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Hyperhoniocysteinemiaa is a risk factor for premature atherosclerotic vascular disease 

andd venous thrombosis. The aim of the present study was to assess plasma 

homocysteinee concentrations in hypo- as well as hyperthyroid patients before and after 

treatment,, and to evaluate the role of potential determinants of plasma homocysteine 

levelss in these patients. Methods: 500 hypothyroid and 46 hyperthyroid patients were 

studiedd in the untreated state and again after restoration of euthyroidism. Fasting plasma 

levelss of homocysteine and its putative determinants (plasma levels of free thyroxine 

(fTT ), folate, vitamin B p , renal function, sex. age, smoking status and the C677T 

polymorpismm in the methylenetetrahydrofolate reductase (MTHFR) gene were measured 

beforee and after treatment. Results: Restoration of the euthyroid state decreased both 

homocysteinee (17.6+10.2 to 7 umol/L; p<0.0()5) and creatinine 0 to 

69.8  14.2 umol/L: p<0.(X)5) in hypothyroid patients and increased both homocysteine 

(11 5 to 3 umol/L; p<0.0()5 ) and creatinine (49.0  15.4 to 66.5  15.0 

umol/L:: p<0.005) in hyperthyroid patients f values as . Folate levels were 

lowerr in the hypothyroid group compared to the hyperthyroid group 4 and 

15.11 6 nmol/L: p<0.05). Pretreatment homocysteine levels correlated with log fT4 

(r== - 0.47), folate (r= - 0.21). plasma creatinine (r=0.45) and age 0-0.35) but not with 

C677TT genotype. Multivariate analysis indicated that pretreatment log (rT4) levels and 

agee accounted for 289r the variability of pretreatment homocysteine (Hey - 14.2 - 5.50 

logg (rT4) + 0.14 age). After treatment, the logarithm of the change (D) in fT4. expressed 

ass the fT posttreatment/ fT pretreatment ratio, accounted for 299c of the variability in 

changee of homocysteine (D homocysteine = - 0.7 - 6.35 log D fT )); there was no 

independentt contribution of changes in creatinine which was. however, strongly related 

too changes in homocysteine (r= 0.61). Conclusions Plasma homocysteine concentrations 

increasedd in hypothyroidism and decreased in hyperthyroidism. Plasma 1T4 is an 

independentt determinant of homcKysteine concentrations. Lower folate levels and a lower 

creatininee clearance in hypothyroidism, and a higher creatinine clearance in hyperthyroidism 

doo explain only partially the changes in homocysteine. 
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Determinantss of changes in plasma homocysteine in hyperthyroidism and hypothyroidism 

INTRODUCTION N 

Homocysteinee is a sulfur-containing amino acid which in humans can only be derived 

fromm the metabolism of the essential amino acid methionine. Sources of methionine are 

thee diet and the endogenous protein catabolism. Homocysteine is metabolized by one of 

twoo pathways: remethylation or transsulfuration (see figure 1). In the remethylation 

cycle,, homocysteine is salvaged by the acquisition of a methyl group in a reaction 

catalyzedd by methionine synthase. Vitamin B p is an essential cofactor for methionine 

synthase.. 5-methyl-tetrahydrofolate is the methyldonor in this reaction and 

methylenetetrahydrofolatee reductase (MTHFR) regulates the remethylation process. 

Underr conditions in which an excess of methionine is present or cysteine synthesis is 

required,, homocysteine enters the transsulfuration pathway. Elevation of plasma 

homocysteinee (hyperhomocysteinemia) is associated with an increased risk for premature 

atheroscleroticc vascular disease, venous thrombosis and neural tube defects (1). 

Hyperhomocysteinemiaa is caused by genetic defects (deficiencies of cystathionine b-

Tetrahydrofolate e 

Methylene e 
tetrahydrofolate e 

__/ / 
Methylene--
tetrahydrofolate e 
reductase e 

Methyltetrahydrofolate e 

Remethylationn Cycle 

Figurel.. Metabolism of homocysteine. 
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synthase,, methionine synthase or MTHFR). nutritional deficiencies of vitamins (folate, 

vitaminn B p or vitamin Bft). diseases like renal failure, pernicious anemia, carcinoma 

(breast,, ovarian, pancreatic) or leukemia, drugs interfering with folate metabolism 

(methotrexate,, phenytoin. theofyllin. trimethoprim) and cigarette smoking (1). 

Hypothyroidismm has been reported to cause mild hyperhomocystenemia as well (2-4). 

Thee mechanism by which hypothyroidism causes mild hyperhomocysteinemia is not 

clearr but altered remethylation is likely involved. The following observations support 

thiss assumption: in hypothyroid rats MTHFR activity in liver is markedly decreased (5): 

complexx changes in folic acid metabolism occur in thyroid dysfunction with increases in 

tetrahydrofolatee and decreases in methyltetrahydrofolate in hypothyroid rat liver (6): 

impairedd renal function develops in hypothyroidism and may contribute to the 

hyperhomocysteinemiaa by defective total body remethylation (7). 

AA common genetic variant of MTHFR has recenly been identified (8). It is caused by 

aa point mutation (C677T) leading to the substitution of valine for alanine which results 

inn a thermolabile and less active form of the enzyme. Patients who carry the mutation 

appearr to have an exaggerated hyperhomocysteinemic response to the depletion of folic 

acidd (9,10). The homozygotic mutation is present in 8.4 % of the general Dutch population 

(11).. Both the homozygote (677TT) and heterozygote (677CT) genotypes result in 

elevatedd plasma homocysteine levels. In a large cohort of male patients with coronary 

arteryy disease plasma homocysteine concentrations in the 677TT and 677CT groups 

weree 2.8 umol/L and 0.8 umoI/L higher than in the 677CC group (12). The 677TT 

genotypee is a modest risk factor for neural tube defects (13) and possibly for coronary 

arteryy disease (12). 

Thee aims of the present study were to assess plasma homocysteine concentrations in 

hypo-- and hyperthyroid patients before and after treatment, and to evaluate the role of 

potentiall  determinants of plasma homocysteine levels in these patients (such as plasma 

levelss of folate, vitamin Bp . renal function, sex, age, smoking status and the C677T 

polymorpismm in the MTHFR gene). To this end patients were followed during the transition 

fromm the untreated hypo- or hyperthyroid to the euthyroid state, and fasting plasma 

levelss of homocysteine and its putative determinants were measured before and after 

treatment,, in addition to the MTHFR genotype. 
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Determinantss of changes in plasma homocysteine in hyperthyroidism and hypothyroidism 

PATIENTSS AND METHODS 

Patients s 

Consecutivee patients referred to our out-patient clinic were included: 50 with primary 

hypothyroidismm and 46 with primary hyperthyroidism (Table 1). The cause of 

hypothyroidismm was chronic autoimmune thyroiditis (n-33). I'1 I treatment (n-12), 

thyroidectomyy <n=3). prolonged overdose of thiamazol (n=l) and subacute thyroiditis 

(n=l).. Subclinical hypothyroidism was present in 8 and overt hypothyroidism in 42 

patients.. Causes of hyperthyroidism were Graves' disease (n=35), toxic multinodular 

goiterr (n=10) and toxic adenoma (n=l). Subclinical hyperthyroidism was present in 2 

andd overt hyperthyroidism in 44 patients. 

Tablee 1. Demographic data for hypo- and hyperthyroid patient groups. N=numbcr 

Hyperthyroid d 

46 6 
38(22-77) ) 
8 (177) ) 
17(377) ) 
36/4/6 6 

Nonee of the patients was on a special diet or used nutritional supplements; they did not 

usee any medication known to interfere with thyroid hormone or homocysteine metabolism; 

womenn using oral anticonceptives (4 in the hypothyroid group and 7 in the hyperthyroid 

group)) continued to do so until the end of the study. Current smokers were noted as 

smokers;; height and body weight were recorded. 

Al ll  patients were studied twice: once in the untreated state, and again three months 

afterr achieving the euthyroid state. Treatment was with levothyroxine sodium in case of 

hypothyroidismm or with antithyroid drugs or IM I in case of thyrotoxicosis. Blood samples 

weree collected after an over-night fast by venipuncture into evacuated tubes containing 

eitherr EDTA (1 g/L) as an anticoagulant for measurement of homocysteine, or sodium 

heparinatee as an anticoagulant for thyroid hormone measurements, folate, vitamin B p 

andd creatinine. 

Thee study was approved by the institutional Medical Ethical Committee and patients 

eavee their written informed consent. 

N N 
agee (years) 
NN males 
NN smokers 
NN Caucasian/black/ asian n 

Hypothyroid d 

50 0 
45(23-79) ) 
13(267) ) 
19(387) ) 
45/2/3 3 
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Methods s 

AnalysisAnalysis of plasma homocysteine, folate, vitamin B , creatinine and thyroid function. 

Totall  homocysteine concentrations were determined in EDTA plasma by high 

performancee liquid chromatography using sodium borohydride for reduction of the SH 

groupp and monobromobimane for derealization and subseqent fluorescence detection 

ass described (14). Detection limit 0.5 mmol/1. Inter and intra-assay variation coefficients 

weree less than 6.59c. 

Plasmaa folate and plasma vitamin B p were measured by radioassay (Dualcount solid 

phasee no boil assay. Diagnostic Products Corporation, Los Angeles. USA). 

Serumm creatinine was measured by an automated enzymatic method and creatinine 

clearancee (C ) was calculated using the Cockcroft and Gault formula : C T (ml/min)=[140-

agee (yr) | x weight (kg) / |0.81x creatinine (umol/L) ]. For women this value was 

multipliedd by 0.85 

Thyroidd hormones, total T4 and total T, were measured by in-house RIA methods 

(15).. Free T4 was measured by a two step FIA (DELFIA. Wallac. Turku. Finland). 

Thyrotropinn <TSH) was measured by IFMA (DELFIA. Wallac. Turku. Finland), detection 

limi tt O.OlmU/L. Hypothyroidism was defined as an increased plasma TSH (reference 

rangee 0.4-4.0 mU/1). Hyperthyroidism was defined as a decreased plasma TSH in 

combinationn with an increased plasma free T4 (reference range 10-23 pmol/1) or total T, 

(referencee range 1.3-2.7 nmol/1). The euthyroid state for previous hypothyroid patients 

wass defined as a normal TSH in combination with a normal plasma free T4 and total T,. 

forr previous thyrotoxic patients as a normal plasma free T4 and total T, in the absence of 

ann increased TSH. 

GeneticGenetic analysis of polymorphisms 

Genomicc DNA was extracted from peripheral leucocytes according to standard 

proceduress (16). PCR was performed with primer sets and under conditions as reported 

(8).. The frequency of the presence of the C677T mutation creating a Hinf\ site amounts 

 3\9c in a Dutch population (II) . The PCR products were digested with restriction 

endonucleasee Hinf 1 (Boehringer). The digests were electrophoresed on 49c agarose 

gels,, stained with ethidium bromide and visualized with UV detection (Eagle Eye II. 

Stratagene).. Absence of the restriction site was noted as 677 CC and presence as 677CT 

(heterozygous)) or 677TT (homozygous). 

StatisticalStatistical analysis 

Dataa were analysed using the statistical package SPSS, version 6.0. Values for thyrotropin 

aree eiven as median and ranee because of the skewed distribution of the data. Data in 
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thee transition from the hypo -or hyperthyroid state to the euthyroid state were compared 

byy paired or unpaired Students /-test when appropiate. 

First,, in order to study potential determinants of plasma homocysteine levels in the 

untreatedd state, pretreatment plasma values of fT4, folate, vitamin Br and creatinine, 

thee calculated creatinine clearance as well as the demographic characteristics age, sex 

andd smoking status and the genotype of the C677T polymorphism of the MTHFR gene 

weree correlated with pretreatment values of homocysteine. Values of IT were log 

transformed.. Determinants that correlated with a p value < 0.10 were entered in a 

forwardd multiple linear regression model. 

Thereafter,, in order to disclose those variables which contribute to changes in 

homocysteinee (Hey) upon restoration of the euthyroid state, the differences (A) between 

pre-- and posttreatment values for Hey. folate, vitamin B p . creatinine and C r were 

calculated.. Differences in fT were expressed as the logarithm of the fT4 posttreatment / 

fTT pretreatment ratio. Pearson correlation coefficients were calculated for the relationship 

betweenn A Hey on the one hand and log (A fT4). A folate. A vitamin Bp , A creatinine 

andd A C respectively on the other hand. Again, those variables that correlated with a p 

valuee < 0.10 were entered in a forward multiple linear regression model. 

AA two-tailed probability value less than 0.05 was considered to be a significant difference. 

RESULTS S 

Thyroidd function tests are presented in Table 2 as well as the plasma concentrations oï 

homocysteinee and some of its known determinants. Plasma homocysteine and creatinine 

inn the hypothyroid patients were higher and plasma folate was lower than in the 

hyperthyroidd patients. Plasma homocysteine and creatinine decreased in the hypothyroid 

andd increased in the hyperthyroid patients after restoration of the euthyroid state: plasma 

vitaminn B p changed only in the hypothyroid patients after treatment. In the euthyroid 

state,, no differences were noted between the previously hypothyroid or hyperthyroid 

patients,, neither in thyroid function nor in plasma homocysteine or any of its measured 

determinants. . 

Thee + allele frequency for the C677T MTHFR polymorphism in our 96 patients was 

299r.. in agreement with the published value of . The influence of MTHFR 

genotypess (wild type 677CC. heterozygous 677CT. homozygous 677TT) on pretreatment 

homocysteinee concentrations for both hypo- and hyperthyroid patient groups is illustrated 

inn fit: 2. Pretreatment homocysteine levels did not differ anions the different C677T 
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Taa Wc 2. Plasma concentrations of thyroid hormones, homocysteine (Hey), folate, vitamin Bp. creatinine 
(creat)) and creatinine clearance (C ) in 50 hypothyroid and 46 hyperthyroid patients, before and after restoring 
thee euthyroid state. Values are civen as . but forTSH given as median (range) 

TSHH (mUAL) 
T44 (mnol/L) 
fTa(pmol/L) ) 
T,, (nmol/L) 

Hcy(umol/L) ) 
folatee (nmol/L) 
vitBp(pmol/L) ) 
creatt (umol/L) 
CC (nnJ/min) 

Hypothyroid d 

65.5(4.5-162) ) 
4 4 
0 0 

1.2+0.6 6 

17.6+.10.2* * 
4 4 

335+187 7 
s s 

" " 

Euthyroid d 

2.5(0.2-10.7) ) 
0 0 

16.5+3.8 8 
1.8+0.5 5 

13.0+4.7" " 
13.3+5.6 6 
303+119" " 
69.8+14.2' ' 
118+54" " 

Hyperthyroid d 

0.011 (0.01-0.06) 
5 5 

49.5+16.1 1 
4 4 

10.7+2.5 5 
15.11 6 
341+139 9 

4 4 
9 9 

Euthyroid d 

1.0(0.01-8.3) ) 
124+37 7 

8 8 
2.1+0.7 7 

13.4+3.3-' ' 
13.7+6.6 6 

6 6 
" " 

120+.41' ' 

Forr comparison within groups : ' p < 0.005.h p= < 0.05 
Forr comparison between hypo- and hyperthyroid groups; " p < 0.005. p= < 0.05 

genotypes,, neither within the hypothyroid group (with the lowest folate levels ) nor 
withinn the hyperthyroid group (Table 3). The number of the 677TT genotypes was 
howeverr small. 

Univariatee analysis showed that pretreatment homocysteine levels con-elated with 
pretreatmentt values for log (fT4) (r= - 0.47. p=0.0001), folate (r= - 0.21. p= 0.05). 
creatininee (r= 0.45. p=0.0001). age 0-0.35. p=0.0004) and the 677CT genotype (r=0.18. 
p=O.08ll  respectively. Scatter plots for the continuous variables are given in fig 3. Forward 

7 0 --

600 -

50 0 

££ 30 

OO = 677CC 

 = 677CT 

**  = 677TT 

0 ** 0 * 

11 5 10 50 100 

plasmaa fT4 (pmol/L) 

Figuree 2. Relationship between pretreatment plasma 1T4 and pretreatment plasma homocysteine (Hey) 
concentrationss across (C677T) MTHFGR genotypes in 50 hypothyroid and 46 hyperthyroid patients. 
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Tablee 3. Pretreutment plasma homocysteine (Hey) concentrations across (C677T) MTHFR genotypes in 
500 hypothyroid and 46 hyperthyroid patients. 

Hypothyroidismm Hyperthyroidism 

6777 CC 677 CT 677 TT 677 CC 677 CT 677 TT 

Numberr 25 21 4 27 12 7 
Hcy(umol/L)) 16.5+8.8 4 8 7 10.5+2.7 10.5+1.2 

Differencess tested with ANOVA: within hypothyroid group: p = 0.42; within hyperthyroid group p = 0.85 

multiplee regression analysis with pretreatment homocysteine as dependent and log (fT ), 

folicc acid, creatinine, age and the 677CT genotype as independent variables led to the 

followingg equation: Hey = 14.2 - 5.50 log(fT4) + 0.14 age. Determination of the residual 

summ of squares (RSQ) in this regression analysis showed that log (fT4) and age accounted 

_i i 
~c c 
E E 

>
X X 

B00 -

70 0 

600 -

50 0 

40 0 

30 0 

20 0 

100 -

Heyy = 21.8 - 6.61 [logfTJ (pmol/L) 

r«-0.477 0 

pp = 0.0001 

55 10 50 

fT44 (pmol/L ) 

"5 5 
E E 

> > 
u u 

X X 

HOO -

700 -

600 -

500

400 -

300 -

200 -

100 -

Heyy = 4.6 + 0.14 (c rea t in ine) 

P P 

== 0 45 

== 0.0001 

o o 

$ $ 

o o 

o o 

o o 

««
II o o 

0 0 

0 0 
00 o 

255 50 755 100 

creat in inee (L,mol/L) 

1255 150 

"öö 50 
E E 

Hcyy = 17.6 -0.24 (folate) 

r== -0.21 

pp = 0.05 

fo latee (nmol /L) 

öö 50 
E E 

Hcyy  5.0 + 0.21 (age) 

ff = 0.35 

pp = 0.0004 

£009,0 0 
o o  o 

100 20 30 40 50 60 70 

agee (years ) 

Figuree 3. Graphic representation of the relationship in all 96 patients (50 hypothyroid and 46 hyperthyroid) 
betweenn pretreatment plasma homocysteine (Hcy) concentrations and its putative determinants fT,. creatinine, 
folatee and age. 
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forr 28% of the variability in Hey. There was no additional independent contribution of 

folicc acid, creatinine and 677CT genotype in this model. Plasma levels of creatinine 

correlatedd strongly with log(fT4) (r= - 0.77. p=0.0001) 

Afterr restoration of the euthyroid state, plasma homocysteine concentrations did not 

differr between previously hypo- or hyperthyroid patients 7 and 3 umol/ 

LL respectively). There was a linear relationship between changes in homocysteine 

concentrationss and log (A fT4) [r= - 0.68. p=0.0001], see fig 4. Two data points appeared 

too be outliers and were not included in the calculations. Also a linear relationship existed 

betweenn the changes in homocysteine and A creatinine [r= 0.61. p=0.0001 ]. see fig 4. 

\\ Hey = -0.07-4.94 log [ \ fTJ 1 Hey = -0.46 + 0.13 \ creat 

011 1 10 100 -60 -40 -20 0 20 40 

fT44 posttreatment / fT4 pretreatment ratio \ creatinine (umol/L) 

Figuree 4. Illustration of the relationship between changes in plasma homocysteine and changes in plasma 
fT44 and creatinine upon restoration of euthyroidism in 50 hypothyroid and 46 hyperthyroid patients. Changes 
inn plasma fT4 are expressed as the tT4 posttreatment / fT4 pretreatment ratio on a logarithmic scale. The IT 
posttreatmentt / fT4 pretreatment ratio is less than I (< 1) in the hyperthyroid and greater than I (> I) in the 
hypothyroidd group. 

Noo correlation was found between changes in homocysteine levels and changes in folate 

orr vitamin Bp . The changes in homocysteine correlated better with A creatinine than 

withh A C r(r= - 0.54. p=0.001). Forward multiple regression with changes in homocysteine 

ass dependent and log (A fT4) and A creatinine as independent variables led to the following 

equation:: A homocysteine = - 0.7 - 6.35 log (A 1T4). Determination of the residual sum 

off  squares (RSQ) in this regression analysis showed that log ( AfT4) accounted for 29% 

off  the varibility in ) homocysteine. There was no additional independent contribution of 

AA creatinine in this model. The changes in creatinine correlated strongly with the logarithm 

off  the changes in fT, (r= - 0.83. p=0.0001 ). 
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DISCUSSION N 

Plasmaa levels of homocysteine were increased in hypothyroidism and decreased in 

hyperthyroidismm relative to the euthyroid state. These longitudinal observations in our 

studyy extend the still limited knowledge on the relationship between plasma concentrations 

off  thyroid hormones and homocysteine. Ingenbleek et al found in patients with goiters 

duee to iodine deficiency a steady increase in homocysteine concentrations from 2.09 to 

3.533 jamol/L with increasing goiter size. The absolute homocysteine levels were low in 

theirr study population, indicating poor nutritional status. In cross sectional studies 

hypothyroidd patients had increased homocysteine levels compared to healthy controls in 

agreementt with our results (3.4). but homocysteine levels were similar in patients with 

hyperthyroidismm and in a reference group (3). 

Inn order to study IT as a determinant of homocysteine concentrations along a continuum 

fromm hypo-to hyperthyroidism, log transformation of fT4 values was applied. Folate 

levelss were lower in the hypothyroid patient group. An effect of the C677T mutation of 

thee MTHFR gene on homocysteine concentrations was not observed, but the number of 

patientss with the 677TT mutation was low. Any effect of this mutation might have been 

seenn in the hypothyroid patients with lower folate levels as the clinical expression of this 

mutationn leading to higher homocysteine values is more pronounced in conditions with 

loww folate levels. The slight decrease of vitamin B p levels after treatment of 

hypothyroidismm might be related to diminished utilization and a slower rate of depletion 

off  hepatic vitamin B p in thyriod hormone deficiency as found has been in hypothyroid 

ratss (17). 

Renall  function is a well known determinant of plasma homocysteine levels. Altered 

thyroidd function not only leads to changes in glomerular fi ltration rate but also to changes 

inn body weight and body composition. We therefore calculated creatinine clearance (C ) 

applyingg the Cockcroft and Gault formula to estimate more precisely renal function. 

However.. C r did not correlate better with homocysteine than plasma creatinine, apparently 

duee to a wide range of calculated clearances. Especially in young obese females the 

Cockcroftt and Gault formula seems to overestimate C considerably (C. 200-300 ml/ 

min).. In the statistical analysis creatinine was not an independent determinant of 

preteatmentt homocysteine levels. Independent determinants of pretreatment plasma 

homocysteinee concentrations in this study were fT4 and age. The increase of plasma 

homocysteinee concentration with advancing age is well known (18). 

Lookingg at the possible mechanisms involved in the change of plasma homocysteine 

concentrationss when thyroid function normalized, correlations between changes in 
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homocysteinee and changes in fT or creatinine were both significant, but only fT4 was 

ann independent determinant of changes in homocysteine. In this analysis two data points 

appearedd to be outliers (fig 4). After thorough inspection of the patient records no 

obviouss reasons to eliminate these data were present (in particular, they had no pernicious 

anemia).. Presented in the figures are the equations without these points in the analysis, 

becausee the relationships are clearly different at extreme values. 

Inn our study 29 ck of the variability in the change in homocysteine concentrations 

uponn restoration of the euthyroid state could be explained by the change in fT4. Although 

changess in creatinine and folate were not independent determinants of the changes in 

homocysteinee concentrations, it is obvious from a pathophysiological point of view, that 

thesee two factors and especially changes in plasma creatinine are causally involved in 

thee changes of plasma homocysteine in hyperthyroidism and hypothyroidism. 

Ass 70r/r of the variation in homocysteine changes remains unexplained, other factors 

mustt be taken into account. Thyroid hormones act by modulating gene expression and 

byy influencing a multitude of enzyme systems. Looking at fig I. many enzymes involved 

inn the pathways of homocysteine metabolism may be affected. From experimental studies 

itt is known that not only activities of enzymes that participate in folate metabolism such 

ass MTHFR but also activities of methionine synthase and cystathionine fJ-synthase are 

influencedd by thyroid hormone (6.19). Probably alterations in these enzymatic activities 

modulatee homocysteine levels in thyroid disease any further. 

Inn conclusion, plasma homocysteine concentration is increased in hypothyroidism and 

decreasedd in hyperthyroidism. Plasma fT4 is an independent determinant of the changes 

inn plasma homocysteine concentrations. Lower folate levels and a lower creatinine 

clearancee in hypothyroidism, and a higher creatinine clearance in hyperthyroidism do 

explainn only partially the changes in homocysteine. 
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