
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

T3, or no T3, that is the question : studies in the primary hypothydroidism and
major depression

Appelhof, B.C.

Publication date
2005

Link to publication

Citation for published version (APA):
Appelhof, B. C. (2005). T3, or no T3, that is the question : studies in the primary
hypothydroidism and major depression. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/t3-or-no-t3-that-is-the-question--studies-in-the-primary-hypothydroidism-and-major-depression(eb86f7a6-964c-4b25-be33-a2bf6071e767).html


Polymorphisms in type II deiodinase and 
their association with well-being, 

neurocognitive functioning and 
preference for combined 

T4/T3 therapy 

Bente C. Appelhof \ Robin P. Peeters 2, Wilmar M. Wiersinga \ Theo J. Visser2, 
Ellie M. Wekking 3, Jochanan Huyser3, Aart H. Schene 3, Jan G.P. Tijssen4, 

Witte J.G. Hoogendijk 5, Eric Fliers1 

; Department of Endocrinology and Metabolism, Academic Medical Center, University of 
Amsterdam, The Netherlands,2 Department of Internal Medicine, Erasmus University Medical 

Center, Rotterdam, The Netherlands, 3 Department of Psychiatry, Academic Medical Center, 
University of Amsterdam, The Netherlands'4 Department of Cardiology, Academic Medical 

Center, University of Amsterdam, The Netherlands,5 Department of Psychiatry, VU University 
Medical Center, Amsterdam, The Netherlands 

Submitted for publication 



ABSTRACT 

Introduction 

Some patients on levothyroxine replacement therapy display significant impairment in 

psychological well-being compared to sex- and age-matched controls. Levothyroxine-treated 

patients derive T3 predominantly from deiodination of T4 which, in the central nervous 

system, is regulated by type II deiodinase (DM). 

60 We investigated whether two recently identified polymorphisms in the Dll gene (DII-ORFa-

Gly3Asp and DII-Thr92Ala) are determinants of well-being and neurocognitive functioning. 

In addition we examined their association with a preference for replacement therapy with 

a combination of T3 and T4. 

Methods 

Genotypes for both polymorphisms were determined in 141 patients wi th primary 

autoimmune hypothyroidism, adequately treated with levothyroxine monotherapy. All 

outcome measures were determined during a randomized clinical trial comparing T4 therapy 

wi th T4/T3 combination therapy, before and after 15 weeks of study medication (T4 (n=48), 

T4/T3 in a 10:1 ratio (n=46) and T4/T3 in a 5:1 ratio (n=46)). 

Results 

Allele frequencies in patients wi th primary hypothyroidism were similar to those of healthy 

blood bank donors (32.0% vs. 33.9% for Dll- ORFa-Gly3Asp and 40.4% vs. 38.8% for Dll-

Thr92Ala). Dll polymorphism genotypes were not associated with measures of well-being, 

neurocognitive functioning or preference for combined T4/T3 therapy. 

Conclusion 

The DII-ORFa-Gly3Asp and DII-Thr92Ala polymorphisms do not explain differences in well-

being, neurocognitive functioning or appreciation of T4/T3 combination therapy in patients 

treated for hypothyroidism. 



INTRODUCTION 

Although most patients with hypothyroidism are adequately and satisfactorily treated with 

levothyroxine, a subset of patients remains with complaints. Indeed, a community-based study 

confirmed that patients on replacement therapy even with a normal TSH display significant 

impairment in psychological well-being compared to sex- and age matched controls (1). 

Furthermore, there is some controversy about the optimal treatment for hypothyroidism. In 

1999 a clinical trial reported that combined therapy with T4 and T3 resulted in improved 

mood, well-being and cognitive function compared with T4 alone and that the combination 

was preferred by most patients (2). Several subsequent studies however, did not confirm 

these results (3-6). Interestingly, a very recent clinical trial did report patients to have a 

subjective preference for combined therapy wi th a fixed ratio of T4 and T3 over T4 

monotherapy, but this outcome in favor of T4/T3 therapy was not reflected in any of the 

secondary outcome measures, which included questionnaires on mood, fatigue, quality of 

life and general psychopathology, as well as a substantial set of neurocognitive tests 

addressing attention- and memory functions (7). At present, the issue whether combined 

T4/T3 treatment is superior to standard levothyroxine therapy, remains incompletely 

answered. It may well be that only a subgroup of patients benefits from combined therapy, 

which could explain these contrasting results. 

In patients on levothyroxine therapy, T3 is presumed to be exclusively derived from T4, as 

the production of T3 by the thyroid gland is absent. In the central nervous system, conversion 

of T4 to T3 is regulated by outer-ring deiodination by type II deiodinase (Dll). Recently two 

polymorphisms in the Dll gene have been identified: DII-Thr92Ala and DII-ORFa-Gly3Asp 

(8;9). 

Subtle changes in enzyme activity that may be linked to these Dll polymorphisms may have 

important consequences for the T3 availability in the central nervous system. From studies 

on subclinical hypothyroidism it is known that subtle changes in thyroid hormone bioactivity 

may have clear effects on well-being and neurocognitive functioning (10; 11). 

The first aim of this study was to investigate whether genotypes of these Dll polymorphisms 

are a determinant of well-being and neurocognitive functioning in hypothyroid patients on 

levothyroxine. Secondly, we examined whether these genotypes were associated with a 

preference for replacement therapy with a combination of T3 and T4. 



METHODS 

Study populat ion 

Blood was collected from 141 patients (18-70 years of age) with autoimmune primary 

hypothyroidism, all on adequate T4 replacement therapy for at least 6 months. Patients 

were required to have a serum TSH level between 0.11 and 4.0 mU/L, as determined a 

morning blood sample before levothyroxine intake. The patients, recruited from general 

practices in the cities of Amsterdam and Almere, all participated in a trial investigating 

62 whether substitution therapy with a T4/T3 combination in a fixed ratio increased well-being 

and neurocognitive functioning (7). Patients were randomized for treatment with T4/T3 in 

a weight ratio of 5:1, T4/T3 in a ratio of 10:1 or T4 alone (control group). Patients with a 

history of congenital hypothyroidism, hyperthyroidism, thyroidectomy, 131l-therapy or thyroid 

cancer were excluded. The protocol was approved by the institutional ethics review committee 

of the Academic Medical Center of the University of Amsterdam, and all patients provided 

wri t ten informed consent. 

Quest ionnaires 

Well-being of patients was measured by means of a set of self-report questionnaires at 

baseline, i.e. before study medication for the clinical trial was supplied. The set included the 

32-item Profile of Mood States Dutch shortened version (POMS), designed to monitor changes 

in mood states (12); the original Dutch version of the Multidimensional Fatigue Inventory 

(MFI-20), consisting of 20 questions and designed to measure (changes in) fatigue (13); the 

mental health and vitality subscales of the Rand 36-item Health Survey (Rand-36) (14); and 

the (Dutch version of) the Symptom Checklist (SCL-90), a 90-item self-report scale containing 

8 subscales, measuring multidimensional psychopathology (15). 

Neurocogni t ive measures 

Neurocognitive functioning was measured at baseline and included tests of attention and 

working memory (Digit Span subtest of the Wechsler Adult Intelligence Scale (WAIS-III) 

(16)), learning and memory (Dutch version of the Story Recall from the Rivermead Behavioural 

Memory Test (RBMT) (17; 18) and the Dutch adaptation of the California Verbal Learning 

Test (CVLT) (19;20)), psychomotor speed (Dutch adaptation of the Digit Symbol subtest of 

the WAIS-III) (16;21), speed of memory processing (Memory Comparison Task (MCT), 

computer version (22) and paper and pencil version (23) and attention (Dutch adaptation 



of the Paced Auditory Serial Attention Task (PASAT) (24;25). All tests were administered by 

a trained psychometrician, under supervision of a clinical neuropsychologist. 

Preference for T4 /T3 combined therapy 

Subjective appreciation of the study medication by the patient was rated after 15 weeks of 

study medication on a 5-point scale as much better, somewhat better, the same, somewhat 

worse or much worse compared with their usual T4 medication from before the trial. For 

the outcome analysis a dichotomy was made between those who preferred study medication 

over their usual medication (i.e. somewhat or much better), and those who did not. Study 

medication was preferred to usual treatment by 29,2%, 41,3% and 52,2% in the T4, 10:1 

ratio and 5:1 ratio groups, respectively (Chi square test for trend, p=0.024) (7). 

Biochemical measurements 

Baseline blood samples were collected in the morning, all patients were in fasting state and 

had not yet taken their usual dose of levothyroxine. Serum TSH and FT4 were measured by 

time-resolved fluoroimmunoassay (Wallac Oy, Turku, Finland), serum T4 and T3 by in-house 

RIA methods (26). Intra- and inter-assay coefficients of variation were 1-2% and 3-4% for 

TSH, 2-4% and 3-6% for T4, 4-6% and 5-8% for FT4, and 3-4% and 7-8% for T3, respectively. 

D N A isolation and genotyp ing 

DNA was extracted from 200 ul of blood using the MagNa Pure LC DNA Isolation Kit 1, blood 

cells high performance (Roche, Germany). DNA concentration was measured at 260nm by the 

GeneQuant (Pharmacia Biotech), and all samples were diluted to a concentration of 40 ng/ul 

(stock) and 5 ng/ul (work solution). Purity was determined by measuring the 260/280 nm ratio. 

Allelic discrimination was performed to determine genotypes in 5 ng genomic DNA, using 

the Taqman allelic discrimination assay (Applied Biosystems, Foster City, Calif). Primer and 

probe sequences were optimized by using the SNP assay-by-design service of Applied 

Biosystems (for details, see http://store.appliedbiosystems.com). Reactions were performed 

with the Taqman Prism 7900HT 384 wells format. 

Statistical analysis 

Data were analysed using SPSS 11.5 for Windows (SPSS Inc., Chicago, IL). Deviation from 

Hardy-Weinberg equilibrium was analyzed using a Chi-square test. Differences between 

groups were compared by means of %2 and analysis of variance (ANOVA) as appropriate. 

Statistical significance was defined as a 2-tailed P<0.05. 

http://store.appliedbiosystems.com


RESULTS 

64 

The allele frequencies of the Dll Thr92Ala variant and the ORFa variant in our population of 

T4-treated hypothyroid patients were 40.4% and 31.9%, respectively. The distribution of 

genotypes did not deviate from the Hardy-Weinberg equilibrium for either polymorphism. 

Table 1 shows the distribution of genotypes, sex, age and association with thyroid hormone 

parameters. No association was found between thyroid hormone parameters and either 

polymorphism. 

Table 1. Dll genotype frequencies and association with thyroid hormone parameters. 

Thr92Ala polymorphism 

Female (n. %) 
Age (yrs) 
TSH (mU/L)t 
T4 (nmol/L) 
FT4 (pmol/L) 
T3 (nmol/L) 

ORFa polymorphism 

Female (n. %) 
Age (yrs) 
TSH (mU/L)| 
T4 (nmol/L) 
FT4 (pmol/L) 
T3 (nmol/L) 

Wild Type 

(n=47) 

42 (89%) 
47.1 ±8.6 

1.1 (0.44-2.2) 
128 + 31 
14.5 ±2.9 
1.73 ±0.36 

(n=70) 

59 (84%) 
48.9 ± 10.5 

1.0(0.51-1.8) 
120 ±22 
14.8 ±3.2 

1.68 ±0.31 

Heterozygous 

(n=74) 

63 (85%) 
47.8+ 10.6 
1.0(049-2.1) 

123 ±22 
15.2 ±3.0 

1.72 ±0.30 

(n=52) 

44 (85%) 
48.1 ±8.9 

1.2 (0.52-2.5) 
126 ±25 
14.8 ±2.5 

1.77 ±0.35 

Homozygous 

(n=20) 

16(80%) 
52.4 ±8.1 

1.4(0.88-2.3) 
117 ± 18 
14.4 ±2.5 
1.71 ±0.36 

(n=19) 

18 (86%) 
45.9 ±9.1 

1.0(0.32-2.6) 
133 ±34 
15.1 ±3.0 
1.72 ±0.32 

Pt-

0.59 
0.10 
0.30 
0.23 
0.31 
0.96 

0.49 
p.49 
0.73 
0.12 
0.93 
0.36 

Data are presented as mean ± SD unless indicated otherwise. | Data are presented as median (25 and 75 
percentiles) and with statistical analysis after log-transformation to normalize distribution, f Chi-square for sex, 
ANOVA for other variables 

Table 2 shows the mean scores on questionnaires measuring several aspects of well-being 

for the three genotypes of each polymorphism. The group of patients homozygous for the 

Thr92Ala polymorphism consequently had the worst scores on all but one questionnaire 

subscales, but the difference between groups was only significant for one of the 21 subscales 

tested (POMS anger subscale). Concerning the ORFa polymorphism, in general the 

homozygous group had the most favorable questionnaire scores, but the mean questionnaire 

scores were not statistically different between the genotype groups. 

Table 3 shows the results of the neurocognitive tests in a similar manner. Of the Thr92Ala 

genotype groups, again, the homozygous group generally had the worst scores. However, 

the difference between the groups was only statistically significant for one of the 21 subtest 

scores (MCT paper & pencil version, 3 letter subtest). Among the three ORFa genotype 



Table 2. Dll genotypes and scores on well-being questionnaires 

POMS 
depression 

anger 
fatigue 
vigour 
tension 

MFI-20 
general fatigue 
physical fatigue 

reduced activity 
reduced motivation 
mental fatigue 

Rand-36 
vitality 
mental health 

SCL-90 
agoraphobia 
anxiety 
depression 
somatic complaints 

Wild Type 

5.2 ±6.7 
5.7 ±6.5 
10.1 ±7.2 
9.2 ±4.4 
5.7 ±6.2 

14.5 ±4.3 
12.4 ± 4.1 

10.9 ±4.9 
10.4 ±4.9 
11.9 ± 5.0 

45.8 ±22.0 
67.5 ± 20.0 

9.1 ±4.4 
15.5 ±6.6 

28.1 ± 12.1 
24.6 ±9.1 

insufficient functioning 18.8 ± 7.7 
paranoid ideation 
hostility 
sleeping 
total score 

27.7 ± 10.3 
8.4 ±3.3 
7.1 ±3.8 

152.5 ±54.4 

Higher scores indicate more com 
indicate more comp 

Thr92Ala 

Heterozygous 

5.2 ± 5.9 
6.4 ± 5.0 
10.1 ±6.5 
8.4 + 3.7 
6.3 ±5.2 

15.3 ±4.3 
13.4 ±4.0 

11.9 ±4.6 
11.1 ±4.2 
12.8 ±4.9 

44.0 ± 20.8 
65.4 ± 17.3 

8.8 ±3.8 
15.5 ±6.1 

28.9 ± 10.3 
23.2 ± 7.5 
18.8 ±6.2 
27.5 ±9.7 
8.6 ±3.3 
7.0 ±3.4 

151.1 ±43.7 

Homozygous 

7.3 ± 8.9 
9.7 ±6.7 
12.3 ±6.7 
8.0 ± 4.6 
7.9 ±6.1 

15.9 ±4.4 
13.2 ±4.5 

12.4 ±3.9 
11.5 ± 3.8 
14.3 ±4.0 

34.3 ± 17.6 
57.2 ±22.4 

9.2 ± 3.4 
18.1 ± 7.2 

33.6 ± 13.2 
26.4 ±7.8 
22.8 ±6.5 

34.1 ± 15.7 
9.7 ±3.2 
7.6 ±3.4 

176.0 ±49.1 

Pt 

0.41 
0.04 
0.43 
0.43 
0.35 

0.45 
0.43 

0.35 
0.53 
0.20 

0.11 
0.13 

0.92 
0.25 
0.18 
0.26 
0.05 
0.05 
0.34 
0.77 
0.12 

Wild Type 

5.6 ±7.2 
7.4 ±5.7 
10.4 ±7.4 
8.5 ±4.2 
6.3 + 5.9 

15.0 ±4.4 
13.5 ±4.2 

11.7 + 4.4 
11.0 ±4.3 
12.4 ± 5.2 

42.4 ± 20.1 
64.6 + 20.2 

8.9 ±3.8 
16.4 ±6.6 

29.6 ± 12.1 
25.1 ±8.2 
19.6 ± 7.4 

29.1 ± 11.7 
8.5 ±2.9 
7.1 ±3.7 

157.6 ±49.5 

plaints, except for the POMS vigour and both Ran 
aints. Data are presented as mean ±SD unless otherwise spec 

ORFa 

Heterozygous 

5.7 ±6.6 
6.3 ±6.4 
10.7 ±6.3 
8.5 ±3.8 
6.5 ± 5.8 

15.4 ±4.2 
12.6 ±4.0 

11.7 ±4.9 
10.6 ±4.3 
13.1 ±4.6 

42.5 ±21.4 
64.9 ±18.1 

9.4 ±4.6 
15.6 ±6.7 

29.6 ± 11.5 
23.4 + 8.1 
19.7 ±6.7 

28.6 ± 11.8 
9.0 ±3.8 
7.1 ±3.4 

155.8 ± 52.4 

Homozygous 

4.3 ± 4.5 
5.3 ± 5.3 
9.6 ±6.2 
8.9 ± 4.6 
5.9 ± 4.7 

14.6 ±4.5 
12.4 ±3.9 
11.2 +4.4 
11.5 ±5.0 
12.6 ±4.3 

47.9 ± 21.6 
65.9 ± 19.0 

8.1 ± 1.8 
14.6 + 5.1 
27.3 ±8.2 
22.8 ±8.1 
17.7 ±5.3 
26.4 + 6.3 
8.7 ±3.2 
7.2 ±3.5 

144.5 ± 34.6 

P + 

0.70 
0.32 
0.84 
0.94 
0.94 

0.79 
0.44 

0.90 
0.74 
0.75 

0.58 
0.97 

0.47 
0.50 
0.72 
0.38 
0.54 
0.65 
0.75 
0.99 
0.58 
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Figure 1. Dll genotypes and proportion of patients preferring T4/T3 over T4 alone-
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-< 

WT wild type, HeZ heterozygous for variant allele, HoZ homozygous for variant allele 

Differences in proportion between the genotype groups were not significant (Chi square) 



Table 3: Dl I genotypes and scores on neurocognitive tests 
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Cognitive speed 
Digit Symbol 

Raw score (sec) 

Wild Type 

71 ±20 
MCT (paper & pencil version) 

1 letter (sec) 25 ± 6 
2 letters (sec) 
3 letters (sec) 
4 letters (sec) 

MCT (computer version) 
3 letters (sec) 
4 letters (sec) 
5 letters (sec) 
Intercept (sec) 
Slope 

Attention 
PASAT 

Total score 

Memory 
Digit Symbol 

Pairs 
Free reproduction 

Digit Span 
Forward recall 
Backward recall 

CVLT 
Immediate recall 
Delayed recall 
Recognition 

Rivermead (stories) 
Immediate recall 
Delayed recall 
Proportion recalled (% 

37 ±9 
46 ± 13 
58 ± 17 

624 ± 98 
629 ± 85 
686 ± 82 
553 ± 134 
31 ± 28 

222 ± 53 

12 + 5 
7 ± 2 

8 + 2 
6 ± 2 

51 ± 11 
12 ±3 
1 ± 2 

16 ± 6 
13 ± 6 

) 78 ± 17 

Thr92Ala 

Heterozygous 

75 ± 19 

26 ± 6 
36 ± 9 
43 ± 10 
55 ± 13 

632 ± 95 
622 ± 79 
675 ± 76 
578 ± 149 
22 ± 36 

222 ± 50 

12 ± 4 
8± 1 

9 ± 2 
6 ± 2 

52 ± 10 
12 ±3 
1 ± 1 

18 ± 6 
15± 6 

81 ± 15 

Homozygous 

70 ±19 

29 ±9 
39 ±12 
51 ± 17 
61 ±20 

626 ±80 
615+64 
683 ± 75 
555 + 115 
29 ±30 

217 ±53 

10 ±5 
7± 1 

8 ± 2 
5±2 

48 ± 10 
11 ±4 
1 ±2 

14 ± 6 
12±7 

86 ±21 

P+ 

0.48 

0.15 
0.36 
0.04* 
0.31 

0.90 
0.79 
0.74 
0.60 
0.28 

0.94 

0.08 
0.46 

0.08 
0.24 

0.41 
0.24 
0.63 

0.07 
0.25 
0.19 

ORFa 

Wild Type 

72 ±21 

27 + 7 
37 ±9 

45 ± 12 
55 ± 14 

627 ± 98 
615 ± 76 
667 ± 82 
577 ± 143 
20 ±34 

217 ± 54 

12 + 5 
7 ± 1 

9 ± 2 
6 ± 2 

52 ± 11 
12+4 
1 ±2 

17 ±7 
14 ±7 

83 ± 18 

Heterozygous 

75 ± 19 

25 + 6 
35 ±9 
44 ± 12 
57 ± 16 

632 ± 90 
630 ± 82 
687 ± 73 
568 + 131 

27 + 28 

229 + 46 

12 ±4 
7± 1 

9 ± 2 
6 ± 2 

50 ± 10 
12 ± 3 
1 ±2 

17 ± 6 
14± 6 

79 ± 16 

Homozygous 

71 ± 16 

27 ±7 
39 ± 10 
48 ± 14 
63 1 22 

622 ± 92 
635 ± 82 
705 ± 66 
530 ± 149 
42 ±34 

215 ± 54 

12 ±4 
8± 1 

8± 2 
5 ± 2 

53 ±8 
12 ±3 
1 ± 1 

16 ±6 
13 ± 5 

78 ± 16 

Pt 

0.64 

0.26 
0,20 
0.48 
0.23 

0.92 
0.45 
0.13 
0.43 

0.04* 

0.42 

0.94 
0.52 

0.47 
0.20 

0.44 
0.81 
0.24 

0.78 
0.69 
0.32 

Lower scores on measures of cognitive speed and higher scores on measures of attention and memory indicate 
better neurocognitive functioning. Data are presented as mean ± SD unless otherwise specified. X Test for linearity 
* significant at a p < 0.05 level 

groups there was no group consistently scoring better or worse. Only on one of the subtest 

scores the difference between groups was statistically significant (slope in MCT computer 

version). 

To examine whether the polymorphism genotypes were associated with a preference for 

replacement therapy with a combination of T3 and T4 over conventional therapy with T4 

alone, an analysis was performed among the 92 patients only who received a combination 

of T4 and T3 for 15 weeks in a fixed 5:1 or 10:1 ratio. As is shown in Figure 1, subjective 

preference of combined T4/T3 treatment was not significantly associated with Thr92Ala or 

ORFa genotypes. This did not change when the analysis was performed for the 5:1 ratio 14/ 

T3 group (n=46) and the 10:1 ratio T4/T3 group (n=46) separately. 



DISCUSSION 

This study is the first to test the biological hypothesis that polymorphisms in type II deiodinase 

(DM) are determinants of a suboptimal response to treatment with T4 alone, or of preference 

for combined therapy with T4 and T3 over T4 alone. 

Because patients on replacement therapy with T4 are presumably dependent on Dll for 

their T3 production in the central nervous system (CNS), Dll enzyme activity in these patients 

may be a key determinant of well-being and neurocognitive function. 

To date two Dll polymorphisms, Thr92Ala and ORFa-Gly3Asp, have been described. The 

Thr92Ala polymorphism is a highly frequent A/G polymorphism at nucleotide 674 of the D2 

sequence predicting a change in amino acid 92 of the protein (9). The second polymorphism 

is in the most upstream short open reading frame (ORFa-Gly3Asp) of the 5' untranslated 

region (5'-UTR) of Dll (8). The presence of variant alleles may influence enzyme activity, and 

may therefore affect neurocognitive functions as well as various aspects of well-being such 

as mood and fatigue. 

The allele frequencies of both polymorphisms found in the present study were quite similar 

to those reported for a population of 158 healthy blood donors in which the polymorphisms 

were first reported: the allele frequency of the Thr92Ala variant in blood donors was 38.8% 

(9), in our population 40.4%. Likewise, the ORFa-Gly3Asp variant allele frequencies were 

33.9% (8) and 31.9%, respectively. Thus it appears that both variants equally occur in a 

population of patients with hypothyroidism and a control population. Therefore, these 

polymorphisms are unlikely to be related to the development of primary hypothyroidism. 

The results of this study revealed no association between genotypes of the Dll polymorphisms 

and well-being as measured by means of several questionnaires that included items about 

mood, fatigue, vitality, somatic symptoms and a variety of psychiatric subscales such as 

depression, anxiety and insufficient cognitive functioning. Neither was any of the Dll 

polymorphism genotypes specifically related to subjective preference for combined T4/T3 

treatment above usual T4 treatment. 

At this moment, it is unclear whether the two Dll polymorphisms have functional 

consequences for Dll enzyme activity. But, interestingly, previous studies have shown the 

Thr92Ala polymorphism to be related to insulin resistance (27), whereas the ORFa-Gly3Asp 

polymorphism was associated with lower serum T4 and free T4 levels, but unaltered serum 

TSH and T3 levels (8). Based on these data it has been suggested that Thr92Ala might be 

associated with lower, and ORFa-Gly3Asp with higher Dll enzyme activity (8). 



In summary, the DII-0RFa-Gly3Asp and DII-Thr92Ala polymorphisms do not explain differences 

in well-being, neurocognitive functioning or preference for T4/T3 combination therapy among 

patients with treated hypothyroidism. Thus, the determinants of suboptimal response to 

conventional T4 treatment and of a preference for T4/T3 combination therapy remain to 

be elucidated. 
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