

[image: Can Digit Ratio (2D:4D) Be Indicative of Predispositions to Autoimmune Thyroid Diseases in Women - Hashimoto Thyroiditis and Graves’ Disease?]
Can Digit Ratio (2D:4D) Be Indicative of Predispositions to Autoimmune Thyroid Diseases in Women - Hashimoto Thyroiditis and Graves’ Disease?





ORIGINAL RESEARCH

published: 30 June 2022

doi: 10.3389/fendo.2022.914471

[image: image2]


Can Digit Ratio (2D:4D) Be Indicative of Predispositions to Autoimmune Thyroid Diseases in Women - Hashimoto Thyroiditis and Graves’ Disease?


Barbara Święchowicz 1, Anna Kasielska-Trojan 1*, John T. Manning 2 and Bogusław Antoszewski 1


1 Plastic, Reconstructive and Aesthetic Surgery Clinic, Institute of Surgery, Medical University of Lodz, Lodz, Poland, 2 Applied Sports, Technology, Exercise, and Medicine (A-STEM), Swansea University, Swansea, United Kingdom




Edited by: 

George Paltoglou, National and Kapodistrian University of Athens, Greece

Reviewed by: 

Marco Ghezzi, Independent Researcher, Padova, Italy

Alexander George Stewart, University of Exeter, United Kingdom

Anna Sysa-Jedrzejowska, Uniwersytecki Szpital Kliniczny WAM, Poland

*Correspondence: 

Anna Kasielska-Trojan
 annakas@toya.net.pl

Specialty section: 
 This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 06 April 2022

Accepted: 27 May 2022

Published: 30 June 2022

Citation:
Święchowicz B, Kasielska-Trojan A, Manning JT and Antoszewski B (2022) Can Digit Ratio (2D:4D) Be Indicative of Predispositions to Autoimmune Thyroid Diseases in Women - Hashimoto Thyroiditis and Graves’ Disease?. Front. Endocrinol. 13:914471. doi: 10.3389/fendo.2022.914471



Hashimoto thyroiditis and Graves’ disease are autoimmune thyroid diseases which occur much more frequently in women than in men. Estrogen receptors are found in the thyroid gland and can modulate the gland’s function. Digit ratio (2D:4D) is thought to be a negative correlate of prenatal testosterone and a positive correlate of prenatal estrogen. This study aimed to examine a relationship between right and left 2D:4D in women with Hashimoto thyroiditis and Graves’ disease. The cross-sectional study included 106 women with autoimmune thyroid disease: 73 women diagnosed with Hashimoto thyroiditis and 33 women with Graves’ disease, together with 70 healthy women as controls. Second and fourth digit length, weight, height were measured directly, and 2D:4D and BMI were calculated. Compared to controls, right and left 2D:4D were significantly higher in women with Hashimoto thyroiditis and lower in women with Graves’ disease, the effects were higher for right 2D:4D. The mean length of right 4D was significantly lower in the examined women with Hashimoto thyroiditis than in Graves’ disease. Higher right and left 2D:4D in women with Hashimoto thyroiditis suggests that prenatal exposure to high levels of estrogens relative to testosterone may play a role in the development of this disease. Lower right and left 2D:4D in women with Graves’ disease suggest a role of high prenatal androgens relative to estrogens in Graves’ disease pathogenesis.
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1 Introduction

Autoimmune thyroid disease (AITD) is a category of disorders in which the immune system targets thyroid cells (1). The most common AITDs are Hashimoto thyroiditis and Graves’ disease. Both have a higher prevalence in women than men. However, in Hashimoto thyroiditis, women’s dominance is the highest as it is 10-15 times more frequent in women than in men (2, 3).

Hashimoto thyroiditis affects mainly middle-aged women, usually at the age between 30-50 years but can also be present in children (2). This age range indicates that the disease could be sex-hormone dependent. The thyroid gland dysfunction can be symptomatic (0.1-2% of the population) or subclinical (10-15%) (4). Hashimoto thyroiditis involves elevation of thyroid peroxidase antibodies (TPOAb) and thyroglobulin antibodies (TgAb) and usually is clinically manifested as hypothyroidism (5). In its autoimmune pathophysiology, the disease is T-helper 1 (Th1) cell-mediated, however the trigger of the disease seems to depend on hormonal factors – i.e. estrogen level changes (estrogen dominance) (6). Helper T cells (Th) have the expression of CD4 and can be divided into Th1 and Th2. Th1 lymphocytes produce proinflammatory cytokines, killing intracellular parasites and taking part in autoimmune responses. The main cytokine of Th1 is interferon-gamma (7).

Pathophysiologic indicators in Graves’ disease include anti-thyroid stimulating hormone receptor antibodies (TRAb). Thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody (TgAb), characteristic of Hashimoto disease, can also be present. The clinical manifestation of this disease is related to hyperthyroidism: goiter, anxiety, weight loss, tachycardia, dermopathy and ophthalmopathy. Hyperthyroidism is the most common cause of toxic goiter which occurs approximately in 1 to 200 people The clinical manifestation depends on the age of disease onset. Palpable goiter occurs more frequently in patients younger than 60 years old. Toxic goiter affects 1 to 200 people in the United States (8). Weight gain can be observed in 10% of cases. Thyroid dermopathy is very rare and occurs in 2 to 3% of cases (9). Graves’ orbitopathy has the incidence rate of 16 women and 3 men per 100,000 (10) and can occur in 40% of patients with Graves’ disease (11). Symptoms like acropachy, osteopathy and onycholysis (Plummer nails) are very rare (9). Graves’ disease occurs eight times more often in women than in men. The peak incidence of Graves’ disease is at the age range of 30-60 years (12). A key role in the autoimmune pathophysiology is attributed to the systemic shift of cytokine production toward the Th2 response, which is promoted by androgens (13).

The fact that Hashimoto thyroiditis and Graves’ disease are sex-hormones dependent is indicated by observations that the immune system is sexually dimorphic in its effects. In general, estrogen has an immunoenhancing effect on the immune system (within its normal “non-pregnancy” ranges), while androgen is immunosuppressive (14). There are many theories concerning pathophysiologic mechanisms by which sex steroids influence the immune system. One such explanation involves the expression of estrogen receptors on most of the immune cells (15, 16). Estrogen suppresses B cell lymphopoiesis and differentiation from pro-B to pre-B cell stage and allows the escape of autoreactive B-cells (17). What is more, it increases Th1 differentiation (but in bone and the central nervous system, the effect is opposite). In contrast, androgens inhibit Th1 and promote Th2 (17).

The digit ratio (2D:4D) is the relative lengths of the second (2D) and fourth (4D) digits. Previous studies showed the sexual dimorphism of the ratio and presented evidence for its relationship with prenatal sex steroids exposure (18–20). Mean 2D:4D is higher in females than males. In fetal life, low estrogen level and high testosterone relate to low digit ratio, and high estrogens and low testosterone level are thought to correlate with a high digit ratio. In addition, right 2D:4D is often found to be lower than left 2D:4D suggesting the former is more sensitive to prenatal sex steroids (18). Thus, high Δ r-l 2D:4D (right – left 2D:4D) is also thought to indicate high prenatal estrogen and low prenatal testosterone (19, 21). Studies analyzing digit development in an animal model in mice confirmed this hypothesis and showed that 2D:4D depends on the androgen and estrogen receptors situated mainly in the ring finger and also in the index finger (22). Currently, there is considerable evidence for the links between 2D:4D and prenatal sex steroids in humans (23) (but see (24) for an alternative view).

With regard to links between 2D:4D and thyroid disease, Manning (25) (pp. 62-63) has suggested that 2D:4D may be correlated with thyroid function. The principal products of the thyroid gland are the hormones thyroxine (T4) and the more active triodothyronine (T3) and production is dependent on thyroid stimulating hormone (TSH) which is secreted by the pituitary gland. The fetal thyroid gland reaches maturity by week 11–12, and begins to secrete thyroid hormones by week 16. During early pregnancy T4 finds its way to the fetus from maternal serum (26). Estrogen and testosterone exert their influence on thyroid function by altering levels of thyroxine-binding globulin (TBG). Estrogen administration causes an increase in serum TBG concentration, androgen administration results in a decrease in this binding protein (27). Manning pointed out the importance of sex steroids in the regulation of the thyroid and cited data from Chinese children showing a positive correlation between right 2D:4D and TSH (25)]. If such a link is confirmed it may indicate that in children with high 2D:4D elevated levels of TSH production from the pituitary gland are necessary to maintain normal T4 production (25).

Considering diseases of the thyroid, despite the estrogen/testosterone-induced modulation of TBG concentrations, subjects with normal thyroid glands maintain euthyroidism without changes in their serum free T4 or TSH levels. In contrast, the administration of sex steroids to patients with thyroid diseases causes significant biochemical and clinical alterations. For example, estrogen administration to hypothyroid women causes a decrease in serum-free thyroxine levels and a simultaneous increase in serum TSH levels (27).

There are no studies on associations between AITD and biomarkers of prenatal sex steroids. Tabachnik et al. showed that women with different thyroid disorders had a higher digit ratio, however they did not interpret this observation (28). It is well known that postnatal estrogens have an impact on the thyroid gland and have the potential to promote benign and malignant thyroid cell growth via membrane-bound estrogen receptors (29). Moreover, estrogen can modulate the immune response by enhancing humoral responses (30). Nothing is known about the possible impact of prenatal sex steroids exposure on the risk of AITD. Therefore, we conducted this study to investigate 2D:4D in the AITD – Hashimoto thyroiditis and Graves’ disease. We hypothesized that high estrogen and low testosterone exposure during prenatal life may increase the risk of AITD in later life. This study aimed to examine right and left 2D:4D in women with Hashimoto thyroiditis and Graves’ disease in comparison to healthy controls.



2 Materials and Methods


2.1 Study Population

The study involved 106 women with AITD - 73 with a diagnosis of Hashimoto thyroiditis of the average age of 43.3 years (SD = 19.6) and 33 with a diagnosis of Graves’ disease of the average age of 54.8 (SD=12.9). Also 70 healthy women of the average age of 40.8 years (SD = 12.5) were included. All patients with thyroid disease were diagnosed by an endocrinologist and were included in this study only when a diagnosis of Hashimoto thyroiditis or Graves’ disease was confirmed. In addition, a detailed medical interview had also been conducted, and a clinical questionnaire included data concerning: age at diagnosis, family history of thyroid diseases, number of pregnancies, miscarriages, age at menarche, and other diseases. Women with other diagnosed endocrine disorders and diseases like polycystic ovary syndrome (PCOS) were excluded from the study, but patients with acne (without the diagnosis of PCOS) were not disqualified. Control women were recruited among age-matched Plastic Surgery Outpatient Clinic after excluding chronic diseases in this group. Those who reported hand/digit injuries were excluded from the study. It is known that 2D:4D varies across ethnic groups (18). All participants in the study were Caucasian.

The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of Medical University of Lodz (RNN/04/19KE, 15.01.2019). Written informed consent has been obtained from the patients.



2.2 Measurements

In the examined women and controls the following measurements were taken: body height (B-v), II and IV digits’ lengths (right (R) and left hand (L)) (2D R, 2D L, 4D R, 4D L) and body weight. On the basis of the measurements the following indices were calculated: BMI (weight [kg]/(B-v)2 [m2]), 2D:4D for the right (R) and left (L) hand (digit II length [cm]/digit IV [cm]) (2D:4D R, 2D:4D L) and Δ r-l 2D:4D (right 2D:4D minus left 2D:4D). All measurements were made directly with GPM anthropological instruments (sliding caliper, anthropometer, measuring tape). Finger lengths were also measured directly on the palmar side of the hand using anthropometric points lying on the digit axis: pseudophalangion (pph)—a point in the proximal finger crease, and dactylion (da)—the most distal point on the finger tip.



2.3 Statistical Analysis

Analysis was conducted with regard to differences in the studied anthropometric features (measurements and indices) between women with Hashimoto thyroiditis, women with Graves’ disease and control women. In order to compare the three groups by age, weight, height, BMI, and 2D:4D, we used a one-way univariate ANOVA or its nonparametric equivalent - Kruskal-Wallis test if the ANOVA assumptions were not met (normal distribution and homogeneity of variance).

Prior to a statistical analysis of the metric data, the normality of the distribution of the tested variables was examined by Kolmogorov-Smirnov test and the homogeneity of variance was assessed with the Brown-Forsythe test due to the fact that the analysed groups are not equal in size. In cases where significant differences were found, we used post-hoc tests: multiple comparisons of mean ranks and Tukey’s tests (HSD) for unequal groups. Discriminant analysis was performed to verify the influence of BMI on the observed correlations. Pearson’s or Spearman’s correlation coefficients were used to check associations between digits’ lengths and ratios and the age of the disease onset, the number of pregnancies, the age of menarche, and BMI in women with Hashimoto thyroiditis and Graves’ disease. Correlations between digits’ lengths and ratios and the history of miscarriages and concomitant diseases were analysed with t-test or Mann-Whitney test. The effect size for inter-group differences was evaluated with Cohen’s d for t-tests and Glass r for Mann-Whitney tests.



2.4 Results


2.4.1 Age, Height, Weight and BMI in Women With Hashimoto Thyroiditis, Graves’ Disease and Control Women

The groups differed significantly in terms of age, weight and BMI. Women with Graves’ disease were older than women with Hashimoto thyroiditis and control women (mean age for Graves’ disease=57.76, Hashimoto thyroiditis=43.31, control=40.79) (p<0.01). Weight and BMI were higher in women with AITD than in control women (the mean BMI for the controls - 22.42 (SD 2.11), for women with Hashimoto thyroiditis - 26.12 (5.05) and for patients with Graves’ disease - 25.39 (4.41) (Table 1).


Table 1 | Comparison of age, weight, height, BMI and digit measurements between women with Hashimoto thyroiditis, Graves’ disease and control women.





2.4.2 Digit Lengths and Ratios (2D:4D) in Women With Hashimoto Thyroiditis, Graves’ Disease and Control Women

Both right and left 2D:4D were different in all groups: the highest ratio was observed in women with Hashimoto thyroiditis and the lowest in women with Graves’ disease. Effect size for the right 2D:4D was higher than for the left (right ω2 = 53.60%, left ω2 = 37.94%) (Tables 2, 3). The observed correlations were independent of BMI (Wilks’ lambda: for BMI – 0.84, p<0.0001, for 2D:4D R – 0.46, p<0.0001, for 2D:4D L – 0.61, p<0.0001). Moreover, we found that the mean length of 4D was lower in the examined women with Hashimoto thyroiditis than in the Graves’ disease group (p=0.04) (Table 1).


Table 2 | Digit measurements and ratios in women with Hashimoto thyroiditis and Graves’ disease and control group.




Table 3 | Comparison of digit ratios and delta between women with Hashimoto thyroiditis, Graves’ disease and control women (ANOVA).





2.4.3 Clinical Variables in Women With Hashimoto Thyroiditis, Graves’ Disease and Control Women

The age of disease onset, the age of the first menstruation and the number of pregnancies in the Hashimoto thyroiditis and Graves’ disease groups were similar (Table 4). There were no correlations between ratios and Δ r-l 2D:4D and the age of disease onset, number of pregnancies, age of menarche and BMI in any of the analysed groups. Positive family history for thyroid diseases was reported by 26 women with Hashimoto thyroiditis (mothers of 9 had AITD) and by 15 women with Graves’ disease (mothers of 7 had AITD).


Table 4 | Age of the disease onset, menarche and number of pregnancies in women with Hashimoto thyroiditis and Graves’ disease.







3 Discussion

There are many papers reporting on the association between sex-dependent diseases and digit ratio. They add to the knowledge about the possible pathophysiology of the diseases and present some clinical implications, e.g., they may help guide pharmacotherapy or its timing or be useful in determining specific groups of patients in whom therapies could be implemented earlier. However, to our knowledge, there have been no reports concerning the 2D:4D in AIT diseases, including Hashimoto thyroiditis and Graves’ disease. In this study, we found that women with Hashimoto thyroiditis have a higher right and left 2D:4D ratio than healthy women from the control group. It can suggest the thesis that high prenatal estrogen to testosterone exposure (e.g., due to estrogen receptors increased sensitivity or hyperestrogenic environment) can influence vulnerability to Hashimoto thyroiditis development in adult life. Moreover, women with Graves’ disease have lower 2D:4D (both right and left) than women in the control group and those with Hashimoto thyroiditis. This may be due to lower exposure to estrogen (or higher to androgens) during prenatal life in women with Graves’ disease compared to women with Hashimoto thyroiditis, which corresponds with the type of autoimmune inflammatory reaction (Th1 – mediated by estrogens in Hashimoto thyroiditis and Th2 – promoted by androgens in Graves’ disease). This may indicate a different role of prenatal sex hormones in the etiology of these diseases, both of which are autoimmune but they differ in the type of immunological response and a balance of Th1 and Th2 lymphocytes.

Digit ratio (2D:4D) is thought to be a proxy of prenatal androgen and estrogen exposure. In some populations, the associations between 2D:4D and prenatal sex steroids are greater for the right hand than for the left hand (31, 32). Similarly, right-left 2D:4D (Δ r–l 2D: 4D) is thought to be negatively correlated with high prenatal testosterone and low prenatal estrogen (31, 33). In this study, we found significant differences for right and left 2D:4D, but also right 4D appeared to be significantly shorter in women with Hashimoto thyroiditis than in Graves’ disease. This relation had greater effect size for the right than left 2D:4D. The postulated relationships between 2D:4D and prenatal sex steroids and the stability of 2D:4D during childhood and puberty has been explored in detail for more than 20 years (18–20, 22, 23). The early formation of the thyroid gland and the modulation of its function by sex steroids (27) led Manning to suggest that 2D:4D may be a correlate of thyroid function and thyroid disease (25). We emphasize that our main purpose here was to report that 2D:4D is a correlate of AITD. Insofar as our findings arose from the hypothesis that 2D:4D is a correlate of prenatal sex steroids our data on 2D:4D and AITD may be considered as further evidence of the link between 2D:4D and fetal testosterone/estrogen balance. However, there may be other possibilities to consider. Compared to controls, we found BMI was higher in women with AITD. It has been suggested that 2D:4D and its sex differences are influenced by both the length of the phalanges and by fat pads at the tip of the digits (34). Therefore, adiposity might provide a link between 2D:4D and thyroid disease. Furthermore, Wallen has hypothesized that the sex difference in 2D:4D is not present in the phalanges rather it lies solely in variation in digit fat pads and the latter are not correlates of prenatal sex steroids (35). Against Wallen’s hypothesis, sex differences in phalange 2D:4D have been reported in predominantly White fetuses and in White, Asian and Black populations (for reviews of the literature see (36, 37). The differences we have found in mean 2D:4D between controls and patients with Hashimoto and Graves’ disease are independent of BMI. In our view there is little support in our results for a link between finger fat, 2D:4D and AITD.

Focusing on the fetus, we suggest the following model. Digit ratio and its sex differences are more or less fixed between week 8 and 12 in gestation. The relative lengths of 2D and 4D are influenced by the ratio between prenatal testosterone and prenatal estrogen such that high prenatal testosterone relative to estrogen is linked to low values of 2D:4D and low testosterone to estrogen is associated with high values of 2D:4D. The first trimester sex steroids which influence 2D:4D are both fetal and maternal in origin and maternal T4 (which is modulated by maternal testosterone and estrogen) crosses the placenta from the maternal serum. Thus, fetal 2D:4D contains information concerning prenatal concentrations of testosterone, estrogen and T4.

Concerning Hashimoto and Graves’ disease, our results may be interpreted with regard to two aspects: sex hormones influence on thyroid function and their modulation of immunologic response, also in relation to autoimmunologic mechanisms. In some conditions, estrogens can stimulate the immune system, while in others they have an inhibitory effect. Estrogen receptor alpha (ERα) and beta (ERβ) are two main types of 17β-estradiol (estrogen) nuclear receptors which play a relevant role in transcriptional regulation (32). ERα and ERβ are present in immune system cells, including CD4+ and CD8+ lymphocytes, suggesting that T cells can be amenable to regulation by estrogen (38–40). ERα-signaling can be potentially pro-inflammatory in T cells, increasing expression of transcription factor Tbx21, which is associated with Th1 (39–42). Overall, estrogens increase Th1 differentiation and decrease Th2 (17). Th1 lymphocytes stimulated by high estrogen levels can result in Th1-mediated diseases, one of which is Hashimoto thyroiditis. We hypothesize that higher prenatal estrogen exposure promotes autoimmune response development in adulthood and predisposes to Hashimoto thyroiditis (Figure 1).




Figure 1 | Diagram presenting relation between autoimmune thyroid diseases and 2D:4D. A – androgens, E – estrogens, Th1, T-helper 1 cells; Th2, T-helper 2 cells; 2D:4D R, right digit ratio; 2D:4D L, left digit ratio.



There are no studies concerning prenatal sex steroid influence on Hashimoto thyroiditis and Graves’ disease, and the reports on prenatal estrogen’s influence on autoimmune diseases are also limited. Previous studies showed that patients with systemic lupus erythematosus (SLE) (both women and men) had lower 2D:4D than healthy controls (43). The authors concluded that high prenatal levels of testosterone and low estrogen can play a role in the etiology of this disease onset and can be its trigger (43). Furthermore, they hypothesize that increased aromatase activity can cause an increased level of estrogen, which can lead to the disease’s commencement (43). Moreover, because SLE is considered to be a disease in which Th2 cells predominate, the observed correlation can be explained by increased Th2 response promoted by increased androgens’ exposure (17). Similar mechanism may explain our findings in women with Graves’ disease. Kocjan et al. confirmed the important role of thyroid stimulating hormone receptor (TSHR) antibodies and humoral immunity in Graves’ disease pathogenesis, and showed the systemic shift of cytokines production toward the Th2 response (13) (Figure 1).

The second possible aspect of sex hormone’s influence on thyroid function includes postnatal estrogens influence on the thyroid gland. ERα and ERβ have been detected in thyroid gland tissue- normal and neoplastic. The imbalance between estrogen receptors α and β may have a role in thyroid cancer development (44). The potential impact of ER β as tumor-suppressive in thyroid cancer has also been described (45–47).

The association between Hashimoto thyroiditis, TPOAb and obesity was supported in systemic review and meta-analysis (48). Our research showed that women with Hashimoto thyroiditis had significantly higher BMI than the controls, however our analysis showed the observed correlations were independent of BMI.

We suggest that relationships between first trimester maternal sex steroids and T4 and children’s 2D:4D should be examined. In addition, associations between 2D:4D, T4 and TSH should be considered in healthy children and adults. We predict that 2D:4D will be positively correlated with TSH. With regard to AITD’s, the main limitation of our research is the number of the studied participants with Hashimoto thyroiditis and Graves’ disease and its restriction to only female subjects. What is more, there are differences in patients’ age: women with Graves’ disease were older than those with Hashimoto thyroiditis and control women. On the other hand, the mean age of Graves’ disease onset is higher than for Hashimoto thyroiditis and 2D:4D digit ratio is independent of age (18). Theoretically, younger women from the control group may develop Graves’ disease in the future, however this disease is rare, so it seems most unlikely that this may occur. A study including patients of both sexes as well as patients with and without thyroid cancer would be beneficial. Also, similar studies in ethnic groups other than Caucasians should be performed.

In conclusion, women with Hashimoto thyroiditis have higher 2D:4D, and women with Graves’ disease have lower 2D:4D, than women without the diseases. Higher prenatal exposure to estrogens may play a role in the development of Hashimoto thyroiditis (e.g. by being indicative of higher sensitivity of estrogen receptors). In contrast, higher prenatal exposure to androgens (or lower to estrogens) may predispose to Graves’ disease. Further studies on the influence of prenatal sex hormones on vulnerability to develop autoimmune thyroid diseases are needed.
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