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SUMMARY

Objective: Although the diagnosis and treatment of subclinical hypothyroidism (SH) primarily
depend on the upper normal TSH serum concentration, there are not any well standardized reference
limits to be used in the diagnosis and treatment of subclinical hypothyroidism.The aim of the study
was to obtain data using serum lipid profile in order to optimize the target TSH levels especially for
patients who have a high risk factor for atherosclerosis.

Method: A total of 213 patients with the diagnosis of SH and 178 euthyroid subjects were included
in the study. Serum lipid parameters and the concentrations of thyrotropin (TSH), and free thyroxin
f(T4) and free triiyodotironin f(T3) were recorded.

Results: Statistically significant difference was observed between patients and controls in terms of
low density lipoprotein cholesterol (LDL-C), total cholesterol (TC), non-HDL-C and the ratio of
TC/HDL-C. TSH level correlated significantly with LDL-C, TC, non-HDL-C and the ratio of
TC/HDL-C in control and patient groups. According to LDL-C concentrations, different increased
risk rate were observed in the presence of different TSH values.

Conclusions: We found positive correlation between TSH and atherogenic lipids as expected.
Moreover, our findings showed that lower TSH concentrations which are still considered as normal,
are also associated with increased lipid values. This might be important especially for patients who
have a high risk for atherosclerosis and cardiovascular diseases. Thus, treatment of patients with
above upper normal limit of TSH according to risk category might be helpful to reduce the
atherogenic process.
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INTRODUCTION

Subclinical hypothyroidism (SH) is
defined as an elevated thyroid
stimulating hormone (TSH) level with a
normal free throxine f(T,) level.! The
population prevalence of the SH is
around  %5-10.2 In addition to
progression to overt hypothyroidism,
different adverse effects such as
hypercholesterolemia, coronary artery
disease can be seen in patients with SH.3#
However the detailed mechanism about
the correlation between thyroid function
and serum lipid profiles remains unclear®,
linear positive correlation has been
reported between TSH and serum
cholesterol  concentrations that are
associated with an increase in morbidity
and mortality due to coronary heart
disease.®’ Atherogenic index of plasma
(AIP), non-HDL-C and the ratio of total
cholesterol to HDL-C (TC/HDL-C) are
calculated parameters that are defined as
useful tools in individuals who have
different cardiovascular risk factors.® But
there is lack of studies that evaluate the
change of these calculated parameters in
patients with SH.

Subclinical hypothyroidism has few or
no symptoms and thus diagnosis and
treatment is made by laboratory tests
such as TSH and f(T4). ® Therefore the
discrimination between a normal and an
elevated TSH concentration is important.
Although the diagnosis and treatment of
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SH primarily depend on the upper normal
TSH serum concentration, there are not
any well standardized clinical decision
and upper reference limits to be used in
the diagnosis and treatment of SH and
there is a variation in the reference
intervals between laboratories!®!2, Thus,
it is important that the clinical decision
limit or upper reference limit for TSH has
to be defined.

The purpose of this study was to
investigate the relationship between TSH
and serum lipid concentrations in
euthyroid individuals without known
thyroid disease and patients with SH. Our
hypothesis was that serum lipid
concentrations could be wused as
alternative indicators for the adjustment
of optimal TSH levels to be used during
diagnosis and treatment. We believe that
the work will furnish a baseline data in
the provision of treatment and diagnosis
of patients with SH and screening of
healthy individuals.

Study population

This study was undertaken in Ankara
Numune Training and Research Hospital
with the approval of the local ethics
committee. All procedures performed in
studies involving human participants
were in accordance with the ethical
standards of the institutional and/or
national research committee and with the
1964 Declaration Helsinki and its later
amendments or comparable ethical
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standards. A total of 213 patients with the
diagnosis of SH were included in the
study. Patients with diabetes mellitus,
liver disease, nephropathy taking drugs
for any condition, malignancy,
pregnancy and other chronic and
endocrine disease were excluded from
the study. The female/male ratio and
mean age were 3.35 and 48.1 + 14.7 years
respectively in the patient group. Control
group composed of 178 euthyroid
healthy persons without known thyroid
disease and other drug usage, infection
history (vira lor bacterial) that may affect
tyroid functions. In control group, the
female/male ratio and mean age were
2.39 and 47.5 + 15.5 yeras, respectively.
Exclusion criteria for the control group
were the same as patients. Overnight
fasting blood samples were collected
from all participants. Red top tube
(Becton Dickinson, UK) was used for the
analysis.

Study Design

To understand the effect of SH on serum
lipids, we compared serum lipid
concentrations between patients and
controls and then in order to demonstrate
the effect of TSH concentrations on
serum lipids, the correlation between
serum TSH and serum lipids were
examined in patients and control groups.
The clinical decision limit for TSH is
defined as 2,5 plU/mL by National
Acedemiy of Clinical Biochemistry. = In
order to understand the effect of this cut
off value on serum lipid concentrations,
control group was divided into two
groups ( Group 1 [n: 60 (%33.71)] and
Group 2 [n: 118 (%66.29)] ) according to
TSH concentrations (< 2.5ulU/mL and >
2.5ulU/mL ) and their serum lipid
concentrations were compared with each
other. Different cut off values such as >
6 ulU/mL or > 10 ulU/mL for TSH have
being used in patients with subclinic
hypothyroidism to start the treatment.141°
It is reported that patients with SH might
be treated due to dyslipidemia.’®* To
determine the changes of serum lipids in
different TSH wvalues, patients were
divided into three groups (group 1: 4-
6ulU/mL, group 2: 6.1-10 plU/mL and
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group 3 > 10 plU/mL) and their serum
lipids were compared with each other. To
determine the optimal TSH
concentrations in terms of serum lipids,
we gathered controls and patients in one
group (n: 391) and then the change of
LDL-C concentrations were examined in
different TSH concentrations.

METHOD
Laboratory analyses

Serum concentrations of TSH, f(T4) and
f(Ts) were analysed at the hormone
laboratory, Ankara Numune Education
and Research Hospital using Beckman
Coulter DXI1 800" Access Autoanalyser (
Fullerton, USA) HYPER sensitive
(hTSH) kit [functional sensitivity was
0.001- 0.002 pIU/mL and according to
concentration total analytical variation
ranged between 3.72 - 10.62%)], free T4
[according to  concentration total
analytical variation ranged between 5.05
— 9.20 %] and free T3 [according to
concentration total analytical variation
ranged between 5.3 - 10.4%]. The
laboratory reference range were 0.34-
4.25 pIU/mL for TSH, 2.5-3.9 pg/mL for
free T3 and 0.61 — 1.12ng/dL for f(T4).

Triglyceride (TG), total cholesterol (TC)
and HDL-C was determined on a
Beckman Coulter DXC 800 UniCel®
Autoanalyser (Fullerton, USA). The
day-to day coefficients of variation were
3.0 % for TC, HDL-C and TG. LDL-C
was calculated using Friedewald Formula
by subtracting the sum of HDL-C and the
TG concentration divided by 5 from the
total cholesterol level'’. In persons who
had a serum TG concentration of > 400
mg/dL; LDL-C concentrations were
determined by wusing  enzymatic
colorimetric method in Beckman Coulter
DXC 800 UniCel® Autoanalyser
(Fullerton, USA). The AIP was
calculated by log (TG/HDL-C). Non-
HDL-C was calculated subtracting the
sum of HDL-C from total cholesterol.®

Statistical analysis

Shapiro-Wilk test was used to determine
the distribution characteristics  of
variables. Mann-Whitney U, Kruskall-
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Wallis and student t tests were used to
compare differences of each variable
between groups. Results were expressed
as median (25" and 75" percentiles).
p<0.05 level was considered statistically
significant. Spearman method was used
to assess correlation between serum
lipids and TSH in control and patient
groups. ROC analysis was used to
determine the changes of serum TSH
concentrations in different cutoff values
for LDL-C. Analyses were performed
using SPSS 15.0 for Windows (SPSS,
Chicago, Illinois, USA).

RESULTS

Results are summarized in Table 1-4. In
patients, serum LDL-C [P < 0.001], non-
HDL-C [P < 0.001], total cholesterol [P
< 0.001] and TC/HDL-C values [P =
0.038] were significantly higher than
control groups (Table 1). In control
groups, statistically significant difference

113

were found between subgroups in terms
of serum LDL-C [P =0.017], non-HDL-
C [P = 0.002], TC [P = 0.003] and the
ratio of total cholesterol to HDL-C [P =
0.029] values (Table 2). In patient
subgroups,  statistically  significant
difference wasfound between groups in
terms of serum LDL-C, non- HDL-C, TC
and TC/HDL-C values (Table 3). Table
4. shows the changes of TSH values in
different cut off values for LDL-C.

A positive correlation was found between
TSH and LDL-C [controls: (P< 0,001, r
= 0,370)and patients: (P< 0,001, r=0,
482)], TC [controls: (P < 0,001, r=0,304)
and patients (P < 0,001, r = 0,427)],
TC/HDL-C [controls: (P < 0,001, r =
0,304) and patients: (P < 0,001, r =
0,432)], non-HDL-C [controls: (P <
0,001, r =0,348) and patients: (P < 0,001,
r = 0,455)] but we had not found any
correlation among TSH and TG, HDL-C
and AIP.

Table 1. The comparison of serum lipid concentrations between control and patient

groups

Control (n=178)

Patient (n=213) p

LDL-C (mg/dL)

HDL-C (mg/dL)
non-HDL-C (mg/dL)
Triglyceride (mg/dL)
Total cholesterol (mg/dL)

Total cholesterol/HDL-C

AIP 0.22(0.15-0.35)

109.00(85.00-130.25)
45.00(38.00-52.00)
130.50(103.75-155.00)
126.00(68.00-155.50)
177.50 (150.75-196.00)
4.09(3.28-5.20)

126.00(104.50-164.00) < 0.001
41.00(35.00-48.00) 0.524
155.00(128.00-203.50) < 0.001
134.00(92.50-189.00)  0.091
195.00(176.00-243.00) < 0.001
4.9(4.02-6.28) 0.038
0.24(0.19-0.40) 0.134

Results are expressed as median (25" and 75" percentiles) and p: indicates the significance between

control and patient groups.
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Table 2. The comparison

concentrations
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of serum lipids in controls who had different TSH

TSH < 2.5 pIU/mL

TSH > 2.5 pIU/mL

p

n(%o) 60(%33.71) 118(%66.29)

Mean age £SD 47.78 + 15.64 47.48 +15.50 0.673
LDL-C (mg/dL) 103.00 (83.00-130.00) 124.00(109.25-137.50) 0.017
HDL-C (mg/dL) 45.00(38.00-52.00) 42.50(38.50-47.75) 0.628
Non HDL-C (mg/dL) 127.50(101.75-154.25)  147.50(139.25-155.75) 0.002
Triglyceride (mg/dL) 114.50(68.75-149.25) 123.00(55.75-189.75)  0.461
Total cholesterol (mg/dL) 172.00(148.00-196.00)  193.50(184.50-196.00) 0.003
Total cholesterol/HDL-C 3.85(3.14-4.69) 4.42(4.06-5.22) 0.029
AIP 0.23(0.15-0.34) 0.21(0.15-0.36) 0.494

Results are expressed as median (25" and 75™ percentiles) and p: indicates the significance
between control and patient groups.

Table 3. The comparison of serum lipids in patients who had different TSH

concentrations

TSH=4.3 - TSH=6 - TSH > 10 p
5.97(uIU/mL) 9.46(nIU/mL) (WIU/mL)
n(%o) 122(57.28%) 59(27.70%) 32(15.02%)
Mean age + SD 48.81+15.06 46.52 + 14.80 48.40+14.93 778
LDL-C (mg/dL) 117.85 (95.00- 131.00(119.00- 155.50(148.50- <.001
138.00) 164.00) 190.25)
HDL-C (mg/dL) 41.15(35.00- 40.00(33.00- 42.00(35.00- .336
49.00) 44.00) 48.00)
Non-HDL-C 145.00(118.00- 159.00(141.00- 185.50(174.00- <.001
(mg/dL) 172.50) 201.70) 222.00)
Triglyceride 130.50(87.75- 140.00(96.00- 134.50(103.50- .620
(mg/dL) 181.25) 203.00) 204.00)
Total cholesterol 188.50(163.50- 198.00(180.00- 226.00(204.25- <.001
(mg/dL) 212.50) 241.00) 261.00)
Total 4.55(3.60-5.58) 5.21(4.38-6.32) 6.55(5.2-9.08) <.001
cholesterol/HDL-C
AIP 0.20(0.17-0.38) 0.24(0.19-0.35) 0.23(0.15-0.27) 483

Results are expressed as median (25 and 75" percentiles) and up: indicates the significance

between control and patient groups.
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Table 4. The changes of TSH values in different cutoff values for LDL-C

LDL-C (mg/dL) TSH (nIU/mL) Specifity (%) Sensitivity (%) LR (+)
LDL-C >100 > 2.4 uIU/mL 60.00 1.76
LDL-C >130 >4.56 plU/mL 65.99 1.96
LDL-C >160 >5.02 uIlU/mL 71.56 2.62
LDL-C>190 > 5.74 plu/Ml 79.55 4.01

LR (+): positive likelihood ratio, Results are expressed with the 95% confidence interval

DISCUSSION

It is generally accepted that subclinic
hypothyroidy (SH) associated with
dyslipidemia may cause Vvascular
endothelial ~ dysfunction and this
condition might accelerate the formation
of atherosclerosis.’® In our study, serum
LDL-C, TC, non-HDL-C and TC/HDL-
C concentrations were found higher in
patients than controls. However, we did
not find any differences between patients
and controls in terms of triglycerides and
HDL-C concentrations. Most studies
have shown increased concentrations of
total cholesterol and LDL-C related to
SH. 20 Qur findings support the
aformentioned studies. Case—control and
cross-sectional  studies have been
performed on the association between SH
and serum lipids.?-?* Results from these
studies are different. The discrepancy
between results may rely on the great
heterogeneity of the study population,
differences in cutoff value for TSH levels
used to define SH, selection criteria and
differences of the disease duration.

AIP is calculated by using HDL-C and
TG concentrations. 8 In the study, due to
we did not find any significant difference
between patient and controls in terms of
HDL-C and TG, it was thought that the
AIP is not areliable calculated marker for
the prediction of future coroner heart
disease in patients with SH. We also
found correlation between TSH and
LDL-C, non HDL-C, TC and the ratio of
TC/HDL-C in both patient nad control
groups. On the other hand we did not
find any correlation between TSH and
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TG and HDL-C concentrations in both
groups. Some researchers reported
different results related to the correlation
between serum TSH levels and TC, TG,
LDL-C and HDL-C."? In three
metanalysis, it was concluded that
thyroxine replacement treatment had no
effect  on TG and HDL-C
concentrations.?2®  Accordingly, we
concluded that thyroid hormone levels
had a significant impact on serum lipid
concentrations except for TG and HDL-
C. However, broad participation cohort
studies must be performed to obtain exact
conclusion.

We found statistically significant
difference in terms of LDL-C, non-HDL-
C, TC the TC/HDL-C between groups
who had different TSH levels in controls.
The association between LDL-C and
coronary heart disease is  well
established.?® ATP I11 uses LDL-C as the
primary target for cholesterol lowering
therapy and also LDL-C concentrations
that are below the 100 mg/mL is
described as a negative risk factor for
coronary heart disease. ¥ In our study, we
found that the persons who had TSH >
2.4 pIU/mL had 1.74 fold increased risk
to have a LDL-C concentration of > 100
mg/dL. We also found that serum LDL-
C, TC, non-HDL-C and TC/non HDL-C
were higher in euthyroid healthy subjects
with TSH > 2.5 plU/mL and the
difference  between  groups  was
statistically significant. The clinical
decision limit for TSH is defined as 2,5
ulU/mL by National Acedemiy of
Clinical Biochemistry.’®* We believe that
2.5 plU/mL is also used as the optimal
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TSH concentration to decrease the risk
factors associated with dyslipidemia in
patients with SH.

LDL-C concentration between 100-129
mg/dL is defined as near optimal and
above optimal in the National
Cholesterol Education Program Expert
Panel, respectively.® It was found that
the individuals with TSH > 4,56 had 2
fold risk to encounter of LDL-C
concentrations > 130 mg/dL. The 0.3 to
5.0 ulU/mL range is the reference
interval used by most laboratories® but a
lower upper limit of TSH was recently
suggested.®? In the study made by Jensen
et al. ¥ the upper normal limit of TSH
has been defined as 4.5 ulU/mL. We
believe that 4,56 uIU/mL might be used
as an upper normal value for TSH in
terms of serum LDL-C concentrations.
But a number of factors such as ethnic or
regional difference, physiological and
pathophysiological conditions have to be
studied in order to make a conclusion.

Although the current consensus is to treat
patients who have a TSH value >10
mU/L with levothyroxine, disagreement
continues regarding the treatment of
patients having a serum TSH level above
the upper limit of the normal range.® In
the study statistically significant
difference was found in terms of total
cholesterol, LDL-C, non-HDL-C, and
total cholesterol to HDL-C ratio among
patients who had different TSH values.
Optimal serum lipid concentration is
different according to risk category
defined in  National  Cholesterol
Education Program Expert Panel. These
findings might show that it has not been
possible to define an exact clinical
decision limit for TSH to start treatment
for decreasing the effect of dyslipidemia.
Accordingly, all subjects with TSH levels
above the upper reference range might be
treated with thyroxine according to risk
category defined in the NCEP expert
panel for serum lipids.

One of the limitation of the study was that
all study populations include same ethnic
group which could not be generalized to
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other ethnic groups. Also, we did not
adjust our data for body mass index and
conducted anthropometric  analysis.
Other limitations were the lack of data
about the patients' insulin resistance,
thyroid antibody status and cigarette
smoking status.

In  conclusion, we found postivie
correlation between TSH and atherogenic
lipids as expected. Additionally, our
findings showed lower TSH
concentrations which are still considered
as normal, were also associated with
increased lipid values in all study
population. This might be important
especially for patients who have a high
risk for atherosclerosis and
cardiovascular diseases. Thus, treatment
of patients with above upper normal limit
of TSH according to risk category might
be helpful to reduce the atherogenic
process. On the other hand,
epidemiological studies with large group
individuals are needed to optimize the
TSH values to start the treatment
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