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Abstract
Background and Aim: Alteration in lipid profile is a common observation in patients with thyroid
dysfunction, but the current knowledge on the relationship between lipids and thyroid hormone
levels in euthyroid state is insufficient. The current study aimed to determine the association
between thyroid hormones and thyroid-stimulating hormone (TSH) with lipid profile in a euthyroid male population.
Methods: A total of 708 Chinese and Malay men aged 20 years and above were recruited in this
cross-sectional study. Their blood was collected for the determination of total cholesterol (TC),
low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), triglyceride (TG), free thyroxine (FT4), free triiodothyronine (FT3) and TSH levels. The association
was analyzed using multiple regression and logistic regression models with adjustment for age,
ethnicity, body mass index and FT4/FT3/TSH levels.
Results: In multiple regression models, TSH was positively and significantly associated with TG
(p<0.05). Free T4 was positively and significantly associated with TC, LDL-C and HDL-C (p<0.05).
Free T3 was negatively and significantly associated with HDL-C (p<0.05). In binary logistic models,
an increase in TSH was significantly associated with higher prevalence of elevated TG in the
subjects (p<0.05), while an increase in FT4 was significantly associated with higher prevalence of
elevated TC but a lower prevalence of subnormal HDL in the subjects (p<0.05). Free T3 was not
associated with any lipid variables in the logistic regression (p>0.05).
Conclusions: In euthyroid Malaysian men, there are positive and significant relationships between
TSH level and TG level, and between FT4 level and cholesterol levels.
Key words: Cholesterol; Men; Thyroid hormones; Thyroid-stimulating hormone; Triglycerides.

Introduction
Thyroid hormones are recognized as catabolic
hormones and they regulate various processes of
metabolism (1). The relationship between thyroid

hormones and lipid metabolism is clearly displayed in
patients suffering from thyroid dysfunctions. Overt
hypothyroid patients show elevated cholesterol and
http://www.medsci.org
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triglyceride (TG) levels while overt hyperthyroid patients show reduced lipid levels (2). These observations have been shown to extend into the subclinical
hypo/hyperthyroid range (2), suggesting that apart
from thyroid hormones, thyroid-stimulating hormone
(TSH) exerts independent effects on lipid metabolism.
Recent advancement in molecular biology has enlightened us on the potential mechanisms of thyroid
hormones and TSH in regulating lipid metabolism.
Thyroid hormones have been shown to induce the
expressions of 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoA) reductase (responsible for cholesterol synthesis) (3), low density lipoprotein receptor (LDLR) via sterol regulatory element-binding
protein-2 (SREBP-2) (responsible the uptake of cholesterol) (4), lipoprotein lipase (responsible for catabolizing TG-rich lipoprotein) (5), cholesteryl ester
transfer protein (responsible for high density lipoprotein (HDL) metabolism) (6) and apolipoprotein
AV (which reduces the production of hepatic very low
density
lipoprotein
(VLDL)-TG)
(7).
Thyroid-stimulating hormone has also been shown to
induce adipogenesis (8), lipolysis (9) and increase the
activity of HMG-CoA (10).
The relationship between thyroid hormones and
lipid profile in the euthyroid population has garnered
much interest recently, partly because hypothyroidism and hyperthyroidism are less common conditions
in the general population (11). Studies have revealed
that free thyroxine (FT4), free triiothyronine (FT3) and
TSH are significantly associated with lipid profile in
the euthyroid population regardless of gender (12,
13). However, in most of the studies, FT4, FT3 and
TSH have not been measured together (14-16). Hence,
it is not possible to exclude the effects of interaction
between FT4, FT3 and TSH on their association with
lipid profile. The effects of TSH on lipid profile have
been assumed to be mediated by its effects on thyroid
hormones previously. However, there is growing
amount of evidence indicating that this association is
partially contributed by the direct effect of TSH on
lipid profile (17, 18). Additionally, a positive relationship between FT4 and lipid profile among the
euthyroid population has been reported (15). This is a
deviation from the traditional view that the direction
of association between thyroid hormones and lipid
profile is negative, as observed in the hypothyroid
patients (2). This discrepancy should be examined to
decide whether it is an isolated finding or it could be
found in other populations.
The present study was conducted as part of the
Malaysian Aging Male Study (19, 20). One of the objectives of the study was to evaluate the lipid profile
of the subjects with respect to their thyroid status. We
hope that the information from this study will lead to
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a better understanding of the relationship between
thyroid hormones and TSH with lipid profile.

Materials and Methods
All subjects participated voluntarily in this
cross-sectional study. They were Chinese and Malay
men aged 20 years or above residing in Klang Valley
(Kuala Lumpur and its surrounding area), Malaysia.
The recruitment was conducted from September 2009
to September 2011, via advertisements in major
newspapers, radio broadcasts, public announcements
in community centers and religious places, and flyers.
The inclusion and exclusion criteria were detailed in
the advertisement and only subjects who fulfilled
these criteria were recruited. Subjects with previous
history of thyroid diseases, such as overt hyper/hypothyroidism, thyroid cancer and thyroid
nodules were excluded. Subjects taking medications
affecting thyroid hormone levels such as thyroid
supplementation and antithyroid agents, and hypolipidemic agents like statins were also excluded. The
study protocol was reviewed and approved by the
Research and Ethics Committee of Universiti Kebangsaan Malaysia Medical Center. Written consent
was obtained from all participating subjects after they
were briefed thoroughly information pertaining to
this study.
History taking and basic physical examination
on the subjects were performed by qualified physicians. Their previous medical records, if available,
were also examined by the physicians. The physical
examination included assessment of cardiovascular
and respiratory functions, and examination of the
abdomen. Furthermore, we also inspected subject for
signs and symptoms of overt hypo/hyperthyroidism.
Since the exclusion criteria advertised had mentioned
explicitly that only healthy subjects were recruited,
this examination was aimed to detect any abnormality
that was not noticed by the subjects themselves. The
subjects answered a questionnaire on their demographic details. Their age was determined by records
on their identification cards. Their ethnicity was
self-declared. The height of the subjects without shoes
was measured using a portable stadiometer (SECA,
Hamburg, Germany) and was recorded to the nearest
0.1 cm. The weight of the subjects with light clothing
but without shoes was determined using a weight
scale (TANITA, Tokyo, Japan) and was recorded to
the nearest 0.1 kg. The body mass index (BMI) of the
subjects was calculated as per the convention:
𝑘𝑔

BMI�𝑚2� =

𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 (𝑘𝑔)
(ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑏𝑗𝑒𝑐𝑡)2 (𝑚2 )

.

The blood of the subjects was collected after an
overnight fast of at least eight hours. The time for
blood collection was between 0830 and 1030 on the
http://www.medsci.org
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same day of the screening session. The serum was
extracted immediately and stored at -70◦C until analyzed. An ADVIA 2400 analyzer (Siemens Healthcare
Diagnostics, Illinois, USA) was used to measure the
levels of total cholesterol (TC), triglycerides (TG) and
HDL-C based on an enzymatic method. The level of
LDL-C was calculated using Friedewald’s formula
(21). The levels of FT3, FT4 and TSH were determined
using an ADVIA Centaur analyzer (Siemens
Healthcare Diagnostics, Illinois, USA) based on an
immunochemiluminescent method. The interassay
coefficient of variation for the assays were 0.48-0.86%
for TC, 0.53-1.02% for TG, 0.56-0.79% for HDL-C,
5.34-11.50% for FT4, 1.46-2.57% for FT3, 0.37-3.37% for
TSH.

Data analysis
The comparison of the basic characteristics between Chinese and Malay subjects was performed
using an independent t-test. The association between
TSH, FT3 and FT4 with lipid profile of the subjects
was determined using a multiple regression analysis.
Multivariate outliers were determined using standardized residuals of the models generated. Data with
a standardized residual value of more than 3 or less
than -3 were eliminated. The normality of the standardized residual was determined using the Kolmogorov-Smirnov test. The data for lipid profile were
logarithm-transformed to ensure the standardized
residual generated was normally distributed. The
strength of the association assessed by the multiple
regression analysis was indicated by the standardized
regression coefficient value (β). Next, the subjects
were divided according to their lipid status as having
high TC (≥ 5.2 mmol/l), high TG (≥ 1.68 mmol/l),
high LDL-C (≥ 2.6 mmol/l), high TC/HDL-C ratio (≥
5.0), low HDL-C (≤ 1.03 mmol/l) or normal. These
cut-off points were determined based on the Third

Report of the National Cholesterol Education Program (NCEP) – Expert Panel on Detection, Evaluation
and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III; ATP III) (22). A logistic
regression was performed to determine the association between TSH, FT3 and FT4 with the presence of
an abnormal lipid status in the subjects. The strength
of the association assessed by the logistic regression
was indicated by the odds ratio (OR) with 95 % confidence interval (CI). The statistical significance was
set at p < 0.05. The statistical analysis was performed
using the Statistical Package for Social Sciences version 16.0 (SPSS Inc., Chicago, USA).

Results
The study originally recruited 840 male subjects.
Complete demographic, anthropometric and biochemical (thyroid hormones, TSH and lipid profile)
data were available for 774 subjects. Of these, 19 subjects were excluded from the analysis due to subclinical hyperthyroidism. Thus, 755 subjects with normal
thyroid function (euthyroid with normal TSH level)
and no abnormality on physical examination were
included in the data screening. After eliminating
univariate and multivariate outliers, data from 708
subjects were included in the final analysis. The subjects consisted of 55.5% Chinese and 44.5% Malay
men. The two ethnic groups were similar in age, TSH,
FT4, TC and TG and LDL-C levels (p>0.05), but were
significantly different in other variables studied
(p<0.05). The Chinese men were significantly taller,
lower in body weight and BMI, and had higher FT3
and HDL-C and lower TC/HDL-C ratio compared to
the Malay men (p<0.05) (Table 1). Ethnicity was adjusted for the following analyses in view of these differences. The distribution of the lipid variables was
detailed in Figure 1 and Table 2.

Table 1. Characteristics of subjects.
Variable
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
TSH (mIU/l)
FT4 (pmol/l)
FT3 (pmol/l)
TC (mmol/l)
TG (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
TC/HDL ratio

Malay (n=315)
46.93 (16.06)
165.7 (6.4)
71.13 (13.58)
25.86 (4.50)
1.51 (0.73)
16.00 (2.06)
5.06 (0.53)
5.59 (1.00)
1.50 (0.68)
1.21 (0.25)
3.68 (0.89)
4.76 (1.13)

Chinese (n=393)
48.31 (12.99)
168.3 (6.2)
68.39 (11.27)
24.12 (3.53)
1.48 (0.68)
15.82 (1.85)
5.15 (0.47)
5.46 (0.93)
1.43 (0.71)
1.29 (0.27)
3.50 (0.82)
4.35 (0.94)

Total (n=708)
47.69 (14.44)
167.17 (6.41)
69.61 (12.42)
24.89 (4.08)
1.49 (0.700)
15.90 (1.95)
5.11 (0.50)
5.51 (0.96)
1.46 (0.70)
1.26 (0.26)
3.58 (0.86)
4.54 (1.05)

p†
0.218
0.004
<0.001
<0.001
0.534
0.232
0.017
0.075
0.217
<0.001
0.005
<0.001

All values are expressed in mean (standard deviation).
†Comparison is made between the Chinese and the Malay subjects. P values less than 0.05 indicates significant difference between the two ethnicities.
Abbreviation: BMI=body mass index; FT3=free triiodothyronine; FT4=free thyroxine; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; TC=total cholesterol; TG=triglyceride; TSH=thyroid-stimulating hormone.
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Table 2. Distribution of lipid variables in the study population.
Variable

TC (mmol/l)
TG (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
TC/HDL ratio

Value
Mean

SD

Median

IQR

Cut-off

5.51
1.46
1.26
3.58
4.54

0.96
0.70
0.26
0.86
1.05

5.40
1.32
1.21
3.53
4.50

1.28
0.94
0.36
1.12
1.60

≥ 5.20
≥ 1.68
≤ 1.03
≥ 2.60
≥ 5.00

Number of subject (n)
Below
Above
cut-off
cut-off
262
446
487
221
572
136
83
625
467
241

Total
708
708
708
708
708

Abbreviation: HDL-C=high density lipoprotein cholesterol; IQR=interquartile range; LDL-C=low density lipoprotein cholesterol; SD=standard deviation; TC=total cholesterol; TG=triglyceride.

Figure 1. Distribution of the lipid variables in the study population.

When analyzed as continuous data, TSH
showed consistently positive and significant association with TG level after multiple adjustments for age,
ethnicity, BMI, FT3 and FT4 (p<0.05). Thyroid-stimulating hormone was significantly and positively associated with TC in the unadjusted model
(p<0.05), but the significance was lost after adjustment
for the confounding variables (p>0.05). The other lipid
variables were not significantly associated with TSH
(p>0.05) (Table 3). Free T4 was positively and significantly associated with TC and HDL-C levels after
multiple adjustments (p<0.05). The positive association between FT4 and LDL-C was only significant
after age was adjusted (p<0.05) and the significance
persisted after further adjustments. Free T4 was not
significantly associated with TG and TC/HDL-C ratio
(p>0.05) (Table 4). Free T3 was negatively and significantly associated with HDL-C level after TSH and
FT4 were adjusted (p<0.05). Free T3 was also negatively and significantly associated with TC in unadjusted model (p<0.05), but the significance was lost
after multiple adjustments (p>0.05). The other lipid
variables were not significantly associated with FT3
(p>0.05) (Table 5).
In the logistic regression models, a higher level
of TSH was significantly associated with higher prevalence of high TG in the subjects [OR=1.268

(CI=1.004-1.602), p<0.05]. An increase in FT4 level was
significantly and positively associated with the presence of high total cholesterol level in the subjects
[OR=1.149 (CI=1.052-1.255), p<0.05]. Meanwhile, a
lower FT4 level was significantly associated with the
presence of a subnormal HDL level in the subjects
[OR=0.836 (CI=0.749-0.934), p<0.05]. Free T3 was not
significantly associated with any variable in the logistic models (Table 6). All models tested were adjusted for age, ethnicity, BMI and other thyroid hormones.

Discussion
Dyslipidemia has been shown to be a common
feature of thyroid dysfunction (1). Patients with overt
hypothyroidism exhibit significantly higher TC,
LDL-C and TG compared to normal controls (23, 24).
The increase in lipid levels can be reversed by thyroid
hormone supplementation (25). In subjects with subclinical hypothyroidism, significant increase in the
levels of TC, LDL-C, TC/HDL ratio compared to euthyroid subjects has been also observed (26). On the
other hand, hyperthyroid patients exhibit lower level
of TC, HDL-C and LDL-C (27). However, the relationship between TSH and thyroid hormones with
lipid profile within the euthyroid range is less studied.
http://www.medsci.org

Int. J. Med. Sci. 2014, Vol. 11

353

Table 3. Multiple regression results for the relationship between TSH with variables studied.

logTC
logTG
logHDL-C
logLDL-C
logTC/HDL

Model 1
β
0.076
0.111
-0.020
0.047
0.072

p
0.043
0.003
0.596
0.216
0.056

Model 2
β
0.036
0.079
-0.026
0.013
0.047

Model 3
β
0.033
0.069
-0.014
0.010
0.035

p
0.331
0.032
0.484
0.718
0.201

p
0.369
0.049
0.690
0.778
0.310

Model 4
β
0.043
0.073
-0.007
0.020
0.036

p
0.231
0.039
0.844
0.594
0.289

Model 1 includes TSH level only. Model 2 includes predictor in model 1, age and ethnicity. Model 3 includes predictors in model 2 and BMI. Model 4 includes predictors in
model 3, FT3 and FT4.
Abbreviation: FT3=free triiodothyronine; FT4=free thyroxine; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; TC=total cholesterol;
TG=triglyceride; TSH=thyroid-stimulating hormone.

Table 4. Multiple regression results for the relationship between FT4 with variables studied.

logTC
logTG
logHDL-C
logLDL-C
logTC/HDL

Model 1
β
0.081
-0.028
0.126
0.069
-0.049

p
0.031
0.452
0.001
0.068
0.192

Model 2
β
0.138
0.013
0.152
0.111
-0.029

p
<0.001
0.725
<0.001
0.003
0.435

Model 3
β
0.145
0.035
0.127
0.118
-0.003

p
<0.001
0.321
<0.001
0.002
0.925

Model 4
β
0.162
0.039
0.152
0.126
-0.012

p
<0.001
0.293
<0.001
0.001
0.741

Model 1 includes FT4 level only. Model 2 includes predictor in model 1, age and ethnicity. Model 3 includes predictors in model 2 and BMI. Model 4 includes predictors in
model 3, FT3 and TSH.
Abbreviation: FT3=free triiodothyronine; FT4=free thyroxine; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; TC=total cholesterol;
TG=triglyceride; TSH=thyroid-stimulating hormone.

Table 5. Multiple regression results for the relationship between FT3 with variables studied.

logTC
logTG
logHDL-C
logLDL-C
logTC/HDL

Model 1
β
-0.087
-0.038
-0.069
-0.056
-0.003

p
0.021
-0.311
0.067
0.136
0.928

Model 2
β
0.003
0.039
-0.07
0.021
0.064

p
0.927
0.309
0.075
0.59
0.096

Model 3
β
-0.003
0.015
-0.042
0.014
0.036

p
0.943
0.675
0.246
0.712
0.316

Model 4
β
-0.049
0.009
-0.089
-0.022
0.041

p
0.218
0.819
0.019
0.578
0.261

Model 1 includes FT3 level only. Model 2 includes predictor in model 1, age and ethnicity. Model 3 includes predictors in model 2 and BMI. Model 4 includes predictors in
model 3, FT4 and TSH.
Abbreviation: FT3=free triiodothyronine; FT4=free thyroxine; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; TC=total cholesterol;
TG=triglyceride; TSH=thyroid-stimulating hormone.

Table 6. Logistic regression results for the relationship between thyroid hormones and TSH with lipid profile of the subjects
High TC
High TG
High LDL-C
Low HDL-C
High TC/HDL Ratio

TSH
1.041 (0.828-1.309)
1.268 (1.004-1.602)
0.760 (0.551-1.048)
1.170 (0.890-1.539)
1.184 (0.938-1.494)

FT4
1.149 (1.052-1.255)
1.036 (0.946-1.133)
1.109 (0.969-1.269)
0.836 (0.749-0.934)
0.970 (0.887-1.061)

FT3
0.849 (0.597-1.209)
1.120 (0.776-1.616)
1.054 (0.618-1.797)
1.094 (0.707-1.693)
1.142 (0.795-1.641)

The number in bold indicates significance (p<0.05). The data is expressed as odds ratio (95% confidence interval). The analysis was adjusted for age, BMI and among FT3, FT4
and TSH.
Abbreviation: FT3=free triiodothyronine; FT4=free thyroxine; HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; TC=total cholesterol;
TG=triglyceride; TSH=thyroid-stimulating hormone.

In the current study, it was found that FT4 was
significantly and independently associated with TC,
HDL-C and LDL-C of the subjects, while TSH was
significantly and independently associated with TG.
An increase in FT4 was associated with an increase in
cholesterol level, while an increase in TSH was asso-

ciated with an increase in TG level. Free T3 was significantly and negatively associated with HDL-C but
not with LDL-C. While the association between FT3
and TSH on lipid profile seemed to extend from the
hyper/hypothyroid states into the euthyroid range,
the findings on the positive association of FT4 on
http://www.medsci.org
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cholesterol levels was unexpected. A study by Kim et
al. (15) on the Chinese population also yielded similar
results, in which FT4 was found to be significantly
and positively correlated with TC, LDL-C and
HDL-C. Their study also revealed a significant association between FT4 and TG but this relationship was
restricted to the younger population (< 50 years).
Other studies observed a negative relationship
between FT4 and lipid profile. A study by Garduño-Garcia et al. (13) in a Hispanic population found
that FT4 level was significantly and negatively associated with TC and LDL-C, and positively with
HDL-C. They also discovered a significant and positive relationship between TSH with TG. However,
after adjustment for BMI, the associations between
FT4 and cholesterol levels diminished in their study
but this was not the case in the current study. They
also found an independent and significant positive
relationship between TSH and TC, which was not
found in this study. In another study by Roos et al.
(12) on the Dutch population, significant negative
associations between FT4 with TC, LDL-C and TG,
and a significant positive association between FT4
with HDL-C were found. Thyroid-stimulating hormone was also found to be significantly and positively associated with TG.
The direction of relationship between FT4 and
lipid profile was different between the Western (reported by Roos et al. and Garduño-Garcia et al) and
the Asian (reported by Kim et al. and this study)
populations. There were noticeable differences in
ethnicity and body fat between the two populations
reported. However, the influence of these factors on
relationship between FT4 and body fat was not well
understood, and was beyond the scope of the present
study.
The significant and independent relationship
between TSH and TG, as shown in the current study
was further supported by the observations of Wang et
al. (28), in which TSH and TG was significantly associated in a Chinese euthyroid population. Similar to
this study, they also found that TSH was not associated with HDL-C and LDL-C. In the Metabolic Syndrome Berlin Potsdam Study, Ruhla et al. (18) also
discovered a significant relationship between TSH
and TG after adjustment for BMI, while the relationship between TSH and cholesterol levels was generally not significant. In the Nord-Trøndelag Health
Study, Åsvold et al. (14) observed that TSH was significantly associated with TG, TC, HDL-C and LDL-C
in men and women. After adjustment for BMI, only
the association with TG remained significant.
It was previously suggested that the association
between TSH and TG was mediated through its regulatory effects on thyroid hormones. However, the
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relationship between TSH with TG remained significant although the effects of FT3 and FT4 levels were
controlled in the current study. This showed that TSH
was directly or independently associated with TG
levels. This view was supported by the study of Wang
et al., (17) in which they also discovered a significant
relationship between TSH and TG after adjustment
for total T3, total T4, FT3 and FT4 levels.
Nevertheless, there are few studies reporting
results different from the current study. Study by Ho
et al. (29) indicated that FT4 was significantly associated with TG but not with LDL-C and TC. They also
found that the association between TSH with lipid
profile was not significant in their population. However, it should be noted that their study population
consisted solely of euthyroid Korean females, while
our study population was entirely males. In other
study by Lin et al. (16), FT4 was significantly associated with TG but not HDL-C in a population of Chinese attending a health screening center. These observations were not found in the current study. Free
T3 and TSH level were not taken into consideration in
the study by Lin et al.
The current study had several limitations. The
subjects volunteered for this study and the sampling
was not randomized. The generalization of the results
of this study should be done with caution. However,
the composition of the study population roughly resembled the male composition in Kuala Lumpur,
which has an equal percentage of Chinese and Malays
(30). The Indians and other minorities were not recruited in this study due to logistic difficulties. The
causal relationship could not be inferred from this
study because it was cross-sectional in nature. A longitudinal study would be more suitable for that purpose. The strength of the relationships between FT4
with cholesterol levels and between TSH with TG was
significant but small. No significant relationship was
found between TSH and thyroid hormones with
TC/HDL ratio. Thus, the clinical significance of the
findings remained debatable. The strength of this
study was that all three TSH, FT4 and FT3 levels were
measured and their relationships with lipid profile
were evaluated together. This also allowed adjustments to be made for the interaction between these
hormones so that the independent associations could
be observed. Although studies on Mainland and
Taiwanese Chinese are available, these associations
have not been evaluated in the Malaysian population
with a unique mixed Chinese and Malay composition.

Conclusion
In summary, there is a significant and positive
relationship between FT4 and cholesterol levels, and a
significant and positive relationship between TSH and
http://www.medsci.org
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TG levels in euthyroid men in Malaysia. These relationships are independent of age, ethnicity, BMI and
interaction between TSH and thyroid hormones. Individual variation in thyroid status within the euthyroid range can, to a limited extent, explain the
variation in the lipid profile of the general population.
A longitudinal study is needed to assess the effects of
the variation in TSH and thyroid hormone levels
within the euthyroid range in the development of
dyslipidemia in men.
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