of C reactive protein: a cross-sectional study
from South India. Thyroid Res. 2009;2(1):2.
https://doi.org/10.1186/1756-6614-2-2

Roos A, Bakker SIL, Links TP, Gans ROB, Wolffenbuttel BHR.
Thyroid function is associated with components of the me-
tabolic syndrome in euthyroid subjects. J. Clin. Endocrinol.
Metab. 2007;92(2):491-6.
https://doi.org/10.1210/jc.2006-1718

Bakiner O, Bozkirli E, Ersozlu Bozkirli ED, Ozsahin K. Correc-
tion of hypothyroidism seems to have no effect on body fat.
Int. J. Endocrinol. 2013;2013:576794.

Angelin B, Kristensen JD, Eriksson M, Carlsson B, Klein I, Ols-
son AG, Chester Ridgway E, Ladenson PW. Reductions in se-
rum levels of LDL cholesterol, apolipoprotein B, triglycerides
and lipoprotein(a) in hypercholesterolaemic patients treated
with the liver-selective thyroid hormone receptor agonist ep-
rotirome. J. Intern. Med. 2015;277(3):331-342.
https://doi.org/10.1111/joim.12261

Lee DS, Evans JC, Robins SJ, Wilson PW, Albano |, Fox CS,
Wang TJ, Benjamin EJ, D’Agostino RB VR. Gamma glutamyl
transferase and metabolic syndrome, cardiovascular disea-
se, and mortality risk: the Framingham Heart Study. Arter.
Thromb Vasc Biol. 2007;27(1):127-33.
https://doi.org/10.1161/01.ATV.0000251993.20372.40
Grundy SM. Metabolic syndrome pandemic. Arterioscler.
Thromb. Vasc. Biol. 2008;28(629):36.
https://doi.org/10.1161/ATVBAHA.107.151092

Onat A, Karabulut A, Yazici M, Can G S V. Turk yetiskinlerde
hiperkolesterolemi ve hipertansiyon birlikteligi: Sikhgina ve
kardiyovaskdler riski 6ngdrdirmesine iliskin TEKHARF galig-
masi verileri. Turk Kardiyol Dern Ars 32:533-42.

Kozan O, Oguz A, Abaci A, Erol C, Ongen Z, Temizhan A, Ce-
lik S. Prevalence of the metabolic syndrome among Turkish
adults. Eur. J. Clin. Nutr. 2007;61:548-53.
https://doi.org/10.1038/sj.ejcn.1602554

Oguz A, Altuntas Y, Karsidag K, Glile¢ S, Temizhan A, Akalin AA
et al. The prevalence of metabolic syndrome in Turkey. Obes.
Rev. 2010;11:486.



