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Hypercholesterolemia is a commonly ex-
perienced metabolic disorder and it causes arterio-
sclerosis.  Recently, new therapeutic reagents such as 
statins have been created and primary hypercholes-
terolemia is effectively treated with these reagents.  
However, statins are not low priced and may induce 
rare but serious side effects such as rhabdomyolysis.  
Hypothyroidism induces hypercholesterolemia that ac-
celerates arteriosclerosis, similarly that primary hyper-
cholesterolemia does.  Moreover, this secondary hy-
percholesterolemia is often resistant to the treatment 
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Abstract.  To evaluate the prevalence of dyslipidemia in the population of Hashimoto thyroiditis, we reviewed medical 
records on the consecutive 1181 cases with adult Hashimoto thyroiditis and 830 cases were adopted for the study.  First, the 
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significant positive correlations between serum TSH levels and lipid parameters such as total cholesterol (TC), triglyceride 
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thyroid function, the cases were classified into 4 groups such as thyrotoxicosis (TT), euthyroidism (EU), subclinical 
hypothyroidism (SH) and overt hypothyroidism (OH).  TC, HDL-C, non-HDL-C and LDL-C of TT were significantly lower 
than those in EU.  In contrast, TC, TG, non-HDL-C, LDL-C, L/H and age of OH were significantly higher than those in EU.  
Interestingly, LDL-C and L/H of SH were significantly higher compared with EU.  Thirty-two of SH patients were treated 
with small doses of levothyroxine and the effects on the lipid profile were examined.  The TC, non-HDL-C, LDL-C and L/H 
were significantly decreased after treatment.  In conclusion, the prevalence of dyslipidemia increases along with hypofunction 
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with statins.  In contrast, replacement of levothyroxine 
promptly improves cholesterol metabolism and, con-
sequently, prevents cardiovascular events.  

Subclinical hypothyroidism (SH) is defined as nor-
mal serum thyroxine (T4) level in the presence of high 
serum thyroid stimulating hormone (TSH).  The eti-
ology of SH is the same as that of overt hypothyroid-
ism (OH) [1] and SH is most often caused by chronic 
lymphocytic thyroiditis (Hashimoto thyroiditis) [2].  
Other factors that cause SH include thyroid injury (ra-
dioactive iodine treatment or external radiation thera-
py), drugs (iodine-containing compounds, lithium car-
bonate or interferon), thyroid infiltration (amyloidosis, 
sarcoidosis, hemochromatosis or lymphoma), a period 
of thyroiditis (subacute, postpartum or painless), a part 
of central hypothyroidism and TSH receptor gene mu-
tations, among others [3].  The effects of SH on lipid 
metabolism are controversial and the significance of 
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roiditis (http://www.thyroid.umin.ac.jp/).  The patients 
with familial hypercholesterolemia or the patients who 
were already having medical treatment for their dyslip-
idemia were excluded.  The patients who had compli-
cations or conditions that affect lipid metabolism such 
as malignant tumor, chronic hepatic disease, uncon-
trolled diabetes mellitus, nephrotic syndrome, or preg-
nancy were also excluded.  At the end, 830 cases (male 
97 and female 733) were adopted for the analysis.  In 
SH, the patients were counseled to abstain iodine-rich 
food such as kelp and reassessed their TSH after a 
few months.  Because thirty-two patients had still SH, 
they were treated with low doses (25-50 µg/day) of 
levothyroxine and re-evaluated their lipid profiles after 
3 months.  The final mean daily dose of levothyroxine 
was 36 + 17 µg. 

Laboratory evaluation
The levels of total cholesterol (TC), triglycer-

ide (TG) and HDL-cholesterol (HDL-C) were mea-
sured by enzyme assays.  The non-HDL-C levels were 
calculated as TC – HDL-C.  The LDL-cholesterol 
(LDL-C) levels were calculated by the Friedewald 
formula; TC – (HDL-C + TG/5) [11].  The patients 
whose TG was greater than 400 mg/dL, that might 
have limitation of the calculation of LDL-C, were ex-
cluded from the study.  Serum concentrations of TSH 
(normal, 0.27-4.20 mU/L) and free T4 (normal, 1.0-
1.8 ng/dL) were determined by electro-chemilumi-
nescence immunoassay (ECLIA, Roche Diagnostics, 
Tokyo, Japan).  According to the thyroid function, pa-
tients were classified into 4 groups such as thyrotoxi-
cosis (TT; suppressed TSH), euthyroidism (EU; nor-
mal FT4 and TSH), SH (normal FT4 and elevated 
TSH) and OH (low FT4 and elevated TSH).  The anti-
thyroglobulin (Tg) antibodies and anti-thyroid peroxi-
dase (TPO) antibodies were measured with commer-
cial radioimmuno assays (RIA) (TgAb and TPOAb, 
Cosmic Corp., Cardiff, UK).  

Statistical Analysis
Data are expressed as the mean + SD.  Independent 

Student’s t test was used to compare age, thyroid func-
tion and lipid profile between euthyroid controls and 
other groups.  Comparisons between the patients at 
the two time points were performed using paired t test 
for normally distributed data and Wilcoxon signed 
rank test for nonparametric distributions [6, 12, 13].  
Pearson’s correlation coefficients among age, thyroid 

T4 treatment for SH is not established [4], especially 
in Japanese population [5, 6] where the iodine intake 
is excess.  

 Hashimoto thyroiditis is an autoimmune disorder 
of the thyroid gland that is the most common cause of 
hypothyroidism.  It is originally described as struma 
lymphomatosa, which is featured as the formation of 
lymphoid follicles, marked changes in the thyroid ep-
ithelial cells, extensive formation of new connective 
tissue, and diffuse infiltration of round cells [7].  An 
anti-thyroglobulin antibody prevalence of 10% and an 
anti-thyroid peroxidase antibody prevalence of 11% 
in the general population are reported [8].  Here, to 
evaluate the relationship between thyroid function and 
dyslipidemia, we chose the population of Hashimoto 
thyroiditis because it is one of the most common thy-
roid diseases that frequently cause various thyroid 
dysfunctions.  Therefore, it is more efficient to study 
the patients with Hashimoto thyroiditis than to study 
the general population, to see the relationship between 
thyroid function and lipid profile.  Because lympho-
cytic infiltration of the thyroid gland is present in up 
to 40% of healthy women [3], the majority of SH may 
be based on Hashimoto thyroiditis.  Consequently, the 
results in this study may infer the prevalence of dys-
lipidemia due to thyroid dysfunction and the effects of 
thyroxine treatment on SH in the general population.  
Because hypercholesterolemia increases especially in 
postmenopausal women, correlations between age and 
thyroid function or lipid profile were also examined.  

Patients and Methods

Patients
After Local Ethical Committee approval for the 

study was obtained, we analyzed the relationship be-
tween the thyroid function and lipid profile by review-
ing the records of consecutive 1181 cases with adult 
Hashimoto thyroiditis, who visited the Endocrine and 
Thyroid Clinic of National Hospital Organization 
Kyoto Medical Center for the first medical examina-
tion from 1999 to 2008.  A diagnosis of Hashimoto thy-
roiditis was based on the Japan Thyroid Association’s 
guidelines for the diagnosis of Hashimoto thyroiditis 
(http://www.thyroid.umin.ac.jp/).  Graves’ disease was 
distinguished from painless thyroiditis using TBII and 
radioiodine thyroid scintigram [9, 10], if necessary, 
based on the Japan Thyroid Association’s guidelines 
for the diagnosis of Graves’ disease and painless thy-
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HDL-C decreased with aging.  Because TT and OH 
(see Patients and Methods about the classification) 
may greatly influence these parameters, we also ex-
amined these relationships within EU and SH, and the 
similar tendencies were observed.  Next, we examined 
relationships between thyroid function and lipid pa-
rameters.  There were significant positive correlations 
between serum TSH values and all of these lipid pa-
rameters (Table 2).  In contrast, there were significant 
negative correlations between serum free T4 values 
and all of the lipid parameters.  

Thyroid status and lipid profile
According to the thyroid function, patients were 

classified into 4 groups such as TT, EU, SH and OH 
(Table 3).  SH was defined as normal serum free T4 
level with high serum TSH (>4.20 mU/L).  In the first 
place, the mean age of OH was significantly higher 
than that of EU.  The TC, HDL-C, non-HDL-C, and 
LDL-C of TT were significantly lower than those of 
EU.  In contrast, TC, TG, non-HDL-C, LDL-C, and L/
H of OH were significantly higher than those of EU.  
Interestingly, LDL-C and L/H of SH were significant-
ly higher compared with EU.  

Effects of T4 treatment on lipid profile of SH
Thirty-two of SH patients were treated with small 

doses of levothyroxine and the effects on the lipid pro-
file were examined (Table 4).  The TC, non-HDL-C, 
LDL-C and L/H significantly decreased after treatment.  

function and lipid profile were determined by using 
regression analyses.  

Results

Relationship between thyroid function and lipid 
parameters

The baseline profile is summarized in Table 1.  The 
mean age of 830 cases was 52 years old (range 18-89).  
First, the relationships of age with thyroid function 
and lipid profile were examined.  The correlation coef-
ficients between the age and thyroid function or lipid 
profile are also shown in Table 1.  The serum TSH lev-
el increased and serum free T4 level decreased, slight-
ly but significantly, with increasing age.  The lipid pa-
rameters such as TC, TG, non-HDL-C, LDL-C and 
the LDL-C to HDL-C ratio (L/H) increased, whereas 

Table 1. Correlation between the age and the thyroid function or the lipid profile

Total (n=830) Correlation (r)a EU+SH (n=505) Correlation (r)a 

Age (yr) 52.1 ± 16.4 51.2 ± 16.6

TSH (mU/L) 18.4 ± 55.9 0.15d 2.67 ± 2.77 0.09b

Free T4 (ng/dL) 1.20 ± 0.80 -0.16d 1.18 ± 0.19 -0.10b

TC (mg/dL) 202.8 ± 49.4 0.22d 199.2 ± 38.2 0.32d

TG (mg/dL) 109.3 ± 60.1 0.25d 102.7 ± 53.5 0.28d

HDL-C (mg/dL) 68.0 ± 18.4 -0.10c 69.6 ± 17.0 -0.08

Non-HDL (mg/dL) 135.4 ± 45.6 0.29d 130.1 ± 36.5 0.38d

LDL-C (mg/dL) 113.3 ± 39.8 0.25d 109.6 ± 31.7 0.35d

LDL-C/HDL-C 1.79 ± 0.79 0.28d 1.69 ± 0.72 0.29d

Values are expressed as the mean + SD. 
aPearson correlation coefficient vs. age. 
Correlations were determined using log transformed values for TSH and free T4.
bP<0.05, cP<0.01, dP<0.0001.

Table 2. Correlations between the thyroid function and the 
lipid profile

Correlation (r)a TSH Free T4

TC 0.43d -0.53d

TG 0.14c -0.21d

HDL-C 0.13b -0.13c

Non-HDL 0.41d -0.51d

LDL-C 0.41d -0.49d

LDL-C/HDL-C 0.26d -0.32d

aPearson correlation coefficient. Correlations were determined 
using log transformed values for TSH and free T4.
bP<0.01, cP<0.001, dP<0.0001.
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the prevalence of SH in Hashimoto thyroiditis in EU 
and SH in this study becomes 16.6%.  

The results that TC, TG, HDL-C and LDL-C were 
negatively correlated with free T4 levels, obtained in 
our study.  TC, HDL-C, non-HDL-C and LDL-C lev-
els were lower in TT than those in EU, and TC, TG, 
non-HDL-C and LDL-C levels were higher in OH 
than those in EU.  Alternatively, the TG level in TT 
and the HDL-C level in OH were not different from 
EU.  Although only LDL-C was significantly higher 
in SH, the mean levels of TC, TG and non-HDL-C in 
SH were also relatively higher than those in EU.  In 
contrast, the mean level of HDL-C in SH was rela-
tively lower than that in EU.  Interestingly, although 
the grouping of SH from EU was done based on the 
TSH levels, the mean free T4 values in SH were sig-
nificantly lower than those in EU (Table 3).  Several 
reports have been made about the association between 
TSH and serum cholesterol levels.  Higher serum cho-
lesterol levels are found in subjects with high-nor-
mal TSH levels [15].  There was a significant positive 
correlation between serum TSH and serum TC and 
LDL-C levels in men and women [16].  The serum 
non-HDL-C and the L/H ratio have been used as bet-
ter predictors of cardiovascular disease [17-20].  Ito et 
al. [6] first demonstrated decrease of the serum non-
HDL-C in SH by T4 treatment.  The L/H ratio was 
significantly high in SH [21] and T4 treatment de-

Discussion

The prevalence of SH in the general population 
was estimated as 4.3% [8] and that in the thyroid anti-
bodies positive population was 19% in the U.S. [14].  
The prevalence of SH in Hashimoto thyroiditis in this 
study was 9.5%.  Because the subjects with TT or OH 
may have visited our hospital with some complaints, 
it might be better to exclude TT and OH, in order to 
compare the percentage in this study with that in the 
thyroid antibodies positive general population.  Then, 

Table 3. The lipid profiles in patient groups classified with the thyroid function
Thyrotoxicosis 

(n=100)
Euthyroidism 

(n=426)
Subclinical Hypothyroidism

(n=79)
Overt Hypothyroidism

(n=225)
Age (yr) 48.5 + 16.4 50.7 + 16.6 53.5 + 16.4 55.6 + 15.3c

TSH (mU/L) 0.04 + 0.07c 1.8 + 1.0 7.5 + 4.1c 62.5 + 94.8c

Free T4 (ng/dL) 2.62 + 1.48c 1.19 + 0.19 1.11 + 0.14c 0.62 + 0.29c

TC (mg/dL) 163.4 + 33.0c 198.4 + 37.2 203.9 + 44.0 228.7 + 62.4c

TG (mg/dL) 100.3 + 56.1 102.4 + 54.2 104.1 + 50.2 127.9 + 71.1c

HDL-C (mg/dL) 59.4 + 14.7c 70.1 + 16.5 66.8 + 18.7 68.4 + 21.7

Non-HDL (mg/dL) 105.3 + 30.4c 128.7 + 35.3 137.7 + 42.2 161.3 + 56.4c

LDL-C (mg/dL) 85.6 + 27.5c 108.3 + 30.6 116.8 + 36.8a 134.7 + 49.5c

LDL-C/HDL-C 1.52 + 0.61 1.64 + 0.64 1.91 + 0.93b 2.13 + 0.93c

Thyrotoxicosis, Euthyroidism, Subclinical hypothyroidism and Overt hypothyroidism were determined with 
suppressed TSH, normal FT4 and TSH, normal FT4 and elevated TSH, and low FT4 and elevated TSH, respectively. 
Values are expressed as the mean + SD.
aP<0.05, bP<0.01, cP<0.0001 vs. euthyroidism.

Table 4. The thyroid functions and lipid profiles in patients with 
SH before and after levothyroxine replacement therapy

L-T4 replacement (n=32)

Before After

TSH (mU/L) 8.4 ± 5.8 3.4 + 1.9c

Free T4 (ng/dL) 1.08 ± 0.15 1.32 + 0.23c

TC (mg/dL) 205 ± 32 195 + 27a

TG (mg/dL) 106 ± 54 125 + 74

HDL-C (mg/dL) 66 ± 19 65 + 16

Non-HDL (mg/dL) 140 ± 30 131 + 31a

LDL-C (mg/dL) 118 ± 27 106 + 26b

LDL-C/HDL-C 1.98 ± 0.79 1.76 + 0.64a

Values are expressed as the mean ± SD. 
aP<0.05, bP<0.01, cP<0.0001 vs. before treatment, respectively.
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cantly decreased after treatment in the SH patients, in-
dicating that our results not only support the positive 
effects of replacement therapy for SH on dyslipidemia 
but also provide the effects on additional cardiovascu-
lar markers such as non-HDL-C and L/H ratio.  

There are some possible limitations in the pres-
ent study.  Because the subjects visited our hospi-
tal with some complaints, the prevalence of dyslipi-
demia in Hashimoto thyroiditis may have some bias.  
Indeed, the prevalence of OH in Hashimoto thyroidi-
tis in this study was 27% and it was much higher than 
that in the general population [8].  With the same rea-
son, the prevalence of OH may have exceeded that of 
SH in this study.  It might be more suitable to investi-
gate its prevalence on the occasion of a nation-based 
health examination.  It is necessary, however, to ex-
amine enormous number of subjects in such a popu-
lation.  The design of replacement therapy was not 
prospective placebo-controlled and sample size was 
relatively small.  Properly controlled prospective stud-
ies with a larger sample size are necessary to demon-
strate whether replacement therapy alters several car-
diovascular markers in patients of SH with Hashimoto 
thyroiditis. 

In conclusion, the prevalence of dyslipidemia in-
creases along with the decrease of thyroid function in 
Hashimoto thyroiditis.  The compensation of SH can 
improve lipid profile, not only LDL-C but also non-
HDL-C and L/H, as indicators for atherosclerosis and 
cardiovascular risk. 

creased the ratio in one study [22] but not in another 
[23].  However, because T4 treatment unchanged se-
rum levels of HDL-C in SH in most studies, decreas-
es in the L/H ratio can be simply explained by the de-
crease in serum levels of LDL-C. 

The serum concentrations of free T4 and TSH seem 
to change little with increasing age [24], but the prev-
alence of SH seems to increase with aging [14, 25].  
In our study with Hashimoto thyroiditis, there was a 
significant positive correlation between the age and 
serum TSH level, and a negative correlation between 
the age and serum free T4 level.  The correlations 
were retained within EU and SH as well.  The age-
related increases of TC, TG, non-HDL-C and LDL-C 
may result from age-related decrease of thyroid func-
tion because thyroid function decreased with aging.  
In contrast, HDL-C decreased with aging and this is 
an opposite direction of age-related decrease of thy-
roid function because there was a negative correlation 
between HDL-C and thyroid function.  To be empha-
sized is that there was no significant difference in the 
mean age between SH and EU.  

There are several studies about the replacement 
therapy of SH.  Among them, 8 studies were done with 
double-blind placebo controlled, recently.  There were 
no changes in TC levels in earlier two studies [26, 27].  
In other two studies, TC, LDL-C and HDL-C were un-
changed [28, 29].  In contrast, TC and LDL-C but not 
HDL-C improved in the remaining four studies [12, 
13, 23, 30].  In our study with Hashimoto thyroiditis, 
TC, non-HDL-C, LDL-C and L/H ratio were signifi-
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