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We investigated the effects of thyroid dysfunction on cholesteryl ester transfer protein (CETP) by studying plasma CETP

activity in hypothyroid infants before and after they were rendered euthyroid by L-thyroxine (LT4) replacement therapy. To

exclude environmental factors possibly affecting plasma CETP activity, we selected hypothyroid infants to study plasma CETP

activity. Plasma CETP activity was measured as the rate of radiolabeled cholesteryl ester transfer from high-density lipoprotein

(HDL) to serum apolipoprotein B (apo B)–containing lipoproteins in plasma from 14 hypothyroid infants before and 2 months

after LT4 replacement, 23 normal infants, and 61 normal adults. Relationships between CETP and thyroid hormones were

examined separately in the 14 hypothyroid infants and 32 euthyroid infants, including the 14 above-described hypothyroid

infants and an additional 18 treated hypothyroid infants. Serum levels of thyrotropin (TSH), free thyroxine (FT4), and free

triiodothyronine (FT3) were also determined on an autoanalyzer system in our hospital. In contrast to previous reports, we

found no differences in plasma CETP activity between hypothyroid infants and age-matched normal infants. LT4 substitution

did not cause any changes in plasma CETP activity after therapy. Plasma CETP activity showed no correlation with serum TSH,

FT4, and FT3 levels. Both hypothyroid and normal infants were found to have significantly higher plasma CETP activity than

normal adults. From these results, we conclude that in infants thyroid hormones do not affect plasma CETP activity, and

normal infants have high plasma CETP activity, compared with normal adults.
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CHOLESTERYL ESTER transfer protein (CETP) is a
hydrophobic glycoprotein that mediates the net transfer

of neutral lipids between lipoproteins by stimulating the hetero-
exchange of cholesteryl esters and triglycerides.1,2 It redistrib-
utes cholesteryl esters formed by lecithin:cholesterol acyltrans-
ferase in high-density lipoprotein (HDL) to the less dense
apolipoprotein B (apo B)–containing lipoproteins. Therefore, it
plays an important role in the metabolism of HDL and apo A-I
and in the reverse cholesterol transport pathway.1-3

In viewing 4 published reports,3-6 thyroid hormones seem to
be involved in the regulation of CETP, and CETP may play a
role in the alterations of HDL lipids observed in hypothyroid-
ism. According to these studies,3-6 plasma CETP activity was
low in hypothyroid adults, and a significant increase in plasma
CETP activity was noted after thyroxine replacement. However,
as we discuss later in this report, the observed differences in
plasma CETP activity were small and some other factors may
have contributed to their results. Although the reported results
may seem to explain the mechanisms of the elevation of HDL
cholesterol in hypothyroid states, we think it is too early to draw
any conclusions based on the limited data obtained only from
adult patients.

In adults, the presence of a multitude of environmental
determinants, including smoking,7,8 drinking,9-11 exercise,12

estrogen use,13 diabetes mellitus,14 and obesity,15,16 that can
affect CETP may make the assessment difficult. Early in
infancy, when the effects of many of the above-mentioned
factors have not yet been established, hormonal influences are
easier to quantify. The aim of the present study was to

investigate the effects of thyroid dysfunction on CETP by
studying plasma CETP activity in hypothyroid infants before
and after they were rendered euthyroid withL-thyroxine (LT4)
replacement therapy.

SUBJECTS AND METHODS

Fourteen hypothyroid infants (aged 1 month; 7 males and 7 females)
before LT4 replacement therapy, 23 normal infants (aged 1 month; 11
males and 12 females), and 61 normal adults (aged 23 to 54 years; 38
males and 23 females) were enrolled in this study. The 14 hypothyroid
infants were identified during neonatal mass screening for congenital
hypothyroidism. These patients had elevated blood thyrotropin (TSH)
levels (.97th percentile of the assay) and were referred to our hospital
for further evaluation at the age of 1 month. The 14 infants were later
confirmed to have congenital hypothyroidism. The 23 normal infants
were selected from neonates who were referred to our hospital because
of transiently elevated blood methionine, leucine, or galactose during
newborn mass screening. TSH levels in their dried blood samples
measured during the screening were all completely within the normal
range, and their suspected disorders were finally ruled out.

Blood samples were obtained for measurement of plasma CETP
activity according to the method of Kato et al,17 and serum TSH, free
triiodothyronine (FT3), free thyroxine (FT4), and other parameters were
also measured on an autoanalyzer (Hitachi 7170). Informed consent was
obtained from the parents when they first visited our hospital. Plasma
CETP activity was analyzed by measuring the transfer of cholesteryl
esters from exogenous radiolabeled HDL to apo B–containing lipopro-
teins.

At the age of 1 month, the first blood samples were taken and serum
thyroid hormone levels of the 14 infants indicated a hypothyroid status:
TSH 306.96 109.9 µIU/mL (normal range, 0.6 to 5.3), FT4 0.776 0.21
ng/dL (normal range, 1.3 to 2.8), and FT3 2.976 0.35 pg/mL (normal
range, 2.1 to 3.8). The next day, LT4 substitution therapy was started.
Each patient received an oral dose of LT4 approximately 10 µg/kg body
weight once per day in the morning. Two months after LT4 substitution,
at the age of 3 months, the second blood samples were taken and serum
thyroid hormone levels were confirmed as normalized: TSH 3.246

0.71 µIU/mL, FT4 2.676 0.24 ng/dL, and FT3 3.906 0.25 pg/mL.
An additional 18 euthyroid infants aged between 3 and 11 months,

who were rendered euthyroid by LT4 replacement since 1 month of age,
were enrolled as the subjects in this study to assess the relationships of
CETP with thyroid hormones.
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Measurement of CETP Activity

Plasma CETP activity was measured according to the method of Kato
et al.17 Briefly, discoidal bilayer particles were used as cholesteryl ester
donors and LDL was used as the acceptor. The LDL used in this study
was separated from pooled plasma obtained from normal adults with a
normal lipid profile. The transfer of14C-labeled cholesteryl oleate in
discoidal bilayer particles to LDL was monitored after incubation for 30
minutes at 37°C with or without the addition of 2 µL plasma as the
source of CETP. Discoidal bilayer particles and LDL were separated by
sodium dextran sulfate and MgCl2 dextran sulfate and MgCl2 precipita-
tion, and radioactivity in the supernatant and precipitates was then
determined. CETP activity linearly increased within 30 minutes of
incubation. We expressed CETP activity as a percent of the control
value.17,18 The control value for plasma CETP activity was obtained
from 47 normal adults working in the R & D Center Biomedical
Laboratories (BML) (Saitama, Japan). The 47 subjects were selected
because they had a normal serum lipid profile and no D442G or intron
14 mutations in the human CETP gene. The 47 samples were measured
for the cholesteryl ester transfer rate, and the mean transfer rate was
used as the control value for plasma CETP activity. Three plasma
samples, the transfer rates of which were close to the mean value, were
separated and kept frozen at280°C to be used as the control value in
each assay. All of these laboratory procedures were performed by the
BML (Saitama, Japan).

Statistical Analysis

Since plasma CETP activity and thyroid hormone concentrations
were not normally distributed, the significance of the difference in these
values was analyzed by nonparametrict test. The significance of the
values before and after LT4 therapy was determined by Wilcoxon’s
signed rank sum test. Data are presented as the mean6 SD. Linear
regression was used to assess the correlation of plasma CETP activity
with thyroid hormones. AP value less than .05 was considered
significant.

RESULTS

Plasma CETP Activity

Plasma CETP activity was not statistically different in
hypothyroid infants and normal infants. Both hypothyroid and
normal infants had significantly higher plasma CETP activity
than normal adults (Fig 1).

Changes in Plasma CETP Activity Before and After LT4

Replacement

In hypothyroid infants, serum thyroid hormone levels were
normalized 2 months after LT4 replacement (at the age of 3
months). However, no significant changes were observed in
plasma CETP activity after LT4 replacement (Fig 2).

Relationship of Plasma CETP Activity With Thyroid Hormones

In the 14 hypothyroid infants before LT4 substitution, plasma
CETP activity did not show any relationship with thyroid
hormone levels. In the 32 euthyroid infants during LT4 replace-
ment, there was no relationship between plasma CETP activity
and thyroid hormone levels (Table 1).

DISCUSSION

In this study, we found no differences in plasma CETP
activity between hypothyroid infants and age-matched normal
infants. LT4 substitution did not cause any changes in plasma

CETP activity after therapy. Plasma CETP activity showed no
correlation with serum TSH, FT4, and FT3 levels. Both hypothy-
roid and normal infants showed higher plasma CETP activity
than normal adults.

CETP activity may be regulated in 4 ways2: by factors that
influence the concentration of CETP in plasma, by the activity
of CETP inhibitor proteins, by variations in the concentration
and composition of donor and acceptor lipoproteins, and by
factors that influence the interaction of CETP with plasma
lipoproteins. Considering the presence of high serum HDL
cholesterol and apo A-I levels in hypothyroid patients,19-24

thyroid hormones seem to be one of the factors affecting plasma
CETP activity.

In viewing the literature, there have been 4 reports on the
relationship between plasma CETP and thyroid hormones.
Dullaart et al4 first investigated the effect of hypothyroidism on
CETP activity in 13 athyrotic patients before and after triiodo-
thyronine (T3) supplementation for 33 to 67 days. According to

Fig 1. Plasma CETP activity. Plasma CETP activity was not statisti-

cally different in hypothyroid infants (n 5 14, 147.2% 6 32.8% of

control) and normal infants (n 5 23, 147.8% 6 21.7% of control).

Normal infants had significantly higher plasma CETP activity than

normal adults (n 5 61, 101.9% 6 19.8%, P F .001).

Fig 2. Changes in plasma CETP activity before and after LT4

replacement. No significant changes were observed in plasma CETP

activity after LT4 replacement: 14 hypothyroid infants before LT4,

147.2% 6 32.8% of control; 2 months after LT4, 134.9% 6 23.4% of

control; and 23 normal infants, 147.8% 6 21.7% of control.
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their study, CETP activity was 15% lower in the hypothyroid
state as compared with the euthyroid state, after T3 supplemen-
tation.4 However, the difference was very small and the duration
of T3 supplementation varied widely from 33 days to 67 days,
which may have affected the results. In our study, we measured
all variables exactly 2 months after the start of LT4 replacement,
and the ages of the patients were all the same. Another point to
consider in their study is that there were no differences in
plasma CETP activity in their 13 hypothyroid patients versus 26
euthyroid controls. This result is very similar to the present
study, suggesting that there are no relationships between plasma
CETP and thyroid hormone levels.

In another study by Ritter et al,5 plasma CETP activity was
significantly decreased when patients were hypothyroid and
increased to normal levels after hormone replacement and
restoration of eumetabolism. However, plasma CETP concentra-
tions were unchanged before and after treatment in hypothyroid
females.5 Based on their observations, they concluded that
decreases in CET during hypothyroidism may be secondary to
acceptor lipoprotein (LDL and very–low-density lipoprotein)
changes in the hypothyroid state and not to changes in the
concentration of CETP itself.5 Their report seems to partially
support our views.

In more recent studies by Tan et al,3 plasma CETP activity
was increased in hyperthyroid patients compared with controls,
whereas in hypothyroid patients, plasma CETP activity was
decreased. In the hypothyroid patients, there was a significant
increase in plasma CETP activity after thyroxine replacement.
In addition, there was a strong positive correlation between
logarithmic (FT4) and plasma CETP activity.3 However, we did
not find any relationships between plasma CETP activity and
thyroid hormones not only in hypothyroid infants before LT4

substitution but also in a larger number of euthyroid infants
receiving long-term LT4 replacement therapy since 1 month of age.

With regard to the response of CETP to thyroid hormone
replacement, although Tan et al3 obtained a statistically signifi-
cant increase in plasma CETP activity after LT4 replacement in

hypothyroid patients, the mean increase was very small (4.32%)
and the 2 patients, showing prominent increases in plasma
CETP activity, could have contributed to the statistical signifi-
cance of their results. Another point is that no significant
changes were observed in plasma CETP activity in hyperthyroid
patients before and after therapy in another one of their studies.6

In our study, there were no changes in plasma CETP activity
exactly 2 months after LT4 replacement therapy with complete
normalization of thyroid hormone levels.

As described before, the results of the present study are very
different from those in the 4 previous studies wherein plasma
CETP activity was low in the hypothyroid state. In contrast to
these 4 previous studies, we found no differences in plasma
CETP between hypothyroid and normal infants and no changes
in plasma CETP before and after LT4 replacement. In our study,
plasma CETP activities were neither affected by thyroid status
nor correlated with thyroid hormone levels.

Although there seems to be no obvious explanation for this
difference, one possible explanation might be that in the
previous studies all subjects were adults, whose plasma CETP
activity tends to be affected by many environmental factors. In
clinical studies enrolling adult patients as subjects, it can be
difficult to adjust the obtained values for all of these environmen-
tal factors, which may then affect the results. To minimize the
possible effects of such factors on thyroid hormones and CETP,
we elected to study infants who had not yet been exposed to
these factors.

Another possible explanation for the different results of our
study versus the others would be that adults may respond to
thyroid hormone replacement very differently from infants.
According to a report by Tenenbaum et al,25 in contrast to adult
hypothyroidism, LDL catabolism is not altered in congenital
hypothyroidism in infants. However, as in adults, a defect of
lipolytic enzyme activities is present and can induce an
impairment of the elimination of cholesterol via the HDL route
and potentially of the catabolism of triglyceride-rich lipopro-
teins.25 Another support for this possible age difference in lipid
metabolism is that in our study both hypothyroid and normal
infants were found for the first time to have very high plasma
CETP activity compared with normal adults. The significance
of the observed high plasma CETP activity in infants remains
uncertain on the basis of the available data.

Based on our findings, we conclude that in infants thyroid
hormones do not affect plasma CETP activity, and normal
infants have high plasma CETP activity compared with normal
adults. Further studies from other institutions are needed to
confirm this.
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