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Hypothyroidism is associated with increased cardiovascular morbidity, which cannot be fully explained by the
atherogenic lipid profile observed in these patients. Elevation of total plasma concentrations of homocystein (t-Hcy) is an
important and independent risk factor for cardiovascular disease. Because hypothyroidism decreases hepatic levels of
enzymes involved in the remethylation pathway of homocystein, we prospectively evaluated fasting t-Hcy in hypothyroid
patients before and after recovery of euthyroidism. In the current study we examined 40 patients with peripheral
hypothyroidism [12 with autoimmune thyroiditis, 10 with Graves’ disease, (treated surgically or carbimazole), 2 with toxic
multinodular goiter (treated surgically), 12 surgically resected goiter, and 4 with idiopathic hypothyroidism] in comparison
with those of 25 hyperthyroid patients and 25 euthyroid control subjects with the same age and sex attending the outpatient
and the inpatient departments of general surgery, Mansoura University Hospital. In all cases, a detailed medical history was
obtained and a thorough physical examination was performmed with emphasis on the presence of symptoms / signs indicative
of underlying thyroid disorders. In addition to plasma lipid parameters, thyrotropin (TSH), T3, T4 and t-Hcy levels were
measured in a fasting blood samples. Fasting t-Hcy levels were higher in patients with hypothyroidism in comparison with
those of hyperthyroid patients and euthyroid control subjects. Plasma t-Hcy in hypothyroidism was significantly correlated
with high TSH and lipoprotein (a) levels (r = 0.306, P = <0.01 & r = 0.476, P = <0.001, respectively). The restoration of
euthyroid state with levothyroxine therap (75 ug/day) was followed by a significant improvement of plasma lipid profile.
Also, thyroid hormone replacement significantly decreased fasting t-Hcy. We confirmed the observation of
hyperhomocysteinemia in hypothyroidism, which together with the elevated plasma lipoprotein (a) may contribute to an
accelerated atherogenesis in these patients. As hypothyroidism may be a treatable cause of hyperhomocysteinemia, and as
fasting t-Hcy is associated with a significant increased relative risk of coronary artery disease, measurement of t-Hcy to
screen this dynamic association of cardiovascular risk factors during hypothyroidism may be of interest.

INTRODUCTION

Overt thyroid disturbances, characterized by

Overt hypothyroidism may result in accelerated
atherosclerosis and coronary heart disease (CHD)

- - . presumably because of the associated hypertension,
symptoms and/or clinical signs with abnormal serum hypercholesterolemia, and hyperhomocysteinemia.

levels of ‘thyr(‘)id hor'm'ones, are generally associated with Because of the evidence linking raised lipoprotein (a)
perturbations in the lipid profile @- [Lp(a)] concentrations with the development of
atherosclerosis, attention has been focused on plasma Lp(a)

Primary hypothyroidism is a graded phenomenon levels in thyroid diseases®:

with different levels of severity, showing a wide inter
individual range of clinical and biochemical presentation @

° o o An elevated total plasma homocystiene (t-Hcy) level
The earliest form of hypothyroidism, called subclinical

has recently received greater attention as an important and

hypothyroidism (SCH) or mild thyroid failure is defined by
an increased serum TSH level in the presence of normal
concentrations of circulating thyroid hormones.
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easily modifiable risk factor for atherosclerotic and
thromboembolic diseases such as cerebrovascular disease,
coronary artery disease and venous thrombosis ®):
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Homocystiene is metabolized by one of two pathways;
remethylation and transsulfuration. Thus,
hyperhomocystienemia may be due to deficiency of
enzymes of the remethylation pathway that recycles
homocystiene to methionine, or of enzymes of the
transsulfuration pathway (cystathionine 3-synthetase) ©)-

Moderately elevated plasma homocysteine
concentration is readily correctable by folic acid, betaine, or
vitamin B12 supplementation. However, several
investigations have indicated that the theory of
vitamin B12 deprivation provides only a partial
explanation for the observed abnormalities of the sulfur-
containing amino acids 6.7)-

Laraqui et al ® reported a positive correlation
between the levels of homocysteine and those of Lp(a), and
that the hyperhomocysteinemia and/or increased plasma
level of lipoprotein Lp(a) are risk factors for coronary heart
disease.

Lipid abnormalities associated with thyroid
disturbances remain controversial®. The increased risk of
coronary heart disease assumed to be associated with
hypothyroidism is not linked with the presence of pattern 3
LDL, ©but rather with concomitant metabolic
abnormalities®)- Hypothyroidism is associated with
increased cardiovascular morbidity, which cannot be fully
explained by the atherogenic lipid profile observed in these
patients (10.11).

Aim of the study:

The study was designed to evaluate the alterations of
plasma t-Hcy levels and plasma lipid profile in
hypothyroidism. Also, this study was conducted to
evaluate the effect of thyroid hormone replacement and
restoration of the euthyroide state on these parameters.

Study populations:

Forty patients suffering from hypothyroidism, 35
women and 5 men, with a mean age of 44.7+9.5 years were
studied prospectively. The underlying thyroid disorders
leading to hypothyroidism were autoimmune thyroiditis (n
= 12), Graves’ disease (n = 10; treated with surgery or,
carbimazole), toxic multinodular goiter (n = 2; treated
surgically), surgically resected goiter (n = 12), and
idiopathic hypothyroidism (n = 4). Also, twenty-five
hyperthyroid patients (21 women and 4 men, with mean
age of 43.7 £7.8 years), in addition to twenty-five euthyroid
(20 women and 5 men with mean age of 43.246.0 years)
were enrolled in this study. All the study populations were
selected from those attending the outpatient and the
inpatient departments of general surgery, Mansoura
University Hospital.
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All subjects were in good health, all women were
premenopausal with regular menses, and none was
pregnant. Patients treated with medications known to
interfere with t-Hcy metabolism, particularly estrogen-
containing medications, or associated diseases states that
might influence t-Hcy levels were excluded from the study.
Obese subjects, smokers, and those with primary or
secondary dyslipidemia, diabetes mellitus, renal and
hepatic failure, or other systemic diseases were excluded
from the study. Other exclusion criteria were: coronary
heart disease, pituitary/hypothalamic disorders, or other
nonthyroidal illnesses; thyroid hormone medication up to 3
months before enrollment; lipid-lowering agents within 6
months before enrollment; and obvious or suspected poor
compliance.

In all cases a detailed medical history was obtained,
and a thorough physical examination was performed.
Special emphasis was given to the presence of
symptoms/findings indicative of an underlying thyroid
disease or any other disease causing dyslipidemia.

Additionally, the patients with hypothyroidism were
reinvestigated after an euthyroid state was achieved by the
administration of levothyroxine (L-T4) (75 pg daily) for
three months, and normalization of plasma TSH.

Biochemical measurements:

After an overnight fast, venous blood samples were
drawn and immediately put into heparinized tubes. As
synthesis of homocysteine would take place in red blood
cells after sampling, it was very important that
centrifugation and separation of plasma from the blood
cells to take place within 1 hour. The samples were kept on
ice until separation (12- Plasma was separated and divided
into aliquots which were stored at -20°C till assayed for:
total homocystein (t-Hcy) and thyroid functions (T3, T4
and TSH). Also, assayed for plasma lipid profile including;:
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-c), low- density lipoprotein
cholesterol (LDL-c), and lipoprotein (a) [Lp(a)]
concentrations.

Assay of total homocystein: Plasma t-Hcy levels were
measured by an enzyme immunoassay for the
determination of t-Hcy in plasma (13- Protein - bound
homocysteine was reduced to free homocysteine and
enzymatically converted to S-adenosyl-L-homocysteine
(SAH), by the use of SAH hydrolase and excess adenosine,
in a separate procedure prior to the immunoassay (14- The
enzyme is specific for the L-form of homocysteine , which
is the only form present in the blood. This was performed
by the use of Axis® Homocysteine EIA kits supplied by Bio
Rad Diagnostics Group, Axis Biochemicals, Oslo, Norway.

LP (a) was assayed by immunoprecipitin analysis
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according to Gries et al (5. The reagents were obtained
ready for use from Incstar corp. USA.

- Plasma levels of total cholesterol @16, HDL
cholesterol (17) and triglycerides (18) were estimated by Kkits
of Bio-Meriuex Lab-France.

- Plasma LDL cholesterol was calculated according to
Friedewald et al (19)-

- Plasma T3 0. and T4 @) were determined by ELISA
method using the kits from Diagnostic System Laboratories
Inc., Webster, Texas, USA.

- Plasma TSH was assayed 2 by ELISA method using
Immunotech kit, Marseille, France.

Statistical analysis:

Descriptive data are expressed as mean * SD. Baseline
characteristics of the hypothyroid subjects were compared
with the hyperthyroid and control subjects by use of Mann-
Whitney U test. The simple Pearson's correlation coefficient
was used to evaluate the correlation between 2 variables.
Baseline characteristics and response before and after
thyroid hormone replacement were compared by use of
Wilcoxon signed rank test. These tests were run on an IBM
compatible personal computer using the Statistical Package
of Social Scientists (SPSS) program for windows version 7.5
(SPSS Inc., Chicago, IL. USA). P value was considered
significant if less than 0.05.

RESULTS

Table (1) summarizes laboratory data of hypothyroid
and hyperthyroid patients as well as control subjects.
Fasting t-Hcy levels were higher in patients with
hypothyroidism versus hyperthyroid and control subjects
(P = <0.01), while there was a non significant difference
between hyperthyroid and control subjects. The increased
t-Hcy in hypothyroidism was significantly correlated with
high TSH and Lp (a) levels (r = 0.306, P = <0.01 & r = 0.476,
P = <0.001, respectively) (Table 3).

The L-thyroxine dose in the treatment of hypothyroid
group (75 pg daily) was adapted at 6-wk intervals to
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decrease the TSH concentration to the euthyroid reference
range. Fasting plasma t-Hcy significantly decreased from
154 +£7.5t0 9.6 £ 4.8 umol/L (P = < 0.01), after recovery of
euthyroidism in the group of hypothyroid patients table
(2). These patients were rendered biochemically euthyroid,
simultaneously with a marked improvement in plasma
lipid profile, including a significant decrease of total
cholesterol, LDL cholesterol, and Lp(a) levels (table 2)

Thyroid hormones:

TSH levels were significantly higher in hypothyroid

patients than hyperthyroid patients and control subjects (P
< 0.0001), whereas serum T3 and T4 levels, were
significantlylower(P=0.001)table(1)
.After therapy, plasma TSH levels at the end of the study
had returned within the normal range 3.98 + 0.92 ulU/L in
the L-thyroxine treated hypothyroid patients and were
significantly lower than before treatment (P < 0.0001).
Plasma T3 and T4 levels rose significantly in the L-T4-
treated group (P = <0.05 and <0.001) respectively vs. before
treatment (Table 2).

Plasma lipid profile:

Hypothyroid patients showed significantly higher
plasma TC (P= < 0.001), LDL-c (P = 0.001). Significant
positive relationships were found between plasma t-Hcy
and both TC (r = 0.38; P = <0.01), and LDL-c (r = 0.63; P =
<0.001) levels (Table 3). Elevated Lp (a) levels (>30 mg/dl)
were significantly more frequent in hypothyroid patients
vs. hyperthyroid patients and control subjects (P =< 0.001)
(Table 1).

Significant positive relationships were found between
plasma Lp(a) and each of TSH, TC, and HDL-c (r = 0.576, P
= <0.001; r = 0.77, P = <0.001; r = 0.83 and P = <0.001)
respectively  (Table 3). After recovery of stable
euthyroidism, L-T4-treated patients showed a significant
decrease in plasma TC and LDL-c concentrations (P = 0.015
and 0.004 respectively) table (2). Also, Lp (a) levels were
significantly lowered after the treatment of hypothyroid
condition (P = 0.031). Moreover, HDL-c and triglycerides
levels showed a non significant change (Table 2).
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Table (1): Comparison of plasma t-Hcy levels and other laboratory data in hypothyroid and hyperthyroid patients as well as
control subjects.

Variable Group (1) Group (2) Group (3) P Value
Hypothyroidisin Hyperthyroid Control 1vs.2 1vs.3 2vs.3
(n=40) (n=25) (n=25)
t-Hey(umol/L) 15.4 7.5 74+29 79+28 <0.01 <0.01 NS
T3 (ng/ml) 0.5+0.29 2.92+0.51 1.13+0.21 <0.001 <0.001 <0.001
T4 (ug/dl) 2.74+0.71 15.51+ 1.58 7.1+ 1.03 <0.001 <0.001 <0.001
TSH (ulU /L) 2215+3.28 0.30 +£0.08 1.7+06 <0.0001 <0.0001 <0.001
T.C (mg/dl) 291.0+41.6 160.8 +14.9 169.3 £12.86 <0.001 <0.001 NS
HDL-c(mg/dl) 331+ 6.7 41.7+54 405+4.8 <0.01 <0.01 NS
LDL-c (md/dl) 221.6 +41.1 1231+ 8.4 122.4+9.09 <0.001 <0.001 NS
T.G (mg/dl) 176.0 £48.0 110.7+ 16.4 115.0 £15.35 <0.01 <0.01 NS
Lp(a) (mg/dl) 39.8+79 244 +6.7 235+7.01 <0.001 <0.001 NS

Data are meanz SD
NS = Non significant.

Table (2): Plasma t-Hcy, lipid profile and thyroid functions, before and after treatment of hypothyroidisin.

Parameter Before treatment After treatment p
t-Hey  (umol/L) 154475 96+48 <0.01
TSH (uIU/L) 2215+3.28 3.98+0.92 <0.0001
Ts (ng/ml) 05+0.29 0.84+0.13 <0.05
Ts (ng/dl) 2.74+0.71 7.38+1.7 <0.001
T.C (mg/dl) 291.0+41.6 234.0+36.0 0.015
HDL-c (mg/dl) 33.1+6.7 35.0+5.1 NS
LDLc (mg/dl) 221.6+41.1 165.6 £32.5 0.004
T.G (mg/dl) 176.0 +48.0 160.0 +29.1 NS
Lp(@)  (mg/dl) 39.8+7.9 29.7 463 0.031

Data are meanz SD
NS = Non significant.

Table (3): Pearson's correlation between t-Hcy and Lp (a) with the different variables in hypothyroid patients group (n = 40).
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Variable
TSH T T, T.C HDL-c LDL-c T.G
t-Hey . 0.306 -0.59 0.60 0.38 0.167 <?)'<6)?)1 0.251
pe <0.01 <0.001 <0.001 <0.01 NS : <0.05
Lp(@) . 0.576 -0.548 0.174 0.83 0.76 0.77 0.62
b <0.001 <0.001 NS <0.001 <0.001 <0.001 <0.001
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DISCUSSION

Hyperhomocysteinaemia is a risk factor for premature
atherosclerotic vascular disease and venous thrombosis (23
It is thought to predispose to atherosclerosis by several
mechanisms, including stimulation of LDL oxidation and
endothelial dysfunction @9 It is at least as important as
cholesterol, lipoprotein abnormalities and hypertension and
should be part of risk assessment, especially those at high
risk® Hyperhomocysteinemia is regarded as a public health
problem of increasing importance likely to contribute to
vascular disorders and premature mortality®©-

We observed that t-Hcy level was statistically higher in
hypothyroidism in comparison to hyperthyroid and healthy
controls. On univariate analysis, fasting t-Hcy is positively
related to TSH. The finding of high fasting t-Hcy in patients
with hypoyhyroidism is in agreement with a retrospective
report ). A strong inverse relationship between
homocysteine and thyroid hormones confirms the effect of
thyroid hormones on homocysteine metabolism (- Elevated
plasma homocysteine levels were described in a preliminary
report on primary hypothyroidism @9 However, certain
investigators have suggested that subjects with
hypothyroidism have an increased risk for coronary artery
disease, which may be related to atherogenic changes in
lipid profile 4. Moderately elevated total plasma
homocysteine levels have been reported in patients with
overt hypothyroidism, a condition that is associated with an
increased risk for cardiovascular disease 27

Hyperhomocysteinemia may arise from the shrinking
of endogenous nitrogen pools as a result of decreased
protein intake or stress-induced increased losses. Raised
total homocysteine may result from the attempt of the
malnourished and/or stressed body to preserve methionine
homeostasis -

Catargi et al % reported that there are negative
correlations between plasma homocysteine and serum folate
and vitamin B12 concentrations. This may also be important
because the enzyme 5,10-methylene tetrahydrofolate
reductase (MTHFR) is responsible for the formation of 5-
methyltetrahydrofolate, which functions as methyl donor
during remethylation of homocysteine to methionine.
Several experimental studies have shown that
hypothyroidism affects folate metabolism and the enzymes
involved in the remethylation of homocysteine and
particularly MTHFR. Thus, the decrease of hepatic level of
MTHEFR may be relevant to the relation that we observed
between t-Hcy and TSH. To test this hypothesis, Catargi and
coworkers 24 performed a methionine challenge test, they
found that recovery of euthyroidism normalized fasting t-
Hcy and reduced postload elevated levels of t-Hcy, which
confirmed the causal relationship between
hyperhomocysteinemia and hypothyroidism. This might be
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because in situations of excess methionine the
transsulfuration pathway is favored by upregulation of
cystathionine p-synthase and downregulation of the
remethylation pathway.

Recently, Shibata, et al 28 examined thyroidectomized
chickens in terms of plasma lipid concentration and protein
expression within the liver. An increase in phospholipid,
triglyceride, and total cholesterol levels within the blood
plasma of thyroidectomized chickens was observed, clearly
reflecting increased lipid synthesis within the liver. Over
expression of some proteins was observed in
thyroidectomized chicken livers. The amino acid sequence
of this protein showed a high degree of homology with the
betaine-homocysteine ~ S-methyltransferase (BHMT) of
mammalian species. In the liver, after thyroidectomy, the
synthesis of hepatic BHMT had already been enhanced.
Generally, BHMT catalyzes the transfer of a methyl group
from betaine to L-homocysteine. In addition, it seems that
this enzyme is also closely related to lipid metabolism in the
liver. Moreover, hypothyroidism may be directly or
indirectly related to overexpression of BHMT (29).

The t-Hcy level of hyperthyroid patients did not differ
significantly from that of the controls. Nedrebo,et al?9
reported that serum creatinine was higher in hypothyroid
patients and lower in hyperthyroid patients than in controls,
whereas serum folate was higher in hyperthyroid patients
compared with the two other groups. Also, Diekman,et al3
reported that the lower folate levels and creatinine
clearance in hypo-thyroidism, and a higher creatinine
clearance in hyperthyroidism only partially explain the
changes in t-Hcy.

Elevated levels of homocysteine in hypothyroidism
significantly decreased after correction> Thyroid hormones
cause marked reduction in enzymes involved in the
alternative transsulfuration pathway of homocysteine and
particularly in betaine homocysteine transferase, which may
balance the changes in MTHFR®) providing another
explanation for the restoration by thyroid replacement. So,
Toft & Toft (0 recommend TSH screening of patients with
unexplained hyperhomocysteinaemia.

In overt hypothyroidism the relationship between
dyslipidemia and atherosclerosis is well established (.25
Further mechanisms are suggested to be involved in the
association between thyroid failure and cardiovascular
disease. These include a hypercoagulable state ©1) and
endothelial effects of thyroid hormones ©2).

Because of the evidence linking raised Lp(a)
concentrations with the development of atherosclerosis,
attention has focused on serum Lp(a) levels in thyroid
diseases®:- This lipoprotein is synthesized mainly in the liver
and consists of LDL particle bound to an apoprotein that is
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structurally similar to plasminogen.

In this study Lp (a) levels were significantly higher in
hypothyroid cases than in hyperthyroid and control
subjects. A significant correlation between Lp(a) and LDL-c
was observed. In this regard, hypothyroidism may be of
particular interest, not only because several experimental
studies have shown that hypothyroidism may decrease
hepatic levels of enzymes involved in the remethylation
pathway, but also because hypothyroidism may be
associated with atherogenic lipid abnormalities, and
particularly with elevated LDL®3- It is possible that
hypercholesterolemia due to other causes may be
exaggerated when hypothyroidism supervenes. Thus, a high
level of suspicion of «clinical or even subclinical
hypothyroidism as a cause of hyperlipidemia is mandatory
in the lipid clinic @¥- This viewpoint is strengthened by the
fact that the development of hypothyroidism is insidious
and significant hypercholesterolemia may develop before
the clinical features of hypothyroidism are apparent. In
some patients with hypothyroidism, inadequate response to
hypolipidemic drugs was evident, which may also be a clue
pointing towards the diagnosis of an underlying disease,
such as thyroid dysfunction @4 Thus, in the era of
widespread cholesterol screening, a growing number of
patients with minimal thyroid failure may present with
hypercholesterolemia rather than the more traditional
features of hypothyroidism.

Thyroid disorders are known to influence lipoprotein
metabolism. The study performed by Tsimihodimos et al ¢4
clearly showed that thyroid function abnormalities are not
rare in patients attending a lipid clinic. In patients with
hypothyroidism, there is often an increase in the serum
cholesterol concentrations due to the raised levels of serum
low-density lipoproteins (LDL) and intermediate-density
lipoproteins ~ (IDL). Less  consistently, there is
hypertriglyceridemia associated with an increase in VLDL
and occasionally fasting chylomicronemia (4. Recent data
have also shown that serum Lp(a) levels are modulated by
thyroid hormones with Lp(a) levels being elevated in
hypothyroidism and decreased in hyperthyroidism@35- In
severe hyperthyroidism, a decrease of total cholesterol, LDL
cholesterol and apoprotein B concentrations are generally
observed. These biological parameters are normalized when
appropriate antithyroid treatment is given. In profound
hypothyroidism, on the contrary, elevated levels of total and
LDL cholesterol (LDL-c) levels are observed, which decrease
after hormonal replacement. In both cases, the changes in
serum levels of HDL cholesterol (HDL-c), triglycerides and
Lp (a) are less systematic, both before and after treatment(®):

The decision to treat patients with mild thyroid failure
is based on the fact that some symptoms may be reversed by
hormone supplementation and that therapy prevents
progression to the overt stage of hypothyroidism.
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Furthermore, L-thyroxine (L-T4) therapy is indicated in
special clinical conditions, such as goiter, thyroidectomy,
depression, infertility, and endocrine ophthalmopathy @- L-
T4 treatment is generally considered in two prospects: 1- to
prevent progression to overt hypothyroidism and 2- to
reduce symptoms of thyroid hormone deficiency ©)-

The potential favorable influence of levothyroxine
treatment on Lp (a) levels in patients with hypothyroidism
should be emphasized. In our study, increased Lp (a) levels
were evident in patients with hypothyroidism. The
significant reduction in total and LDL-c as well as in Lp(a)
levels, that were observed in our hypothyroid patients after
L-thyroxine treatment, is in close agreement with previously
published data 23%- A mean decrease in serum LDL-c, as
documented in L-thyroxine-treated patients, corresponds to
an important risk reduction @) Tzotzas, et al 5 reported that
in overt hypothyroidism, Lp(a) levels and most of the
lipoproteins were elevated before treatment and decreased
significantly during L-thyroxine treatment. Also, Meier and
coworkers (@ designed their study to show that
physiological L-thyroxine replacement in patients with
hypothyroidism has a beneficial effect on LDL-c levels and
clinical symptoms of hypothyroidism. Regarding our
findings of a definite improvement in the plasma lipoprotein
profile, we advocate replacement therapy in patients with
mild thyroid failure and hypercholesterolemia, in particular
in the presence of other cardiovascular risk factors. Also, our
data are in accordance with 2 recent meta-analyses that
calculated a beneficial effect of L-thyroxine on serum
cholesterol concentrations (637 In a quantitative review of
13 intervention trials Danese and coworkers (7 reported
similar reductions of total cholesterol and LDL-c levels.
Also, Bicikova et al @ reported that correction of thyroid
function led to normalization of elevated levels of total
cholesterol and triglycerides in hypothyroidism, along with
a significant increase in HDL-c. Thus, the results from the
present study are in agreement with those of several
intervention trials. Obviously, inherently elevated Lp (a)
levels may conspire with the raised LDL-c of untreated
hypothyroidism to enhance cardiovascular risk ¢- However,
overdose with unphysiological (not TSH-controlled) T4
treatment can produce overt or mainly subclinical
hyperthyroidism with TSH suppression @)

So, the increase in both plasma t-Hcy, Lp(a) and
plasma cholesterol may confer increased cardiovascular risk
in hypothyroid patients (0. Hyperhomocysteinemia and
hypercholesterolemia could help to explain the increased

risk for arteriosclerotic coronary artery disease in
hypothyroidism ©8)-
CONCLUSIONS:
We confirmed the observation of

hyperhomocysteinemia in hypothyroidism, which together
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with the elevated plasma lipoprotein (a) may contribute to
an accelerated atherogenesis in these patients. As
hypothyroidism may be a treatable cause of
hyperhomocysteinemia, and as fasting t-Hcy is associated
with a significant increased relative risk of coronary artery
disease, measurement of t-Hcy to screen this dynamic
association of cardiovascular risk factors during
hypothyroidism may be of interest.
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