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Abstract
Background: Dyslipidemia covers the broad spectrum of lipid abnormalities. Subclinical
hypothyroidism (SCH) is a clinical status of mildly elevated serum thyroid‑stimulating
hormone (TSH) levels with normal levels of free T4 and free T3. Aims: The aim of this
study was to examine the impact of SCH in patients with dyslipidemia in Gaza City,
Palestine. We also aimed to investigate the associations between TSH and lipid profiles.
Settings and Design: In a case–control study, a total of eighty individuals are involved
in the study, of them forty were patients with dyslipidemia and forty were healthy
individuals who represented the control group. Patients were examined and diagnosed
by a physician in the dyslipidemic clinic, Palestinian Medical Relief Society in Gaza Strip.
Materials and Methods: Blood sample collected in plain tubes for the preparation
of serum. The serum TSH, total cholesterol (TC), high‑density lipoprotein (HDL),
and triglycerides levels were measured using standardized assays. A prepiloted
questionnaire was used to collect the demographic data and information about family
history of dyslipidemia and remove fat from meat. Statistical Analysis Used: Data
analyses were performed using the Statistical Package for the Social Sciences (SPSS)
software (version 17). Continuous data were expressed as a mean ± standard deviation,
whereas categorical data as number (%). Odd ratios were calculated using Win
Episcope to find the association between selected variables and dyslipidemia associated
with SCH. P <0.05 was considered statistically significant. Results: Patients with
dyslipidemia manifested significant higher TSH compared to controls (P = 0.049),
whereas triiodothyronine and tetraiodothyronine levels were not showed significant
differences between cases and controls. Moreover, TSH level was positively correlated
with TC (r = 0.445, P = 0.000) and low‑density lipoprotein‑cholesterol (r = 0.415,
P = 0.000) but negatively to HDL‑cholesterol (r = −0.422 and P = 0.000). Logistic
regression analysis showed that female, smoking, and positive history of dyslipidemia
were risk factors for SCH in study participants. Conclusions: Findings from the present
study reflect the association of dyslipidemia and SCH. The patients in case group showed
significant lipids’ alteration and higher TSH when compared to controls. Moreover, this
study reported a strong relationship between dyslipidemia and clinical hypothyroidism.
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INTRODUCTION
Dyslipidemia covers the broad spectrum of lipid
abnormalities.[1] Dyslipidemia includes high blood levels of
total cholesterol (TC), low‑density lipoprotein‑cholesterol
(LDL‑C), triglycerides (TG), and low levels of high‑density
lipoprotein‑cholesterol (HDL‑C).[2,3]
The main hormones of thyroid gland are triiodothyronine
(T3) and tetraiodothyronine (T4, thyroxine) which regulate
the growth rate and function of many other systems in the
body.[4] With specific regard to lipid metabolism, thyroid
hormones play an important role in synthesis, mobilization,
and metabolism of lipids, but degradation is affected more
than synthesis.[5,6]
The term subclinical denotes the presence of a disease
without obvious symptoms, which means that evolution
of the disease might be at an early stage.[7] Subclinical
hypothyroidism (SCH) is a clinical status of mildly
elevated serum thyroid‑stimulating hormone (TSH) levels
(up to 10 mU/L) with normal levels of free T4 (FT4) and
free T3 (FT3) and is far more common and asymptomatic
disorder than overt hypothyroidism.[8] The prevalence of
SCH in the general population ranges from 1% to 10%
and reaches 16% in elderly women.[9]
This is the first study conducted to assess  the impact of
SCH on dyslipidemic patients in Gaza City, Palestine. Our
aim was to evaluate the effect of SCH on dyslipidemic
patients. Furthermore, we interested to investigate the
associations between TSH and lipid profiles. The outcomes
of this study may provide evidence and recommendations
on current information about dyslipidemia and SCH which
may contribute to improve the health status of patients.

MATERIALS AND METHODS
Study design and subjects

This case–control study was conducted in Biochemistry
Laboratory, Department of Medical Laboratory Sciences,
Al‑Aqsa University, Gaza, Palestine. Forty dyslipidemic
patients (aged 40–60 years) recruited as cases. They were
examined and diagnosed by a physician in the dyslipidemic
clinic, Palestinian Medical Relief Society in Gaza Strip. In
addition, another forty age‑matched healthy participants
invited and included in the control group.
Blood sampling

For each participant, 5 ml of blood was collected by
venipuncture in a plain vacutainer for serum preparation
to determine lipid profile (TC, TG, and HDL‑C) and TSH.
The collected blood samples were allowed to clot at room
temperature, and serum was separated by centrifugation at
14

3000 RPM for 10 min and stored at −20°C until analysis.
A questionnaire was used to collect the demographic data
about participants.
Determination of lipids profile and definition of dyslipidemia

Serum TC and TG were measured by Trinder reaction,
whereas HDL‑C was determined by polyanion precipitation
method. The commercial kits for lipid profile measurement
were purchased from DiaSys Diagnostic Systems, Holzhein,
Germany. Serum LDL‑C was calculated by the Friedewald
formula LDL‑C = TC − HDL‑C − TG/5 (mg/dL),
whenever TG >400 mg/dL.
Dyslipidemia was defined as per the National Cholesterol
Education Prog ram Adult Treatment Panel III
guidelines: TC ≥200 mg/dL; LDL‑C ≥100 mg/dL;
TG level ≥150 mg/dL; and HDL‑C ≤40 mg/dL.[10]
Determination of thyroid‑stimulating hormone

Serum TSH was measured using Ultrasensitive‑TSH
ELISA using DRG® TSH ELISA (EIA‑4171) kit purchased
from DRG International, Inc., USA.
The assay system utilizes a unique monoclonal antibody
directed against a distinct antigenic determinant on the
intact TSH molecule. Mouse monoclonal anti‑TSH
antibody was used for solid phase (microtiter wells)
immobilization, and goat anti‑TSH antibody was used in
the antibody‑enzyme (horseradish peroxidase) conjugate
solution. A solution of tetramethylbenzidine was added
and incubated for 20 min, resulting in the development
of a blue color. The color development was stopped with
the addition of 1N HCl, and the resulting yellow color
was measured spectrophotometrically at 450 nm. The
concentration of TSH was directly proportional to the
color intensity of the test sample.
Diagnosis of subclinical hypothyroidism and exclusion
criteria

All dyslipidemic patients and healthy participants were
investigated by a physician at Palestinian Medical Relief
Society in Gaza.

SCH was diagnosed when serum TSH level >4.7 mIU/L
in the presence of normal free thyroid hormone levels
(FT4 and FT3).
Patients with overt hypothyroidism or hyperthyroidism,
chronic diseases, on hormonal therapy, or pregnant women
were excluded from the study.
Ethical consideration

A request letter to execute the study was sent to
Palestinian Medical Relief Society administration from
Al‑Aqsa‑University. The study was carried out according
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to principles of Helsinki Declaration. Participation was
voluntary, and participants were given a full explanation
about the goals of the study. Confidentiality of all
participants was maintained as no names were requested.
Statistical analysis

Data analyses were performed using the Statistical Package
for the Social Sciences (SPSS) software (version 17) (SPSS
Inc. Chicago, IL, USA). Continuous data were expressed
as mean ± standard deviation whereas categorical data
as number (%). Comparison of variables between cases
and controls was performed with an unpaired t‑test for
continuous data and Chi‑square for categorical data.
Pearson correlation coefficients were calculated for TC,
TG, LDL‑C, and HDL‑C with TSH.
Odd ratios were calculated using  Win Episcope (version 2.0,
Epidecon, Gobierno De Aragon) to find the association
between selected variables (gender, smoking, family history,
and remove fat from meat) and dyslipidemia associated
with SCH in study participants. P < 0.05 was considered
statistically significant.

RESULTS
Demographic and clinical data of participants

This case–control study was conducted on forty
dyslipidemic patients with a mean age 53 years and another
forty age‑matched healthy controls with a mean age of
49 years (P = 0.078). The cases characterized by significantly
higher body mass index values compared to controls
(28.4 ± 2.6 vs. 24.8 ± 1.8 kg/m2, P = 0.000). In addition,
dyslipidemic patients had significant increased systolic
blood pressure values in comparison to healthy controls
(136.5 ± 23.3 mmHg vs. 121.6 ± 6.6 mmHg, P = 0.000).
However, no significant difference in diastolic values was
recorded between two groups (P = 0.348).
The patients in case group showed significant lipids alteration
when compared to controls. Moreover, dyslipidemic patients
manifested significant higher TSH compared to controls
(P = 0.049), whereas T3 and T4 levels were not showed
significant differences between cases and controls [Table 1].
Relationship between thyroid‑stimulating hormone and lipid
profile in patients

We performed Pearson correlation analysis between serum
concentrations of TSH and lipids profile parameters. Data
showed that TSH level has a positive significant correlation
with TC (r = 0.445, P = 0.000) and LDL‑C (r = 0.415,
P = 0.000) but negatively correlated to HDL‑C (r = −0.422
and P = 0.000). There is no correlation between TSH and
TG [Figure 1a‑d].
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Table 1: Demographic and clinical
characteristics of dyslipidemic patients and
matched healthy controls: Data represented as
mean±standard deviation
Variable
Age
Weight (kg)
Height (cm)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
TC (mg/dL)
TG (mg/dL)
HDL‑C (mg/dL)
LDL‑C (mg/dL)
TSH (mIU/L)

Mean±SD
Control (n=40)

Cases (n=40)

49.7±9.2
70.4±8.6
168.2±8.2
24.8±1.8
121.6±6.6
79.3±4.7
173.6±14.5
125.6±26.3
52.5±2.2
96.2±15.4
2.7±1.6

53.1±7.8
84.9±12.2
172.8±9.2
28.4±2.6
136.5±23.3
81.8±15.7
231.3±22.9
229.9±98.4
45.9±2.5
143.5±29.6
3.9±3.4

P
0.078
0.000*
0.018*
0.000*
0.000*
0.348
0.000*
0.000*
0.000*
0.000*
0.049*

*P<0.05, aP value compared patients in case group to control group. BMI: Body
mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, TC: Total
cholesterol, TG: Triglyceride, HDL‑C: High‑density lipoprotein cholesterol,
LDL‑C: Low‑density lipoprotein cholesterol, TSH: Thyroid‑stimulating hormone,
SD: Standard deviation

Factors associated with dyslipidemia and subclinical
hypothyroidism

Logistic regression analysis [Table 2] showed that female,
smoking, and positive history of dyslipidemia were risk
factors for SCH in study participants.

DISCUSSION
Thyroid hormones regulate cholesterol and lipoprotein
metabolism, whereas thyroid disorders, including overt
and SCH, considerably alter lipid profile and promote
cardiovascular disease.[4] Although it is estimated that
1%–11% of all patients with dyslipidemia have SCH, the
effects of SCH on serum lipid values are less clear and
inconsistent.[11]
The present study reported that dyslipidemic patients showed
significant higher TSH compared to controls (P = 0.049),
whereas T3 and T4 levels were not significantly differ
between cases and controls. Our finding confirmed previous
studies that reported patients with SCH had significantly
lipids alteration pattern.[5,12,13] Moreover, a community‑based
study reported a significant association between SCH and
increased serum TC and LDL‑C concentrations. Serum TC
and LDL‑C were significantly increased in patients with
SCH compared with euthyroid patient.[14]
The causative mechanisms of the thyroid hormones effects
on lipid metabolism consist of an indirect effect through
increased expression of Sterol Regulatory Element‑Binding
Protein‑2 (SREBP‑2) and a direct effect of T3 on the
promoter of the LDL receptor gene.[4]
15
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Figure 1: Thyroid‑stimulating hormone (mIU/L) versus serum levels of lipids profile (mg/dL) in dyslipidemic patients and healthy controls (a) the
relationship between thyroid‑stimulating hormone and total cholesterol (r = 0.445 *, P = 0.000); *correlation is significant at the 0.01 level (two
tailed); (b) the relationship between thyroid‑stimulating hormone and triglycerides (r = 0.180, P = 0.131); correlation is not significant; (c) the
relationship between thyroid‑stimulating hormone and high‑density lipoprotein‑C (r = −0.422*, P = 0.000); *correlation is significant at the 0.01
level (two tailed); (d) the relationship between thyroid‑stimulating hormone and low‑density lipoprotein‑cholesterol (r = 0.415*, P = 0.000);
*correlation is significant at the 0.01 level (two tailed)

Table 2: Logistic regression model for factors associated with dyslipidemia and subclinical
hypothyroidism in study participants (n=80)
Variable

Univariate

Gender

Male (reference category)
Female
No (reference category)
Yes
No (reference category)
Yes
No (reference category)
Yes

Smoking
Family history
Remove fat from meat

OR

95% CI

1
3.222
1
6.378
1
4.846
1
0.044

1.268-8.188
2.280-17.840
1.430-16.420
0.009-0.209

*Considered subclinical hypothyroidism if TSH level is more than 4.7 mIU/L consider as abnormal. OR: Odd ratio, CI: Confidence interval, TSH: Thyroid‑stimulating hormone

SREBP‑2 is a member of transcription factors
family that regulates glucose metabolism, fatty
acid synthesis, and cholesterol metabolism. [15] The
SREBP‑2 gene is regulated by thyroid hormone.
It has been reported that the increased SREBP‑2
nuclear protein levels in hypothyroid animals result
in thyroid hormone‑independent activation of LDL
receptor gene expression and reversal of the associated
hypercholesterolemia.[16] That mean the levels of cellular
cholesterol regulate LDL receptor expression through
negative feedback inhibition by the SREBP‑2 gene.[17]
Moreover, the decreased LDL receptor and increased
16

serum cholesterol associated with hypothyroidism are
secondary to the thyroid hormone effects on SREBP‑2.
These results suggest that agents that directly increase
SREBP‑2 expression can reverse hypercholesterolemia
associated with hypothyroidism.[18]
In addition, thyroid hormone to varying degrees increases
the activity of the enzymes involved in the metabolism
of lipoproteins and reverse cholesterol transport such as
hepatic lipase, lipoprotein lipase, cholesteryl ester transfer
protein, and lecithin cholesterol acyltransferase.[4] These
explanations supported our findings that TSH was strongly
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associated with higher TC and LDL‑C concentrations
in dyslipidemic patients as shown in Figure 1. Such
association between hypothyroidism and increased
LDL‑C, total serum cholesterol and decrease in HDL‑C
may enhance the risk for development of atherosclerosis
and coronary artery disease although there is no clear
evidence to date that hypothyroidism causes clinical heart
disease.[4,19] Even mild elevations of TSH are associated
with changes in lipid profile significant enough to raise
the cardiovascular risk.
The logistic regression analysis from the present study
indicated a role of some risk factors (gender, smoking,
and family history of dyslipidemia) in developing of
dyslipidemia and hypothyroidism. Dyslipidemic females are
3 times more at risk to develop hypothyroidism compared
to males. In support of this finding, Rizos et al.[20] reported
that SCH has a higher prevalence among women and
older populations.[9] Smokers are 6 times at risk to develop
hypothyroidism and dyslipidemia. Smoking and insulin
resistance may modify the effects of SCH on serum lipid
values.[11]

CONCLUSIONS
The findings from the present study reflect the association
of dyslipidemia and SCH. The routine screening of thyroid
profile in dyslipidemic patients will aid in the early diagnosis
of thyroid dysfunction and hence the disease management
at an early stage.
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