Effect of L-Thyroxine Therapy on Lipoprotein Fractions in Overt and Subclinical
Hypothyroidism, With Special Reference to Lipoprotein(a)
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The effect of L-thyroxine therapy on lipoprotein fractions was assessed in 15 patients with overt hypothyroidism (14 women
and one man aged 45 x 3.9 years; thyrotropin [TSH]: mean £ SEM, 42 + 6.5 mlU/L; range, 20.5 to 106.5) and 14 patients with
subclinical hypothyroidism (13 women and one man aged 41 * 4 years; TSH: mean + SEM, 9.1 = 1 mIU/L; range, 5.1 to 17.3).
Fasting serum lipid levels were measured initially and 4 months after achievement of a euthyroid state with incremental
L-thyroxine therapy (TSH: mean = SEM, 1.8 = 0.4 miU/L; range, 0.3 to 4.9 for both groups). In the overtly hypothyroid group,
restoration of a euthyroid state was associated with a significant reduction in total cholesterol, and apo B. In the subclinically
hypothyroid group, there was a significant reduction of only total cholesterol (199.6 + 13.2 v 183.4 = 11.6 mg/dL) and LDL-C
(1316 £ 84 v 114 = 9.25 mg/dL). In contrast, lipoprotein{a) [Lp(a)] was unaffected by the incremental adjustment of
L-thyroxine therapy in both groups (overt, 34.3 = 8.8 v 35.6 + 6.7 mg/dL; subclinical, 23.0 + 8.6 v 29.4 = 9.5 mg/dL}). We
conclude that restoration of a euthyroid state in patients with overt hypothyroidism has no significant effect on Lp(a) levels,
and confirm that subclinical hypothyroidism is associated with a significant increase in LDL-C, known to have an atherogenic

effect.
Copyright © 1995 by W.B. Saunders Company

HE MOST COMMON abnormalities of lipoprotein
metabolism associated with overt hypothyroidism are
hypercholesterolemia and elevated low-density lipoprotein
cholesterol (LDL-C) and apolipoprotein (apo) B levels.
These changes are at least in part accounted for by the
effect of thyroid hormone on lipoprotein lipase activity,
expression of LDL receptors, and subsequent cellular
uptake of LDL and very-low-density lipoprotein par-
ticles,'* and probably play an important role in atherogen-
esis in untreated overt hypothyroidism.

Although lipoprotein(a) [Lp(a)] has been shown to be an
important pathogenic factor in atherosclerosis, its metabo-
lism and the mechanisms involved in regulation of its
synthesis and degradation are not fully elucidated. For
instance, although it has been established that LDL recep-
tors play a major role in the uptake and clearance of LDL,
there is controversy as to whether the LDL receptor affects
the clearance of a metabolically significant fraction of
Lp(a).>7 In addition, although there is evidence that thy-
roid hormone plays an important regulatory role in LDL
receptor number and LDL metabolism,®1° no clear-cut
evidence exists that thyroid hormone plays a role in the
regulation of Lp(a) metabolism. Thus, it has been ques-
tioned whether hypothyroidism could cause changes in
Lp(a) concentration that would contribute to atheroscle-
rotic cardiovascular disease, in conjunction with the known
changes in other atherogenic fractions. Recently, four
studies have reported Lp(a) levels in patients with overt
hypothyroidism, with conflicting results.!-14

Numerous studies have also attempted to assess whether
subclinical hypothyroidism causes significant changes in
lipoprotein fractions and have provided different re-
sults.b21522 However, most of these studies were cross-
sectional and compared results in groups of patients with
subclinical hypothyroidism with those of euthyroid controls.
Recently, we have shown that restoration of a euthyroid
state with incremental adjustment of L-thyroxine therapy
causes a significant reduction in LDL-C and apo B in
patients with subclinical hypothyroidism who have a mean
basal thyrotropin (TSH) level of 16.6 + 3.2 mIU/L.15

In this study, we have assessed lipoprotein fractions,
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including Lp(a), in patients with overt and subclinical
hypothyroidism before and 4 months after achievement of a
euthyroid state with L-thyroxine therapy to determine
whether thyroid hormone deficiency affects Lp(a) in rela-
tionship to other lipoprotein fractions, and to reassess
lipoprotein-fraction changes in subclinical hypothyroidism.

SUBJECTS AND METHODS

The subjects consisted of a group of 15 ambulatory patients (14
women and one man aged 17 to 75 years; mean + SEM, 45 + 3.9)
with overt hypothyroidism (TSH > 20 mIU/L and low thyroid
hormone levels, group I) and 14 patients (13 women and one man
aged 22 to 66 years; mean = SEM, 41 = 4.0) with subclinical
hypothyroidism (TSH = 5 to 20 mIU/L and normal thyroid hor-
mone levels, group IT). The patients’ characteristics are shown in
Table 1. The underlying etiology for hypothyroidism in group 1 was
Hashimoto’s thyroiditis in four patients, post-radioactive iodine
ablation for Graves’ disease in eight, and post—surgical ablation for
a thyroid tumor in three. While six patients were receiving stable
doses of L-thyroxine (50 to 150 ug daily), nine patients were newly
diagnosed and were not receiving thyroid hormone therapy. The
underlying cause of hypothyroidism in group II was Hashimoto’s
thyroiditis in six patients, post-surgical ablation for a thyroid tumor
in three, atrophic hypothyroidism in three, and post-radioactive
iodine ablation for Graves’ disease in two. None of the study
patients were receiving medications or had an associated illness
known to alter TSH secretion and/or interfere with lipoprotein
metabolism.

Thyroid-function tests including total thyroxine, triiodothyro-
nine, free thyroxine index, and TSH were performed on serum
samples obtained initially and 4 months after achievement of a
euthyroid state with L-thyroxine therapy.

Morning blood samples were drawn after a 12-hour overnight
fast into tubes containing EDTA, and plasma was stored at —70°C
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Table 1. Thyroid-Function Tests and L-Thyroxine Dose Before and After Achievement of a Euthyroid State
Group | {n = 156) Group It {n = 14)
Pretreatment Posttreatment Pretreatment Posttreatment

Parameter Mean = SE Range Mean * SE Range Mean = SE Range Mean = SE Range
FTl 3.17 + .60 .5-7.2 8.75 + .51 6.6-14.5 6.56 = .61 54-9.7 8.7 + .46 6.2-11.5
TSH (mIU/L) 42,9 + 6.46 20.5-106.6 1.83 x 43 0.349 9.1+£1.0 5.1-17.3 1.8 £ 0.42 0.3-4.9
Dose of L-thyroxine (ug) 31.66 = 12.39 0-150 1233+ 85 75-175 55.42 + 14.4 0-150 99.1 = 11.8 50-175

Abbreviation: FTI, free thyroxine index.

for subsequent measurement of total cholesterol, triglyceride,
LDL-C, high-density lipoprotein cholesterol (HDL-C), apo B-100,
apo A-l, and Lp(a) levels. Four months after achievement of a
euthyroid state, blood was drawn again for measurement of the
same variables. Initial and repeat measurements were performed
in the same assays.

Assays

Serum TSH level was measured in duplicate by a sensitive
chemiluminescent assay (Immulite chemiluminescent; Diagnostic
Products, Los Angeles, CA) with a detection limit of .005 mIU/L, a
functional sensitivity of 0.01 mJU/L, and a normal range of 0.5 to
4.9 mIU/L. Serum total thyroxine level was measured by radioim-
munoassay {Coat-a-Count; Diagnostic Products, Los Angeles, CA)
(normal range, 5.5 to 11 pg/dL), and triiodothyronine resin uptake
was measured using the same methodology (normal range, 25% to
35%). Concentrations of plasma cholesterol® and triglycerides®*
were measured by enzymatic procedures. These measurements
were adapted for automatic analysis in a centrifugal analyzer
(Cobas-Bio centrifugal analyzer; Roche, Basel, Switzerland).
HDL-C level was determined by enzymatic measurement of the
supernatant liquid after precipitation of the plasma with magne-
sium chloride and dextran sulfate.?’ LDL-C level was calculated
subsequently using the Friedewald formula.?® Apo A-I and apo B
values were determined by rate immunonephelometry (Array
Protein System; Beckman, Brea, CA). Plasma levels of Lp(a) were
determined by a double-antibody, enzyme-linked immunosorbent
assay?’ and multiplied by 3.3 to obtain plasma Lp(a) (total mass)
levels, which are given in milligrams per deciliter.

Statistical analysis was performed using the Wilcoxon matched-
pairs, signed-rank test and Student’s ¢ test. The P value was
adjusted using the Bonferroni correction for comparison of the
means.

RESULTS

Before correction of the hypothyroid state, mean TSH
was 42.9 + 6.46 (mean + SE) mIU/L in group I and 9.1 =
1.0 mIU/L in group II. After incremental adjustment of
L-thyroxine therapy, TSH became normal in all patients
(Table 1). In group I, restoration of a euthyroid state was
associated with a significant reduction in total cholesterol
(from 276.7 + 26.5 to 200.9 + 13.3 mg/dL), LDL-C (from
207.3 £ 22 to 137.3 +12.2 mg/dL), apo A-I (from
178.5 = 13 to 134.3 + 9.1 mg/dL), and apo B-100 (from
180.5 £ 18.8 to 127.1 = 11.2 mg/dL). However, Lp(a) lev-
els were not different in the hypothyroid state (34.3 = 8.8
mg/dL; range, 5 to 120) and euthyroid state (35.6 = 7.7
mg/dL; range, 4 to 136). Figure 1 shows individual Lp(a)
values before and after L-thyroxine therapy in patients with
overt hypothyroidism. Thus, almost all patients who had
initial Lp(a) values higher than the accepted cutoff level for
increased risk of atherosclerosis (30 mg/dL) continued to

have elevated values after achievement of a euthyroid state.
Table 2 shows lipoprotein concentrations and ratios before
and after achievement of a euthyroid state in patients with
subclinical hypothyroidism. There was a statistically signifi-
cant reduction in total cholesterol and LDL-C and a small
but not statistically significant reduction in mean levels of
apo B-100. Lp(a) was also unaffected by incremental
adjustment of L-thyroxine therapy in patients with subclini-
cal hypothyroidism. Comparison of lipid results in the two
groups before L-thyroxine therapy is shown in Fig 2. Thus,
in patients with overt hypothyroidism, total cholesterol,
LDL-C, and apo B-100, but not Lp(a), are significantly
higher than in patients with subclinical hypothyroidism.
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Fig 1. Individual Lp{a) values in patients with overt hypothyroid-
ism before and after restoration of a euthyroid state with L-thyroxine
therapy. { )} Accepted cutoff level (30 mg/dL) above which there
is an increased risk for cardiovascular disease.
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Table 2. Lipoprotein Fractions and Ratios in Patients With
Subclinical Hypothyrodism Before and After Treatment

Before Treatment After Treatment

Lipoprotein Mean = SE Range Mean = SE Range
Total choles-

terol

{mg/dL) 199.6 + 13.20 138-324 183.4 + 11.62* 118-281
Triglycerides

{mg/dL}) 112.6 + 15.24 46-238 116.4 = 16.90 50-272
HDL-C

{mg/dL) 454 + 477 30-95 454 + 4.23 21-74
LDL-C

{mg/dL) 131.6 + 8.43 78-196 114.8 + 9.26* 64-195
Apo A-|

{mg/dL) 171.8 = 1217 110-266 177 + 1459 103-297
Apo B

{mg/dL) 112.1 + 9.86 59-207 105.7 = 9.39 54-197
Lp(a)

(mg/dL) 22.99 + 8.6 .99-101.64 29.40 + 9.47  1.98-100.32
Apo A-l/

HDL-C 4.2 + .34 2.81-7.03 4.2 + 45 2.62-8
LDL-C/apo B 1.2 + .04 .99-1.47 1.1 = .04* .84-1.44

*P < .01,

DISCUSSION

Our results agree with findings reported in previous
studies with respect to changes in total cholesterol, LDL-C,
apo B, and apo A-I in overt hypothyroidism before and
after achievement of a euthyroid state with L-thyroxine.!+%
These results are also consistent with previous observations
that the magnitude of changes in lipoprotein fractions in
hypothyroid patients correlates with the severity of thyroid
hormone deficiency.? Achievement of euthyroidism also
results in a significant reduction in LDL-C in patients with
subclinical hypothyroidism, consistent with results of our
previous study.!> However, we have not found a significant
reduction in apo B levels in patients with subclinical
hypothyroidism, as we previously reported,’ although we
have noted a trend for reduction in apo B-100 levels with
L-thyroxine therapy. This difference may be explained by
the fact that patients recruited in the current study had
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lower TSH values (TSH, 9.1 + 1 mIU/L) than those previ-
ously studied (TSH, 16.6 = 2.2 mIU/L)."> Thus, apparent
changes in LDL-C may precede those of apo B-100 with
gradually worsening thyroid hormone deficiency. Higher
LDL-C levels in patients with slightly elevated TSH as
compared with euthyroid controls have also been shown by
Althaus et al?! and Staub et al.2 However, in the latter
study, only patients with TSH greater than 12 mIU/L had
an elevation in LDL-C and apo B. In contrast, other studies
did not show a change in LDL-C in patients with subclinical
hypothyroidism.1-20

The elucidation of whether thyroid hormone deficiency is
associated with an increase in Lp(a) is important for several
reasons. Lp(a) may be an independent risk factor for
atherosclerosis, as suggested by both cross-sectional and
prospective studies.?3® In addition, establishing whether
Lp(a) changes parallel those of LDL-C and apo B may
provide further insight into whether Lp(a) and LDL-C are
subject to similar regulatory mechanisms.

Whereas one cross-sectional study from Denmark showed
no difference in Lp(a) levels in hypothyroid patients as
compared with euthyroid controls,!! another study in which
serial measurements were performed suggested that L-
thyroxine therapy caused an initial reduction followed by a
secondary increase in Lp(a) concentration.’? Spandrio et
al’? showed that L-thyroxine therapy did not significantly
affect Lp(a) levels in a group of patients with postsurgical
hypothyroidism, but Engler and Riesen'# did demonstrate a
reduction of Lp(a) levels during L-thyroxine treatment,
attributed to a direct effect of thyroid hormone on Lp(a)
synthesis rather than LDL receptor effects. Even though we
have not sequentially measured Lp(a) levels during L-
thyroxine therapy, our data do not provide evidence that
hypothyroidism is associated with a significant change in
Lp(a). This is further supported by the observation that
despite significant differences in total cholesterol, LDL-C,
and apo B-100 levels between patients with overt and
subclinical hypothyroidism, Lp(a) levels were not different
in the two groups in the untreated state. Our data also
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and (M) subclinical hypothyroid- 50
ism before L-thyroxine therapy.
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suggest that even if minimal changes in Lp(a) do occur as a
result of thyroid hormone deficiency, these changes may be
difficult to assess due to the wide range of Lp(a) values found in
both normal euthyroid and hypothyroid individuals.5”

In conclusion, our study indicates that both overt and

AREM ET AL

subclinical hypothyroidism cause an elevation in LDL-C
commensurate with the severity of thyroid hormone deficiency,
but these analytes are not associated with significant changes in
Lp(a). These results suggest that Lp(a) and LDL metabolism
are not subject to the same regulatory mechanisms.
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