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Chapterr 4 

ABSTRAC T T 

Thyroidd function disorders lead to changes in lipoprotein metabolism. Both plasma LDL-

andd HDL cholesterol increase in hypothyroidism and decrease in hyperthyroidism. 

Changess in LDL-C relate to altered clearance of LDL particles due to changes in 

expressionn of LDL receptors on liver cell surfaces. Changes in cholesterol ester transfer 

activityy partly explain changes in HDL-C. It has been suggested that the magnitude o[' 

thesee changes is related to polymorphisms of involved genes. 

Thee aim of the present study is to investigate if the polymorphic AvaU restriction site 

inn exon 13 of the LDL receptor gene and the polymorphic Taq 1B site in intron 1 of the 

cholesteroll  ester transfer protein (CETP) are associated with the magnitude of the changes 

inn plasma LDL-C and HDL-C respectively, in the transition from the hypo- or 

hyperthyroidd to the euthyroid state. 

Methods.. From a consecutive group of 66 untreated hypothyroid and 60 hyperthyroid 

patients.. 47 Caucasians in each group were analysed. Fasting LDL-C and HDL-C 

weree measured at baseline and three months after restoration of the euthyroid state. 

Genotypee was determined by means of PCR techniques. The homozygous presence of 

aa restriction site was designated as +/+. heterozygous as +/- and absence as -/-. Trend 

analysiss was done with ANOVA. 

Results.. Among hypo- or hyperthyroid patients, subgroups with different genotypes 

didd not differ in thyroid function pre- or posttreatment. The mean decrease in LDL-C 

)) in hypothyroid patients with different AvaU genotypes did not differ: -

: : 

neitherr did the mean increase in hyperthyroid patients: 0 (-/- N= 18). ! .(X) 

(+/-- N=21). 5 (+/+ N=6) (NS). The mean decrease in HDL-C ) 

inn hypothyroid patients with different Taq\ B genotypes did not differ 6 (-/-

N=ll  3). -0.15+0.23 (+/- N=21). 2 (+/+ N=9) (NS): neither the mean increase 

inn hyperthyroid patients 9 (-/- N=7). 3 {+/- N=22) and 0.19+0.31 

{+/++ N=l 8) (NS). Changes in LDL-C and HDL-C correlated with the logarithm of the 

changee in tTa (expressed as the fT posttreatment / tT pretreatment ratio). r= -0.81. 

p<0.00ll  and r= -0.62, p<0.001 respectively. 

Inn conclusion, in the transition from hypo- or hyperthyroidism to euthyroidism no 

associationn is found betweem4iwll genotype and changes in plasma LDL-C nor between 

TaqTaq 1 B genotype and changes in HDL-C. Changes in LDL-C and HDL-C correlate 

withh chanties in tT,. 
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INTRODUCTION N 

Itt is well known that thyroid dysfunction leads to changes in lipoprotein metabolism. 

Plasmaa low density lipoprotein cholesterol (LDL cholesterol) and high density lipoprotein 

cholesteroll  (HDL cholesterol) levels increase in hypothyroidism and decrease in 

hyperthyroidismm '"\ Furthermore clearance of chylomicron remnants is decreased in 

hypothyroidism4.. Changes in LDL cholesterol are mainly due to altered clearance of LDL 

cholesteroll  from plasma by changes in the number of LDL receptors on liver cell surfaces 
y<y<\\ As the promoter of the LDL receptor gene contains a thyroid hormone responsive 

elementt (TRE). triiodothyronine (T\) could modulate gene expression of the LDL receptor 
11.. HDL cholesterol metabolism is complex and changes in plasma levels are in part due to 

remodellingg of HDL cholesterol particles by hepatic lipase (HL) and cholesterol ester 

transferr protein (CETP) s. Activity of both enzymes decreases in hypothyroidism and 

increasess in hyperthyroidism, correlating with plasma HDL cholesterol  t,'i:. 

Thee magnitude of changes in plasma LDL cholesterol and HDL cholesterol levels 

afterr restoration of the euthyroid state varies from patient to patient '. The extent of 

thesee changes depends both on the severity and duration of the thyroid dysfunction and 

onn the degree of pre-treatment hypercholesterolaemia l-,-'\ Diet, body weight and smoking 

habitss can also modify absolute LDL cholesterol levels 1(> ,T. In addition to these endocrine 

andd environmental factors, genetic constitution can explain some of the interindividual 

variation.. An association between a polymorphic AvaW site in exon 13 of the LDL-R 

genee and the extent of cholesterol lowering upon restoration of the euthyroid state in 

hypothyroidd patients has been reported IK. Absence of this site was associated with the 

mostt marked hypocholesterolemic response. A polymorphic site explaining variations in 

plasmaa HDL cholesterol during thyroid dysfunction is not known. A candidate could be 

thee TaqlB site in intron 1 of the cholesterol ester transfer protein (CETP) gene, as 

presencee of this site is associated with increased CETP concentrations and reduced 

HDLL cholesterol concentrations in healthy males l9. 

Thee aim of the present study is to re-examine the association between the Avail site 

andd changes in LDL cholesterol in hypothyroidism upon restoration of the euthyroid 

state,, and to evaluate if this association is also observed in hyperthyroid patients. At the 

samee time we studied the relationship between the Tcu/IB site and the changes in plasma 

HDLL cholesterol level in these patients. 
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PATIENTSS AND METHODS 

Patients s 

Consecutivee patients with primary hypothyroidism (n=66) or with primary 

hyperthyroidismm (n-60) referred to our out-patient clinic were studied. To have a 

geneticallyy more homogeneous group we included only Caucasians in the final analysis. 

Inn the hypothyroid group 7 patients were non-Caucasians. 6 patients were lost to 

followw up. 6 patients had no Avail genotyping and 10 had no TaqIB genotyping: 

consequentlyy 47 patients (median age 45 yr, range 23-75:13 males) were available for 

analysiss oi Avail and 43 patients (median age 45 yr. range 23-75; 11 males) for analysis 

off  Taq 1B polymorphism. The cause of hypothyroidism was chronic autoimmune thyroiditis 

(n=31).. Ml I treatment (n=12). thyroidectomy (n=2). prolonged overdose of thiamazol 

(n-1)) and subacute thyroiditis (n=l). Subclinical hypothyroidism was present in 7 and 

overtt hypothyroidism in 40 patients. 

Inn the hyperthyroid group 12 patients were non-Caucasians. 1 patient was lost to 

followw up and 2 patients had no Ava II genotyping. leaving 45 patients (median age 47 

yr.. range 20-77; 7 males) for Avail and 47 (median age 47, range 20-77. 9 males) for 

TaqTaq IB polymorphism analysis. Causes of hyperthyroidism were Graves' disease (n=32). 

toxicc multinodular goiter (n= 14) and toxic adenoma (n=l). Subclinical hyperthyroidism 

wass present in 6 and overt hyperthyroidism in 41 patients. 

Nonee of the patients was on a special diet or used any medication known to interfere 

withh lipoprotein metabolism: women using oral anticonceptives. 4 in the hypothyroid 

groupp and 7 in the hyperthyroid group continued to do so until the end of the study. 

Smokingg habits were noted as well as length and body weight. 

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

monthss after achieving the euthyroid state. Treatment was with levothyroxine sodium in 

casee of hypothyroidism or with antithyroid drugs or l3' I in case of thyrotoxicosis. Blood 

sampless were collected after an over-night fast by venipuncture into evacuated tubes 

containingg either EDTA (I g/L) as an anticoagulant for measurement of lipid profiles, or 

sodiumm heparinate as an anticoagulant for thyroid hormone measurements. 

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

gavee their written informed consent. 

Methods s 

PlasmaPlasma lipids and thyroid function. 

T44 and total T, were measured by in-house R1A methods :". FT4 was measured by a 

twoo step fluoro immuno assay (DELFIA. Wallac. Turku, Finland). TSH was measured 
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byy IFMA (DELFIA. Wallac, Turku. Finland). Hypothyroidism was defined as an increased 

plasmaa TSH. Hyperthyroidism was defined as a decreased plasma TSH (reference 

rangee 0.4-4.0 mU/1) in combination with an increased plasma free T4 (reference range 

10-233 pmol/1) or total T, (reference range 1.3-2.7 nmol/1). The euthyroid state for previous 

hypothyroidd patients was defined as a normal TSH in combination with a normal plasma 

freee T4 and total T r for previous thyrotoxic patients as a normal plasma free T4 and total 

T,, in the absence of an increased TSH. Total cholesterol in plasma was measured with 

ann enzymatic method (CHOD-PAR cat no 1442350. Boehringer. Almere, The Netherlands) 

onn a Cobas Bio centrifugal analyzer (Roche. Mijdrecht. The Netherlands), HDL cholesterol 

(afterr precipitation of VLDL cholesterol and LDL cholesterol with heparin-Mn2+) by the 

enzymaticc CHOD-PAP method. LDL cholesterol was calculated with the Friedewald 

formula,, triglycerides were measured by an enzymatic method (GPO-PAP. cat no701912. 

Boehringer.. Almere. The Netherlands), apolipoprotein A-l and B were assayed with an 

immunonephelometricc method on a Behring nephelometric analyzer (Behring Diagnostics, 

Rijswijk.. The Netherlands) according to the protocol and with reagents of the 

manufacturer. . 

GeneticGenetic analysis of polymorphisms 

Genomicc DNA was extracted from peripheral leucoctyes according to standard 

proceduress 2I. PCR was performed with primer sets and under conditions as reported ::™\ 

Thee PCR products were digested with restriction endonuclea.se/lvf/II (Anabaena variabilis) 

orr TaqlB (Thermophilus aquatus) (Boehringer). The digests were electroforesed on \ck 

agarosee gels, stained with ethidium bromide and visiulazed with UV detection (Eagle Eye 

II .. Stratagene). Absence of the restriction site was noted as (-) and presence as (+)

StatisticalStatistical analysis 

Dataa were analysed using the statistical package SPSS, version 6.0. TSH values are 

givenn as median and range because of the skewed distribution of the data and were 

analysedd by Kruskall Wallis test. Paired data on lipoproteins in the transition from the 

hypoo -or hypcrthyroid state to the euthyroid state were compared by Student's /-test. 

Dataa on thyroid function tests and lipoproteins between groups with different genotypes 

weree compared by means of ANOVA. Al l patients, whether hypo- or hyperthyroid. 

weree analysed together, along a continuum of D 1T4 (expressed as the fT4 posttreatment 

// fT pretreatment ratio). Multivariate linear regression analysis of ) LDL cholesterol on 

logg (D IT ). was performed with different intercepts and slopes for each Avail genotype. 

Multivariatee analysis of variance (F-test) was used to test wether the three separate lines 

coincided.. The same type of analysis was used to study the relationship between D 
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HDLL cholesterol, log (D tT4) and Tcu/\B genotype. A two-tailed probability value less 

thann 0.05 was considered to be a significant difference for the F-test (major endpoint). 

AA two-tailed probability value less than 0.01 was considered to be a significant difference 

forr all other comparisons. 

RESULTS S 

Changess in thyroid function tests, lipids. lipoproteins and BMI for the hypo- and 

hyperthyroidd patient groups are given in table 1. According to the direction of thyroid 

dysfunctionn the typical changes in plasma LDL- and HDL cholesterol levels were observed. 

Widee variations were seen in the individual lipid responses upon restoration of the 

euthyroidd state: changes in LDL cholesterol ranged from almost 0 to -5 mmoI/L and 

fromm -0.8 to 2.8 mmol/L in hypothyroid and hyperthyroid patients respectively. Changes 

inn HDL cholesterol varied from +0.3 to -0.75 mmol/L and from -0.25 to + 1 mmol/L in 

hypothyroidd and hyperthyroid patients respectively. 

Thee frequency of the presence of an Avail site was 43% in a Caucasian American 

populationn 22:4 and the frequency of the presence of a Tag IB site amounts 59c/c in a 

Tablee 1. Changes in thyroid function tests, plasma lipids & lipoproteins and body mass index in 47 hypothyroid 
andd in 47 hyperthyroid patients upon restoration of euthyroidism. 

TSH H 
tT4 4 

T ; ; 

totall  cholesterol 
LDLL  cholesterol 
HDLL  cholesterol 
totchol/HDL-chol l 
apoproteinn A 
apoproteinn B 
triglycerides s 

BMI I 

hypothyroidd (n 

untreated d 

66.0(4.5-1621 1 
7 7 

5 5 

2 2 
2 2 

1.60+0.44 4 
4.4+1.7 7 
1.59+0.26 6 

1 1 
1.25+0.94 4 

3 3 

=47) ) 

euthyroid d 

2.44 (0.18-8.5 r' 
16.3+3.7' ' 

" " 

;' ' 
' ' 

1.43+0.36-' ' 
4.0++ 1.3' 
1.53+0.24 4 
I.07+O.3O' ' 
1.14+0.66 6 

h h 

hyperthyroidd (n=47 ) 

untreated d 

«0.00 K-d 1.01-0.04) 
42.8+16.7 7 

3 3 

4.49+1.08 8 
2.69+3.70 0 

1.25+0.33 3 
3.7+1.0 0 
1.39+0.31 1 

7 7 
00 4l 

22.5+3.9 9 

euthyroid d 

1.0(0.011 -8.3 r 
' ' 

2.1+0.7' ' 

5.811 + 1.21' 
3.70+1.10' ' 
1.48+0.42' ' 

h h 

1.57+0.33' ' 
1.13+0.3O' ' 
1.32+0.61' ' 

' ' 

Valuess as . except TSH given as median (range): a: p<0.005: b: p<0.01; c: p=0.05: d: p=0.02 versus 
thee untreated stage. TSH mLVL. IT. pniol/L. T nmol/L. total cholesterol mmol/L. LDL cholesterol mmol/L. 
HDLL cholesterol mmol/L. apoprotein A g/L. apoprotein B g/L. triglycerides mmol/L. BMI kg/m: 
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mm 1 2 3 4 5 6 7 

2500 b p -

+/++ +/- -/- -/- +/- +/+ 

LDLrr CETP 

Figuree 1. RFLP analysis. Left panel. The PCR product of exon 13 of the LDLr gene (480 bp) contains 
alwayss one Avail site resulting in fragments of 150 and 330 bps. When an extra (polymorphic) Avail site is 
presentt the 330 bp fragment yields fragments of 195 and 135 bps. M=marker lane, arrow indicates 250 bp. 
RightRight panel: The PCR product of intron 1 of CETP gene (1420 bp) has one Taq IB polymorphic site yielding 
bandss of 750 and 670 bp when a + allele is present. The bands are not fully separated on this example gel 
(arrow);; however this does not interfere with the ability to determine the specific genotype. 

healthyy male population 23. The observed frequencies of different alleles for the Avail 

andd TaqlB restriction sites in our total patient group (hypo- & hyperthyroid patients) 

weree 42% and 54% respectively. Typical examples of theAvall and TaqlB polymorphisms 

ass assessed by inspection of the gels are given in figure 1. 

Whenn hypothyroid and hyperthyroid patient groups were subdivided according to 

theirr Avail or TaqlB genotypes no differences in sex. age or smoking habits were found 

betweenn the different subgroups (table 2). Changes in thyroid function tests and BMI 

weree not different either (figures 2,3). The magnitude of the changes in LDL cholesterol 

andd apolipoprotein B did not differ among the Avail genotypes. Neither were there 

differencess between the degree of changes in HDL cholesterol, apolipoprotein A or 

triglyceridess among the 7a<y 1B genotypes. 

Whenn all patients, whether hypo- or hyperthyroid, were analysed together, along a 

continuumm of D fT4, (expressed as the fT, posttreatment / 1T4 pretreatment ratio) neither 

Availl  genotype was associated with the size of the difference in LDL cholesterol (p=0.24) 

levell  nor was TaqlB genotype associated with the size in difference in HDL cholesterol 

levelss (p=0.54). see figures 4 and 5; log (D fT4) correlated both with D LDL cholesterol 

(DD LDL cholesterol = 0.05 -2.20 log (D fT4), r= -0.81, p<0.001) and with D HDL 

cholesteroll  (D HDL cholesterol = 0.05 -0.36 log (D fT4), r= -0.62. p<0.001) 

61 1 



Chapterr 4 

Avai ll genotype LDL receptor gene 

=55 2 

E E 
E E 

oo u 

i --
0) ) *-> *-> 
<n <n 
a a 
OO -2 
o o 

-4 4 

pp = 0.24 

-66 -  r 
0.11 1 10 

fT.. posttreatment / fT4 pretreatment ratio 

100 0 

Figuree 4. Relationship between the change (D) in plasma IT (expressed as the fT4 posttreatment / IT. 
pretreatmentt ratio on a logarithmic scale) and the change in plasma LDL cholesterol in 47 hypothyroid (open 
symbols)) and 47 hyperthyroid (solid symbols) patients upon reaching euthyroidism, according to their Avail 
genotypess of the LDL receptor gene. Regression line for the total group: D LDL cholesterol = 0.05 - 2.20 log 
(DD fT4); r= -0.81, p<0.001. The IT4 posttreatment / 1T4 pretreatment ratio is less than I (< l) in the hyperthyroid 
andd greater than I (> I) in the hypothyroid group. 

o o 

III III 
0) ) 

o o 

Q Q 
X X 

Taq lBB genotype CETP gene -;-- o 

pp = 0.54 

0.11 1 10 100 

fT44 posttreatment / fT4 pretreatment ratio 

Figuree 5. Relationship between the change (D) in plasma tT] (expressed as the IT4 posttreatment / fT4 

pretreatmentt ratio on a logarithmic scale) and the change in plasma HDL cholesterol in 43 hypothyroid (open 
symbols)) and 47 hyperthyroid (solid symbols) patients upon reaching euthyroidism. according to their TaqlB 
genotypess of the CETP gene. Regression line for the total group: ) HDL cholesterol =0.05 -0.36 log(D fT4); 
r== -0.62. p<0.00l. The fT4 posttreatment / IT4 pretreatment ratio is less than I (< I) in the hyperthyroid and 
greaterr than I (>l) in the hypothyroid group. 
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Tablee 2. Demographic characteristics of hypothyroid and hyperthyroid patients according 
too ,-\vr/II genotype of the LDL receptor and to Tat/\B genotype of CETP. 

genotype e 

Availl  LDL r 
NN (males) 
agee (yr) 
NN smokers 

TflölBB CETP 
NN (males) 
agee (yr) 
NN smokers 

hypothyroid d 

-/--

15(5) ) 
47(23-69) ) 
6(40%) ) 

13(4) ) 
42(28-65) ) 
8(65%) ) 

+/--

19(4) ) 
42(28-69) ) 
7(37%) ) 

21(5) ) 
47(23-75) ) 
8(38%) ) 

+/+ + 

13(4) ) 
50(28-75) ) 
5(38%) ) 

9(2) ) 
40(31-58) ) 
3(33%) ) 

hyperthyroid d 

-/--

18(5) ) 
47(25-71) ) 
8(44%) ) 

7(1) ) 
46(20-63) ) 
3(43%) ) 

+/--

211 (2) 
48(24-76) ) 
10(48%) ) 

22(6) ) 
38(23-76) ) 
9(41%) ) 

+/+ + 

6(0) ) 
43(20-77) ) 
2(33%) ) 

18(2) ) 
49(25-77) ) 
8(44%) ) 

hypo thy ro idd hype r thy ro id Avai l genotype 

tO-i i 

33 5-

§§ . 
xx o 
CO O 
h--

<< -100-

-200--

i i .. st 
I I 

1 1 
11 "1 

hypothyro idd hyper thy ro id Avail genotype 

01 1 
'SS — -
OJJ ri 
OO Ö 

-gg Ê 0 

-JJ  I 
Q Q 
_l l 

'' -2 

-3 3 

en-/--

rtiirtii S1 S1 

|T T P P 
hypo thy ro idd hype r t hy ro i d Avai l genotype 

£ £ 

-2--

- r -- 1 1 + / -

T i ll "" 
r*T T 

hypo thy ro idd hype r t hy ro i d Avail genotype 
50-| | 

^^ • • • 

E E 
a. . 

Ü Ü 
0) ) 

** -25-

-50--

— 1 — !

hypo thy ro id d 

_i i 

2 2 
CD D 
OO o.oo 
Q. . 
a a 

^-^- -025 

- ;; = • • . 

-0.75 5 

1 1 . . T T 

m + / --
+ + 

11 1 * * 

l y p e r t h y r o i dd Avail genotype 

-r-- -r- a + 

aa s 

Figuree 2. Bar diagrams for changes (D) in fT.. LDL cholesterol, apolipoprotein B. and BMI according to 
previouss hypo- or hyperthyroid state and .3n/ll genotype of the LDLr. Changes in TSH given as Box and 
Whiskerr plots. 
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hypothyroid d hyperthyroid d TaqlBB genotype 

CD-h CD-h 

hypothyroid d 

ö i i 

hyperthyroid d '--::"-'--::"- :.-r type 

T T 
1 1 

hypothyroid d 

J U J T T 

hyperthyroidd TaqlB genotype 

rm-i-rm-i-
C-3+I-C-3+I-

3 - __ -

••• y. 

o.so--

^aa 0.25-
< < 
oo 0.00-
o. . 
r: r: 

^^ -0.25-

 5C 

-0.75--

hypothyroid d hyperthyroidd TaqlB genotype 

-11 = 

hypothyroid d hyperthryoid d TaqlBB genotype hypothyroidd hyperthyroid 

SI I 
.u11 ^ 

': ' ' -— — 

Figur ee 3. Bar diagrams for changes (A) in tT,. HDL cholesterol, apolipoprotein A. triglycerides 
andd BMI according to previous hypo- or hyperthyroid state and Taq I B genotype of CETP. 
Changess in TSH given as Box and Whisker plots. 

DISCUSSION N 

Thee variable extent of the changes in LDL cholesterol and HDL cholesterol upon 

restorationn of the euthyroid state in hypothyroid patients as observed in clinical practice 

existedd also in our patients. Changes in LDL cholesterol were however not associated 

withh the Avail polymorphism. This is in contrast with the results of Wisemann et al ' \ 

Comparedd to their study, our hypothyroid patients had a similar age and sex distribution 

andd the degree of hypothyroidism and changes in lipoproteins were equal. The frequency 

off  the presence of an Avail site in the hypothyroid patients was similar. To exclude an 

influencee of different genetic background due to different ethnicity we included only 
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Caucasianss in the final analysis. The ethnic origin of the Wisemann study group is not 

mentioned;; a different racial background of their patients might explain the discrepancy 

withh our study results. We extended our observations to hyperthyroid patients but could 

nott find a relationship either. This supports our conclusion that there is a lack of association 

betweenn Avail polymorpism and the magnitude of changes in LDL cholesterol at different 

plasmaa thyroid hormone concentrations. 

Thee hypothesis put forward by Wisemannn et al that the polymorphic Avail restriction 

sitee indicates a TRE in its surroundings is original, but highly speculative. The putative 

presencee of such a hormone response element far downstream the promoter site of the 

genee would be exceptional. Gene regulation outside the promoter site is a rather infrequent 

findingg in genes. Moreover recent studies have demonstrated a TRE in the promoter of 

thee LDL receptor gene7. What then might explain the clear differences in response of 

LDLL cholesterol to treatment between different patients ? Changes in diet or exercise 

aree unlikely explanations because this would imply a change in life style which probably 

doess not occur after diagnosing and treating a benign thyroid disease. Are there other 

candidatee genes that might influence the relationship between fT and LDL cholesterol ? 

Variationn in the gene coding for liver deiodinase type 1 might lead to different intracellular 

liverr concentrations of T, with equal plasma fT4 levels. Genetic variation at the TRE in 

thee promote site of the LDL receptor is another possibility 

Changess in HDL cholesterol were also independent of TaqIB polymorphism. This 

particularr polymorphic site was examined because it seems to be biologically relevant. In 

malee patients with coronary heart disease a relationship between the presence of this 

polymorphicc site and the decrease in vascular luminal diameter has been found, indicating 

fasterr progression of atherosclerosis compared to individuals in whom this site is absent. 

Thiss relationship disappeared after treatment with HMGCoA reductase inhibitors 2\ 

Suchh a biological significance is not known for the above mentioned Avail site. 

Inn conclusion, polymorphisms for Avail and Taq\B in the genes for low density 

lipoproteinn receptor and cholesterol ester transfer protein do not appear to influence the 

changess in plasma low- and high density lipoproteins occurring after treatment of hypo-

andd hyperthyroidism. The main determinant of changes in LDL - and HDL cholesterol 

uponn restoration of the euthyroid state are the changes in plasma fT . 
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