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Abstract 
 
Objective: The pituitary-thyroid axis set point is determined by a combination of 

genetic and environmental factors. However, despite considerable efforts to 

characterize the background, the causative genes as well as environmental factors 

are not well established. Theoretically, as shown for autoimmune thyroid disease the 

pattern of X chromosome inactivation (XCI) could offer a novel explanation for the 

observed variability of the pituitary-thyroid axis set point in women.  

Design and Patients: In order to examine the impact of XCI pattern on the pituitary-

thyroid axis set point, we studied whether within cohort (n = 318 subjects) and within 

twin pair (n = 159 pairs) differences in XCI are correlated with serum concentrations 

of thyrotropin (TSH), free triiodothyronine (FT3) and free thyroxine (FT4). 

Methods: XCI was determined by PCR analysis of a polymorphic CAG repeat in the 

first exon of the androgen receptor gene. Thyroid variables were measured using a 

solid-phase time-resolved fluoroimmunometric assay. Zygosity was established by 

DNA fingerprinting. 

Results: In the overall study population (within cohort), no significant correlations 

were found between TSH [regression coefficient (β) = -0.28 (95% confidence 

intervals, -0.66-0.11), p = 0.158], FT3 [β= -0.25 (-0.85-0.34), p = 0.403], FT4 [β= 

0.08 (-0.91-1.07), p = 0.876] and XCI pattern. Essentially similar results were found 

in the within pair analysis. Controlling for confounders such as age, body mass 

index, smoking and zygosity did not change the findings. 

Conclusions: In a sample of female twins, we found no evidence of a relationship 

between XCI pattern and pituitary-thyroid axis set point. 
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Introduction 

In a population of healthy euthyroid subjects, serum levels of thyrotropin (TSH) and 

the thyroid hormones (free thyroxine, FT4 and free triiodothyronine, FT3) show 

substantial interindividual variation, whereas the intraindividual variation is generally 

within a narrow range 1. It appears therefore that each individual has a unique set 

point of the pituitary-thyroid axis (PTA). Recently, two large twin studies have 

provided indisputable evidence for the contribution of both genetic and 

environmental factors in the regulation of these parameters 2,3. A number of genetic 

loci 4 as well as polymorphisms in different thyroid hormone pathway genes, such as 

phosphodiesterase 8B 5, the deiodinases 6-8, the TSH receptor 9,10, the thyroid 

hormone receptors 11, and thyroid hormone transporters 12,13 have been associated 

with serum levels of TSH, FT3 and FT4. So far, however, their contribution to 

phenotypic variance is week to modest, indicating that there is no single gene with a 

major regulatory influence on the PTA set point. The same is certainly true for 

suggested non-genetic variables such as body mass index (BMI) 14,15, iodine intake 

16 and smoking habits 17,18.   

In the last several years, there has been considerable discussion and disagreement 

regarding gender specific differences in the PTA set point 19-24. However, in most 

studies - irrespective of significant gender differences in median TSH 21, presence of 

thyroid autoantibodies 22 and/or thyroid ultrasound abnormalities 23,24 - the variation 

of the PTA variables is greater (reflected by wider reference limits) in women than in 

men. At present, the reason for this phenomenon is unknown. 

Recent evidence indicates that some of the observed gender specific differences in a 

number of common traits and diseases might, at least partially, be due to sex-

specific differences in genetic architecture 25. Theoretically, as shown for 
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autoimmune thyroid disease 26-28, the pattern of X chromosome inactivation (XCI) 

could offer an explanation for the observed increased variability of the PTA set point 

variables in women. In female cells, one of the two X chromosomes is inactivated in 

early embryonic life in order to equalize the dosage of  X linked genes between 

females and males 29. Consequently, females are mosaics for two cell lines, cells 

with the paternal and cells with the maternal X chromosome as the active X. In 

young to middle aged females the distribution of the two cell lines is close to normal 

(50:50 ratio) 29, 30. A skewed XCI pattern is a marked deviation from the 50:50 ratio 

(80:20 or more) and is present in approximately 15% of females below 55 years 29, 30. 

The XCI process is under genetic control 30 and it has been linked to loci on the X 

chromosome 31. The X chromosome may also be involved in the regulation of the 

PTA set point because variables with impact on the serum levels of TSH, FT3 and 

FT4 such as monocarboxylate transporter 8 (thyroid hormone transporter) 13 and 

thyroxine-binding globulin 32 are X linked. Additionally, the X chromosome may also 

be involved in the development of thyroid diseases biochemically characterized by 

skewed values of TSH, FT3 and FT4 33.  

It follows that variation in XCI pattern may allow female monozygotic (MZ) twins to 

express discordance for traits that are influenced by X linked genes 25. This has been 

demonstrated in X linked single gene disorders such as Duchenne muscular 

dystrophy and X linked immunodeficiencies 29. Recently, the potential contribution of 

polymorphic X linked quantitative trait loci to complex phenotypes has been 

evaluated by comparing correlations between female and male MZ pairs 34. If the 

phenotype is influenced by polymorphic X linked loci, female MZ pairs should be 

more discordant than male MZ pairs as a result of skewed XCI 34. Recently, we have 
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found evidence for lower correlations (reflecting more discordance) in the PTA set 

point variables in female MZ pairs compared with male MZ pairs 2.   

Given the potential gender specific differences in the PTA set point variables 

together with the possible involvement of X linked genes, the aim of our study was to 

test whether, or not, variation in the PTA set point variables in women is influenced 

by XCI pattern. 

 

Subjects 

A detailed description of the ascertainment procedure has been published elsewhere 

35. In brief, in 1997 a representative sample of self-reported healthy twin pairs born 

between 1931 and 1982 was recruited from the Danish Twin Register on the basis of 

nationwide questionnaire surveys concerning health and health related behaviour 

performed in 1994 and 1996. In all, 1512 individuals (756 twin pairs) were examined 

from 1997 to 2000. Blood samples were available from 736 twin pairs. Twin pairs 

with self-reported thyroid disease (28 twin pairs) or overt biochemical thyroid disease 

(18 pairs) were excluded. Moreover, all males (688 subjects) and females from 

opposite sex pairs (120 subjects) were also excluded leaving 572 female subjects 

(286 pairs). Of these, 318 subjects (159 twin pairs, distributed in 82 MZ and 77 

dizygotic (DZ) pairs) were informative regarding TSH, thyroid hormones and XCI 

pattern and hence suitable for data analysis. Informed consent was obtained from all 

participants, and the study was approved by all the Regional Scientific-Ethical 

Committees in Denmark. 
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Methods 

Assays 

Thyrotropin, thyroid hormones and thyroid autoantibodies 

Serum concentrations of TSH and thyroid peroxidase autoantibodies (TPOAb) were 

measured using solid-phase time-resolved fluoroimmunometric assays 

(AutoDELFIA; Perkin Elmer/Wallac, Turku, Finland). Serum free T4 and free T3 were 

determined using the AutoDELFIA FT4 and FT3 kits (Perkin Elmer/Wallac, Turku, 

Finland), respectively. The reference range for TSH, FT4, FT3 and TPOAb is 0.30-

4.00 mU/l, 9.9-17.7 pmol/l, 4.3-7.4 pmol/l and 2-10 KIU/l, respectively 20,36. All blood 

samples were drawn between 8 and 9 a.m. hour after a 12 hour fast. 

 

X-chromosome inactivation analysis 

DNA was extracted from peripheral blood cells. The X chromosome phenotype was 

determined by polymerase chain reaction (PCR) analysis of a polymorphic (CAG)n 

repeat in the first exon of the androgen receptor gene. After digestion of the DNA 

with the methylation sensitive enzyme Hpall, a PCR product is obtained from the 

inactive X chromosome only. The PCR products were separated on an ABI 3100 

automated sequencer, and analysed by GeneScan software (Applied Biosystems, 

Foster City, California, USA). Each sample was analysed in duplicate and blinded as 

to the result in the corresponding co-twin. XCI was calculated as the percentage of 

the predominantly inactive allele to the sum of both alleles and varies between 50 

and 100, where 50 reflects random XCI and 100 reflects a completely skewed XCI. 

 

Zygosity determination 
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Zygosity was established by DNA fingerprinting using a PE Applied Biosystems 

AmpFISTER Profiles Plus Kit (Foster City, California, USA). 

 

 

Statistical methods 

Group frequencies were compared with the Pearson x2 test, whereas group medians 

were compared with a two-sample Wilcoxon rank-sum (Mann-Whitney) test using 

Brunner's adjustment for clustering within twin pairs 37. Because of deviation from 

normality, logarithmic transformation of TSH, TPOAb, XCI and BMI was carried out. 

The relationship between the thyroid traits (TSH, FT4 and FT3) and the logged 

values of XCI (within cohort analysis) as well as the relationship between the within 

twin pair differences in the thyroid traits and within pair differences in logged XCI 

(within twin pair analysis) were assessed by linear regression.  

In the within-cohort analysis, the paired nature of the twin data was taken into 

account by using the cluster option in STATA (StataCorp, College Station, Texas, 

USA). Subsequently, the data were analysed with the thyroid traits (TSH, FT4, FT3) 

as the response variable and XCI, TPOAb, age, BMI, smoking and zygosity as the 

explanatory variables.  

In the within twin-pair analyses, the regression line was constrained to pass through 

the origin so that the results were independent of the labelling of the twin as the first 

or the second. Subsequently, we stratified according to zygosity and adjusted for 

TPOAb, BMI and smoking by using the within pair differences of these variables as 

explanatory variables in the within twin-pair regression model. 
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Significant differences were defined as a P-value less than 0.05 using two tailed 

tests. All analyses were carried out using version 11 of the STATA statistical 

package (StataCorp, College Station, Texas, USA). 

  

Results 

Descriptive characteristics and distribution of thyroid variables and XCI 

measurements in the twin cohort, as a whole and stratified by zygosity, are 

summarized in table 1.  

In the overall study population (within cohort), no significant correlations were found 

between TSH [regression coefficient (β) = -0.28 (95% confidence intervals, -0.66-

0.11), p = 0.158], FT3 [β= -0.25 (-0.85-0.34), p = 0.403], FT4 [β= 0.08 (-0.91-1.07), p 

= 0.876] and XCI pattern. Controlling for potential confounders (age, TPOAb, BMI, 

smoking and zygosity) did not change the findings of nonsignificant regression 

coefficients (Table 2).  

The analyses relating the within twin pair differences in TSH, FT3 and FT4 to the 

within pair differences in XCI pattern are outlined in table 2. Overall, irrespective of 

zygosity, no significant associations were found. Stratifying for zygosity, and 

controlling for TPOAb, BMI and smoking did not change the results (Table 2). 

However, the within-pair difference in the logged value of XCI pattern is rather small. 

Theoretically, this small variability could mask a genuine correlation. To overcome 

this potential limitation, we restricted the analyses to twin pairs with the highest 

degree of within-pair variation in lnXCI (difference of at least 0.2, n = 46 pairs). The 

regression coefficients were, however still nonsignificant [TSH; β = 0.25 (-0.24-0.73), 

p = 0.312. FT3; β = -0.17 (-1.32-0.97), p = 0.761. FT4; β = 0.42 (-1.56-2.40), p = 

0.670]. 
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Finally, since mutations in the MCT8 gene results in an increase in FT3 and a 

decrease in FT4, the FT3/FT4 ratio could be a more sensitive parameter for variation 

in XCI pattern. However, neither in the overall study population (within cohort) nor in 

the within-pair analyses did we find significant correlations between the FT3/FT4 

ratio and XCI pattern (β = -0.22 (-0.71-0.03), p = 0.389 and β= -0.02 (-0.08-0.04), p = 

0.499, respectively). Adjusting for confounders as well as stratifying for zygosity did 

not change the finding of non-significant correlations between FT3/FT4 ratio and XCI 

pattern (data not shown). 

 

Discussion  

The present study was initiated to test the hypothesis that a non-hormonal sex 

specific genetic mechanism related to the X chromosome could influence the set 

point of the PTA in women. In our sample of euthyroid Danish female twins, we did 

not observe a significant correlation between the serum concentrations of TSH, FT3 

and FT4 and the XCI pattern. To minimize the effect of genetic and environmental 

confounding we also analysed the association between TSH, FT3 and FT4 and XCI 

within MZ and DZ twin pairs, which did not change the finding of a non-significant 

correlation. Essentially similar results were obtained when the analyses were 

restricted to twin pairs with the most pronounced within pair differences in the XCI 

pattern. Thus, neither in the within cohort nor in the within twin pair analysis could we 

demonstrate a statistically significant correlation between thyroid variables and the 

XCI pattern. 

The strengths of this study include: a relatively large sample size (n = 159 twin 

pairs), ascertainment of participants from a nation-wide population based register, 

use of standardized and validated procedures for examination and measurement of 
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biochemical variables, and exclusion of subjects with evidence of thyroid disease. In 

addition, our study is very robust, because the twin design allows optimal control for 

genetic and environmental factors affecting both the pituitary-thyroid axis set point 

and the XCI pattern 38. 

Our findings should be interpreted cautiously in the light of some methodological 

limitations. First, the XCI pattern was tested in the leukocytes of peripheral blood, but 

not in the hypothalamus, pituitary or thyroid gland, the primary tissues involved in 

determining the PTA set point. Clearly, there are fundamental ethical and practical 

limitations in obtaining brain and thyroid biopsies from otherwise healthy individuals. 

However, from the few studies available, it appears that the correlations of XCI 

profiles between peripheral blood and different human tissues, including brain tissue, 

are reasonably high and that XCI in blood can be extrapolated to the XCI profile in 

other less accessible tissues 29,39.  Second, it is important to notice that variations in 

TBG has a much more pronounced effect on the levels of total T3 and T4 than on 

FT3 and FT4 levels, making a XCI dependent variation of total T3 and T4 possible. 

In the present study we measured FT3 and FT4. Thus, we are not able to investigate 

this issue further. Finally, all the participants were twins, but there is no reason to 

suspect that the XCI process and the factors influencing the PTA differ between 

twins and singletons. Available studies have clearly shown that Danish twins are 

representative of the general background population as for a number of thyroid traits 

including distribution of thyroid hormones 2 and the XCI pattern 30. Epidemiological 

surveys have repeatedly shown that the spectrum of thyroid phenotypes, including 

the values of TSH, FT3 and FT4, in a community changes with variations in the 

iodine intake 40. In the present study, all participants were Caucasian women living in 

Denmark, an area with borderline iodine deficiency and with only minor regional 
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differences in iodine intake. Moreover, cultural background and living conditions are 

generally quite homogeneous in Denmark. Consequently, our results cannot 

uncritically be extrapolated to other populations. 

In conclusion, in a sample of healthy euthyroid Danish female twins, we found no 

evidence of a relationship between XCI pattern and pituitary-thyroid axis set point. 
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Table 1 
 
Basic characteristics 
 

Study population 
Variable MZ + DZ (n=318) MZ (n=164) DZ (n=154) 
Smoking (%) 52 48 56 
Age (year) 36 (19-51) 35 (19-51)a 38 (21-52) 

BMI (kg/m2) 23 (19-31) 23 (19-31) 23 (19-31) 
Degree of skewing  63 (51-87) 63 (51-87) 63 (51-88) 
TPOAb (kIU/liter) 4.7 (2.2-93.0) 4.6 (2.3-79.6) 4.9 (2.8-156.3) 
TSH (mU/liter) 1.6 (0.7-3.3) 1.7 (0.7-3.6)b 1.4 (0.6-3.2) 
Free T3 (pmol/l) 5.8 (4.6-7.3) 5.9 (4.8-7.1) 5.8 (4.5-7.3) 
Free T4 (pmol/l) 12.4 (10.1-14.8) 12.4 (10.4-14.5) 12.3 (9.8-15.0) 

 
All values, except for smoking, are presented as medians with 5th and 95th percentiles in 
parentheses. MZ = monozygotic and DZ = dizygotic. 
a MZ vs DZ, p = 0.022 
b MZ vs DZ, p = 0.017 
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Table 2 
 
Regression coefficients for correlation between different thyroid variables and X chromosome inactivation pattern. 
 

Regression coefficients (95% confidence intervals)  

Unadjusted Adjusteda 
Analysis TSH Free T3 Free T4 TSH Free T3 Free T4 
Within cohort -0.28 (-0.66-0.11) -0.25 (-0.85-0.34) 0.08 (-0.91-1.07) -0.25 (-0.63-0.12) -0.24 (-0.84-0.37) 0.21 (-0.83-1.24) 
Within twin pairs 0.11 (-0.29-0.50) -0.18 (-0.90-0.54) 0.08 (-1.32-1.48) 0.04 (-0.36-0.44) -0.22 (-0.95-0.52) 0.35 (-1.10-1.79) 

MZ pairs -0.17 (-0.88-0.54) 0.03 (-1.05-1.11) -0.81 (-3.10-1.48) -0.22 (-0.93-0.49) 0.04 (-1.05-1.12) -0.76 (-3.09-1.56) 
DZ pairs 0.21 (-0.29-0.71) -0.25 (-1.27-0.77) 0.41 (-1.49-2.30) 0.14 (-0.39-0.67) -0.35 (-1.43-0.73) 0.87 (-1.12-2.87) 

 
a Adjusted for age, TPOAb, BMI, smoking and zygosity in the within cohort analysis. In the within twin pair analysis there is 
adjusted for TPOAb, BMI and smoking.   
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