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Objective. To compare the levels of serum cholesterol with thyroid function as estimated by the
level of thyrotropin and free thyroxine with possible participation of thyroperoxidase antibodies in
large number of adults examined within large field surveys focused on the evaluation of thyroid
status of Slovak rural population.

Subjects and Methods. Serum level of cholesterol and thyrotropin (TSH) was estimated in a total
0f2786 adults. In addition, in 2038 of them also the level of free thyroxine (FT4), total triiodothyro-
nine (TT3), cholesterol, triglycerides and phospholipids was measured. The levels of TSH, anti-
TPO and FT4 were estimated by supersensitive electrochemiluminiscent immunoassay using the
automatic system Elecsys (Roche, Switzerland).

Results. A total of 2786 adults was stratified into 7 groups according to the range of TSH level as
related to generally recognized level of thyroid function, e.g. 1. TSH <0.10 mU/L (overt hyperthy-
roidism, N=41),2. TSH 0.11-0.30 mU/L (overt or subclinical hyperthyroidism, N=149), 3. TSH 0.31-
2.50 mU/L (normal level, N=1750), 4. TSH 2.51-4.50 ("high normal” level, N=607), 5 TSH 4.51-6.50
(mild or incipient subclinical hypothyroidism, N=137), 6. TSH 6.51-10.00 mU/L (mild hypothyroid-
ism, N=50), 7. TSH 10.01-99.00 mU/L (severe hypothyroidism, N=53). The average levels of choles-
terol in all groups were very similar ranging from 5.53 to 6.17 mmol/L and no interrelations with TSH
level were found. In addition, no considerable differences between these groups were found when
considering the levels of medians, upper quartiles and 90th percentiles of individual groups. When
male and female subjects were divided into age groups according to the decades, an age dependent
increase of cholesterol level was found in both sexes.

The fraction of 2038 subjects was divided into the same TSH related groups as defined above.
Similarly as above, no considerable differences in cholesterol, triglycerides and phospholipids level
were observed. However, the levels of FT4 and TT3 were significantly decreasing with the increase
of TSH level which confirmed the continuing decrease of thyroid function. The frequency of posi-
tive anti-TPO in subjects with TSH >6.5 mU/I (71/86 = 82.5 %) was significantly higher than that in
subjects with TSH <6.5 mU/1 (468/1952 =23.9 %).

Conclusions. No difference in the level of cholesterol and triglycerides was found in large groups
of rural adults from Slovakia with various thyroid function as estimated by the level of TSH, FT4,
TT3 and anti-TPO. It is assumed that this interrelation resulted from very high cholesterol intake
due to inappropriate general nutritional status of rural population resulting from the consumption of
unhealthy foods.

Key words: Thyroid function — TSH — Thyroid hormones — Autoantibodies — Serum lipids



176

THYROID FUNCTION AND CHOLESTEROL

Table 1
Interrelations between the level of TSH and cholesterol in serum of 2787 subjects

TSH level Number Serum cholesterol level (mmol/l)
(mU7) of subjects Mean+ SD Range Median Upper quartile 10th decile
<0,10 41 6.10 +1.25 2.82 -8.61 591 7.30 7.51
0,11-0,30 149 6.04 +1.18 3.39-9.30 5.98 6.75 7.72
0,31 -2,50 1750 5.60 = 1.09 2.45-10.23 5.52 6.25 6.91
2,51 -4,50 607 5.53+0.99 3.23-9.18 5.47 6.11 6.85
4,51 -6,50 137 5.51+1.06 3.58-9.10 5.41 6.21 6.93
6,51 -10,00 50 5.85+1.26 3.23-9.88 5.84 6.17 7.93
10,01 — 99,00 53 6.17+1.22 3.89-9.61 5.83 7.06 7.93
TOTAL 2787

It is generally well known and repeatedly published
that patients with subclinical hypothyroidism as diag-
nosed by high thyrotropin (TSH) level show increased
level of cholesterol and some other serum lipids
(O’Brien et al. 1993; DE BruiN et al. 1993; WISEMAN
etal. 1993; ENGLER and RIESEN 1993; Kung et al. 1995;
Y amamorto et al. 1995; Pazos et al. 1995; PETERSON
and KieLLsTROM 2001; DunTas et al. 2002; KANAYA et
al. 2002) which is beleived to result from impaired
metabolism due to a decreased thyroid function. Vice
versa, several authors showed a significant reduc-
tion of such lipid levels after restoration of euthyroid
state with thyroxine substitution treatment. Some
authors also suggested that, in overt hypothyroidism,
a greatly elevated serum cholesterol is almost a part
of clinical diagnosis (KinLaw 1991) or, perhaps more
precisely, that high serum cholesterol level in sub-
jects with “high normal” TSH levels should extend
the definition of subclinical hypothyroidism (MicHA-
LopouLoU et al. 1998). However, some controversy
exists in this respect, since some reports showed that
the high lipid levels are most likely to be restored in
patients with the highest pretreatment levels of TSH
(ErstatHiaDOU et al. 2001; GLUECK and STREICHER
2003). STEWMETZ et al (2002) established that proba-
bility of beneficial thyroid hormone effect on serum
lipids increased 5.4 fold in patients with pretreatment
TSH level of >6.0 mU/l and 7.0 fold with that level
>64 mUY/I. Also Caraccio etal. (2002) concluded that
total and LDL-cholesterol decreased in their patients
with pretreatment TSH level of 3.7-15.0 mU/I.

In our previous report (LANGER et al. 1997) we
found very high levels of cholesterol (e.g. 110/278 or

39.5 % of cases in a range of 6.6-9.5 mmol/l and 25/
278 or 8.9 % cases in a range of 8.1-9.5 % mmol/l)
and triglycerides (e.g. 85/278 or 30.6 % of cases in a
range of 2.6-6.7 mmol/l and 20/278 or 7.2 % values
in a range of 3.6-6.7 mmol/l) in Slovak rural popula-
tion. It was surprising to us that there was no any
correlation between those levels and thyrotropin lev-
el. Thus, the aim of this study was to compare the
levels of serum cholesterol with the thyroid function
as estimated by the level of thyrotropin and free thy-
roxine with possible participation of thyroperoxidase
antibodies in large number of adults examined within
large field surveys focused on the evaluation of thy-
roid status of Slovak rural population.

Subjects and Methods

Subjects. Within three field surveys conducted
during last few years serum cholesterol, thyrotropin
(TSH) and thyroperoxidase antibody (anti-TPO) se-
rum level was estimated in a total of 2786 adults. In
addition, in 2038 of them (which were examined with-
in the last survey) also the level of free thyroxine
(FT4), total triiodothyronine (TT3) and phospholipids
(PL) was measured. Details on age and sex distributri-
on of the examined population are shown in Table 2.

Laboratory methods. Blood samples were ob-
tained from cubital vein after overnight fasting.

After centrifugation of blood in refrigerated cen-
trifuge, the plasma aliquots were transported to the
laboratory in a portable freezer and kept at 20 °C
until assayed. The levels of cholesterol, triglycerides
and phospholipids were estimated with the aid of com-
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Table 2
Cholesterol levels in serum of 1075 males as related to age decades

Age Males Serum cholesterol level (mmol/l)
(number) Mean= SD Range Median Upper quartile 10th decile
21-30 203 4.72 +0.89 2.54-7.95 4.67 5.31 6.03
31-40 124 5.46 +1.05 3.19-8.81 5.26 6.11 6.92
41-50 338 5.71+1.04 2.91-10.22 5.61 6.31 6.95
51-60 327 5.64 +£0.99 3.23-10.01 5.55 6.21 6.87
61-70 62 5.83+1.13 3.39-9.04 5.78 6.47 7.23
71-80 21 5.81 £1.28 2.82-8.77 5.67 6.46 7.58
TOTAL 1075

mercial enzymatic metods. The levels of TSH, anti-
TPO and FT4 were estimated by supersensitive elec-
trochemiluminiscent assay using the automatic assay
system Elecsys (Roche, Switzerland).

Statistical evaluation. Standard statistical meth-
ods were used such as ANOVA followed by multiple
range Tukey test and Yates chi-square test.

Results

Since the level of TSH is generally considered the
first step marker of thyroid function, all subjects were
retrospectively divided into 7 groups according to their
level of TSH (Table 1). The first group consisted of
41 subjects with TSH <0.10 mU/L which should be
very likely considered as suffering from overt hyper-
thyroidism. Similarly, the second group of 13 subjects
with TSH level of 0.11-0.30 mU/L should be consid-
ered at least as subclinically hyperthyroid (KouTtras
1999; Tort 2001). The most abundant group of 1233
subjects with TSH level was apparently euthyroid.
This view is based namely on the data obtained by
NHANES I study (HoLLowELL et al. 2002) in which
about 95 % subjects a total of 13,344 examined
showed the mean level of TSH of of about 1.50 mU/
L (range about from 0.5 to 2.5 mU/L). Next group of
607 subjects has been defined according to the TSH
level in the range of 2.51 —4.50 mU/L which is also
called ”high normal level” (MicHaLoPouLoOU et al. 1998;
StauB 1998). Considering a current general opinion
that subjects with TSH level higher than about 4.00
or 4.50 mU/L should be considered as hypothyroid
(Caraccio et al. 2002), the subjects with such levels

were divided into three groups, e.g. 4.51-6.50 mU/1
(subclinical hypothyroidism), 6.51-10.00 mU/I (mild
overt hypothyroidism) and 10.01-99.00 mU/I (severe
hypothyroidism).

Table 1 shows that, although there was some fluc-
tuation of the average values, no considerable differ-
ences in cholesterol level could be observed between
the individual groups, especially between that of hy-
perthyroid (e.g. 6.10 + 1.25 mmol/l) and severely hy-
pothyroid subjects (e.g. 6.02 + 1.25 mmol/l). Similar-
ly, no considerable differences appeared in the val-
ues of medians, upper quartiles and 90th percentile.
From this it was concluded that no considerable in-
terrelations between the thyroid function and choles-
terol level could be found.

When the same subjects were divided into males
(Table 2) and females (Table 3) and subsequently
each sex group stratified according to the age irre-
spectively of TSH level, a continuous increase of cho-
lesterol level (P<0.01) was found especially in fe-
males after 50th year of age. This was supported
also by high levels of medians, upper quartiles and
90th percentiles in the appropriate age groups. In
contrast, the lowest cholesterol levels were found in
both sexes aged 21-30 years, while the groups be-
tween 31 and 60 years did not show any remarkable
differences. Since the average levels of TSH showed
irregular fluctuation according the frequency of ex-
tremely high values in some age groups, the values
of upper quartiles are shown in Tables 2 and 3 which
support the view that no remarkable differences in
the thyroid function could be detected in 75 percent
of subjects as related to age.
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Table 3
Cholesterol levels in serum of 1712 females as related to age decades

Age Females Serum cholesterol level (mmol/l)
(number) Mean + SD Range Median Upper quartile 10th decile
21-30 218 4.81 +0.89 2.45-17.71 4.74 5.41 6.01
31-40 173 5.34+0.90 2.68 -8.08 5.28 5.88 6.51
41-50 690 5.72+0.98 2.90-13.53 5.65 6.33 6.98
51-60 460 6.07 = 1.04 3.43-9.88 6.05 6.75 7.40
61-70 131 6.33 £1.07 3.70-9.10 6.12 7.10 7.81
71-80 40 6.49 +1.31 3.52-9.20 6.59 7.30 8.10
TOTAL 1712

In general, Table 4 supported the data concerning
the cholesterol levels as shown in Table 1. In addi-
tion, it showed similar small fluctuations of average
values of triglycerides and phospholipids in the groups
with different thyroid function. However, the levels
of FT4 showed a regular decrease (P<0.01) from
24.54 £ 6.05 pmol/l in hyperthyroid group to 11.14 =
3.64 pmol/l in hypothyroid group which strongly sup-
ported the views on different thyroid function in TSH
related groups as defined above. This was further
supported by a parallel decrease (P<0.01) of TT3
levels from 2.48 +0.93 nmol/l in hyperthyroid to 1.72
+0 .48 nmol/l in hypothyroid group.

Discussion

In this study no considerable differences in the level
of cholesterol and triglycerides were found between
large groups of hyperthyroid, euthyroid and hypothy-
roid subjects. Although the average and median lev-
els were either in normal range or only slightly ele-
vated, the values of upper quartile and 10th decile
and also these of upper range limit were definitely
highly elevated in all groups. Such finding certainly is
not surprising for hypothyroid groups as supported
by several observations (see above the Introduction),
but it would be hardly expected for hyperthyroid group
with very low TSH level and high levels of FT4 and
TT3. Such high FT4 level apparently represents also
the increased level of total thyroxine and may be com-
pared to that occurring during the thyroxine substitu-
tion treatment of hypothyroidism. However, it has
been repeatedly shown that such treatment results in

a decrease of cholesterol level namely in patients with
highly increased TSH level (Duntas 2002; KaNaya et
al. 2002), but also in those with “high normal” level
(MicHarLopouLou et al. 1998), while in hyperthyroid
groups examined in this study high cholesterol and
triglyceride levels were a common finding.

Thus, the question appears where the high levels of
cholesterol in hyperthzroid subjects come from. It was
repeatedly demonstrated that in hypothyroid subjects
the lipid metabolism is severely impaired which results,
among others, in increased plasma level of lipoprotein
(a), apolipoprotein B, LDL lipoprotein and others which
tend to decrease after thyroxine replacement therapy
(Pazos etal. 1995; Kung et al. 1995; Tanis et al. 1996;
StauB 1998; Caraccio et al. 2002)

Since very high cholesterol levels were found in
a number of hyporthyroid subjects examined in this
study and since traditionally very high consumption
of animal fat (lard, butter, cream, high fat milk and
milk products), high fat red meat (mainly pork), eggs
etc. by the rural population in this country. is well
known and repeatedly reported, it is hypothesized that
this might be the cause of the observed paradoxical
findings as described above. Similar circumstances
apparently exist in rural population of surrounding
countries (Poland, Czech Republic, Hungary etc.) as
recently supported by the description of dietary hab-
its in a previous German Democratic Republic (East-
ern Germany) and their changes after German re-
unification and their relations to dietary lipids result-
ing mainly in decreased consumption of butter (from
26.8 to 10.2 %) which resulted in an increased con-
sumption of mono- (from 7.3 to 22.1 %) and polyun-
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Table 4
Interrelations between the level of TSH and levels of lipid fractions, thyroid hormones and frequency of positive
anti-thyroperoxidase levels

TSH Number Cholesterol Triglycerides  Phospholipids Free T4 Total T3 anti-TPO
of Subjects >35,0 U/ml
mU/1 mmol/l mmol/l gl pmol/l nmol/l cases (%)
<0,10 17 5.88+1.04 2.51+1.60 2.50 +0.45 24.54 + 6.05 2.48 £0.93 6(33.3 %)
0,11-0,30 13 5.64+1.11 2.05+1.08 2.54 +0.49 20.49 +£5.51 2.15+045 5(38.5%)
0,31-2,50 1233 5.41+0.97 1.73£1.15 2.37+0.43 16.85+2.64 1.98+0.38 249 (20.2 %)
2,51 -4,50 564 5.48 £0.98 1.95+1.75 2.38+0.44 16.13 £2.30 1.94+0.33 160 (28.3 %)
4,51-6,50 125 5.41+0.97 1.99 = 1.34 2.41+£0.38 16.03 £2.75 1.94 £ 0.36 48 (38.5 %)
6,51-10,00 44 5.81+1.34 2.46 +£0.51 2.46 +0.50 14.10 +£2.39 1.96 + 0.36 31 (70.4 %)
10,01 — 99,00 42 6.20 +1.29 2.67 +0.48 2.65+0.48 11.14 +3.64 1.72 £ 0.46 40 (95.2 %)
TOTAL 2038
saturated fatty acids from 19.5 to 39.5 % of total Acknowledgements

intake of fatty acids (WAHRBURG et al. 1995). From
this it may be also suggested that close interrelations
between thyroid function and lipid levels exist per-
haps mainly in developed industrialized countries in
which most of inappropriate dietetic factors may be
excluded (at least in middle and upper class). The
same may be true even for the countries (e.g Japan)
with traditionaly low intake of those unhealthy foods.
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