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Objectives

Previous studies suggest urinary luteinizing hormone (LH) and follicle-stimulating hormone (FSH) measurements by immunofluorometric assays (IFMA) as noninvasive alternatives to serum assays for puberty assessment. However, these studies excluded patients with other endocrine disorders and those taking medications. Besides, the recent discontinuation of IFMA manufacturing is a concern. We explored the utility of luminometric assays (LIA) for urinary gonadotropins and thyroid-stimulating hormone (TSH) determinations in euthyroid patients with thyroid pathologies.





Methods

We used LIA and IFMA assays to measure serum and first-morning-voided (FMV) urine LH, FSH, and TSH concentrations in euthyroid patients with various thyroid disorders. Of the 47 euthyroid patients with normal serum TSH (S-TSH) levels, 14 were receiving levothyroxine therapy.





Results

FMV total urinary LH (U-LH) concentrations correlated significantly with those measured in serum using either LIA (r=0.67, P<.001) or IFMA (r=0.83, P=.003) in patients not receiving levothyroxine treatment; however, no significant correlation could be detected in patients receiving levothyroxine regardless of the assay method (for LIA: r=0.50, P=.08 and IFMA r=0.44, P=.15). Urinary TSH (U-TSH) concentrations correlated poorly with those in serum in both the untreated and the treated groups (r=-0.13, P=.49, and r=-0.45, P=.11, respectively).





Conclusion

FMV total U-LH determinations by LIA can be used to assess pubertal development in patients with thyroid pathology, provided the euthyroid patient is not on levothyroxine treatment. U-TSH measurements by LIA cannot replace invasive S-TSH measurements at least in patients with normal S-TSH levels. Further research may reveal the utility of U-TSH determinations in patients with elevated S-TSH levels.
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1 Introduction

Prior studies have shown that ultrasensitive immunofluorometric assays (IFMA) can measure luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels in first-morning-voided (FMV) urine samples, providing a potential noninvasive alternative to serum assays for evaluating puberty and its disorders (1–13). However, these studies have consistently excluded patients with endocrinologic, nephrologic, oncologic, or neurologic disorders, or those receiving medication at the time of sampling.

Given the structural and size similarities between FSH, LH and TSH, all of which share nearly identical alpha subunits and unique beta subunits, urinary TSH testing may emerge as a noninvasive alternative. Modern sensitive assays make its detection theoretically feasible for the development of a non-invasive screening test, a capability that was lacking in the radioimmunoassays of the 1980s (14). Urinary TSH excretion tends to be elevated in patients with primary hypothyroidism (15), unless complicated by comorbidities such as nephrotic syndrome, chronic renal failure, or tubular dysfunction since the filtered TSH and hormones of similar size and structure are efficiently reabsorbed in the proximal tubules subsequent to glomerular filtration (16, 17). Hypothyroidism is a common condition, with an estimated incidence of 4.1 cases per 1,000 women annually and 0.6 cases per 1,000 men per year (18). Up to 50% of euthyroid appearing patients who have undergone radioiodine therapy or surgery may have subclinical hypothyroidism (19). While serum thyroid-stimulating hormone (TSH) levels within normal limits suggest a lower risk of progression to overt hypothyroidism, the use of urinary gonadotropin measurements to evaluate pubertal development in such patients has not been confirmed in any study in relation to a potential suppression of the hypothalamic-pituitary-gonadal (HPG) axis in both males (20) and females (21). While there are several studies that have documented the beneficial effects of T4 replacement on male gonadal function, there is a lack of similar studies in women (22). Therefore, it is important to investigate whether other endocrine diseases or treatments could affect urinary gonadotropin measurements, including in euthyroid patients with different thyroid disorders and those treated with levothyroxine.

In this study, we aimed to explore the use of noninvasive urinary gonadotropin measurements, at least in thyroid patients who maintain a euthyroid state, and determine whether being on or off T4 replacement affects this measurement. Another concern was the recent discontinuation of IFMA kits (Wallac Ltd., PerkinElmer Finland, Turku, Finland) for LH and FSH diagnostics, which have been the primary choices of test in the vast majority of studies on urinary gonadotropin determinations. Alternative assay platforms are needed, and we have analyzed different assay methods to determine gonadotropins, especially total LH immunoreactivity in urine samples. In this exploratory study, we investigated the applicability of luminometric assays (LIA) as an alternative to IFMA for measuring urinary gonadotropins in euthyroid patients with different thyroid pathologies. We also evaluated the potential utility of urinary TSH (U-TSH) measurements by LIA and IFMA as U-TSH measurements may further expand the scope of noninvasive testing.




2 Materials and methods



2.1 Patients, samples and study design

This study included outpatients with signs or symptoms of thyroid disorders, such as autoimmune thyroiditis, congenital hypothyroidism, nodular goiter, multinodular goiter, or simple diffuse goiter, who visited the outpatient clinics of Dokuz Eylül University Hospital and Ege University Hospital. Inclusion criteria required a confirmed diagnosis of thyroid disease and a euthyroid state, as confirmed by normal TSH, total T4, free T4, and T3 analyses. Exclusion criteria excluded patients with underlying diseases or hypo/hyperthyroid states, other than a pathology confined to the thyroid gland. Patients whose euthyroid state was confirmed by both clinical and biochemical criteria were included in the study, with a mean age of 13.4 ± 3.6 years. Patient information on pubertal development is summarized in Table 1, with 14 patients receiving levothyroxine treatment and 33 patients not receiving treatment for at least 3 months at the time of sampling. Before making a decision to include or exclude subjects, their medical history and any previous diagnosis or treatment were recorded. Physical examination was performed, including thyroid palpation and, in selected cases, thyroid ultrasonography. Pubertal development was assessed based on Tanner staging (23) and measurement of testicular volume using a Prader orchidometer. All subjects underwent routine tests to confirm their eligibility for the study, including urinalysis, complete blood count, liver function tests, kidney function tests, and thyroid function tests. TSH, total T4, free T4, and T3 analyses were used to confirm euthyroidism in all patients, including those taking levothyroxine. Patients with high TSH levels but normal T4 or free T4 were excluded to avoid compensated hypothyroidism. LIA and IFMA assays were performed in Turkey and Finland to measure LH, FSH, and TSH concentrations in serum and urine samples. Patients were instructed to collect FMV urine samples and bring them to the hospital within one hour.


Table 1 | Patient information regarding pubertal development at the time of the study (in two on and off levothyroxine treatment subgroups).






2.2 Storage

Serum samples were stored at -20°C, while urine samples were stored at 4°C. To avoid U-LH degradation, urine samples were stored at +4°C for 2-4 weeks (1). The validity of the LH and FSH assays was established in a previous study, which showed that urine matrix had no effect on the results, allowing for storage at +4°C for up to 7 weeks without significant loss of LH and FSH.




2.3 Assays

Luminometric assays were performed to determine LH, FSH, and TSH concentrations in serum and urine using a non-isotopic immunoassay analyzer called LIA-MAT (Byk-Sangtec Diagnostica, Dietzenbach, Germany). The assays were calibrated against WHO reference preparations and precision studies were conducted to determine intra- and inter-assay variations. Intra-assay coefficients of variation (CV) for LH ranged from 2.2% to 3.5%, while intra-assay CV for FSH ranged from 2.4% to 4.7%. Inter-assay CV for LH ranged from 5.7% to 6.9%, while inter-assay CV for FSH ranged from 3.8% to 6.5%. Detection limits for LH and FSH were less than 0.4 IU/L and 0.5 IU/L, respectively. The working range for TSH was 0.33 to 100 µIU/mL, and inter-assay variability ranged from 4.7% to 12.2%. This study utilized also immunofluorometric assays (IFMA) using monoclonal antibodies (AutoDELFIA hFSH and hLH) to detect total LH and FSH in serum and urine. The assays were calibrated against WHO Second International Standards for Pituitary LH and FSH, respectively. The intra-assay CV for the LH and FSH assays were less than 2% at levels between 3 and 250 IU/L and approximately 10% at 0.3 IU/L. The inter-assay CV was less than 3% at 4-18 IU/L for both FSH and LH. The U-FSH and U-LH assays had detection limits of 0.018 and 0.015 IU/L, respectively, with intra- and inter-assay CVs ranging from 2.3% to 7.8% and 5.2% to 8.7%, respectively (1). Hormone concentrations were not corrected for variations in urinary excretion rate (1).




2.4 Statistical analyses

Power analysis was not conducted due to the exploratory nature of this study. We assessed normality using Kolmogorov-Smirnov and Shapiro-Wilk tests and determined the appropriate statistical test, either parametric or nonparametric, accordingly. To check for homogeneity of variances among groups, we used Levene’s test. Mann-Whitney U test was used to compare independent groups, such as patients receiving or not receiving levothyroxine treatment, based on discrepancies in hormone levels or their ratios. For paired analyses, such as investigating the differences in hormone concentrations in the same samples or different samples from the same patients, we used the Wilcoxon signed-rank test. Spearman’s rank correlation coefficient was preferred for nonparametric analysis of the correlation between urine and serum hormone concentrations and age or Tanner stage, given the results of normality tests and small sample size. A P-value less than 0.05 was considered statistically significant.




2.5 Ethical issues

The study followed the ethical guidelines for research involving human subjects as outlined in the World Medical Association’s Declaration of Helsinki of 1964, revised in 2013. Written informed consent was obtained from all parents/guardians and children aged 6 years or older and was kept on file at their respective institutions.





3 Results

Fourty-seven children or adolescents (42 girls and 5 boys, aged 0.7-18.5 yr) were included in the study. The descriptive characteristics (age, Tanner stage, pubic hair stage; and in boys, testis volume) of the levothyroxine-treated and untreated patients were not statistically different from each other (Table 1). Gonadotropin and TSH concentrations in serum and urine of patients with various thyroid pathologies treated and not treated with levothyroxine treatment are summarized in Table 2. There were no statistically significant differences between LIA and IFMA results obtained from serum and urine LH, FSH, TSH measurements in both untreated and levothyroxine-treated patients, except for U-FSH in the untreated group (Table 2). Serum LH concentrations measured by LIA and IFMA correlated strongly (r=0.67, P<.001) and very strongly (r=0.83, P=.003) with those in urine, respectively in patients who were not treated with levothyroxine (Figure 1); this correlation was absent in the treated group (r=0.50, P=.08 and r=0.44, P=.15, respectively) (Figure 1).


Table 2 | Mean, S.D., and range of LH, FSH and TSH concentrations determined by LIA and IFMA in serum and urine of euthyroid patients with various thyroid pathologies receiving and not receiving levothyroxine treatment, respectively.






Figure 1 | Correlation between serum and urine LH concentrations measured by LIA (upper panels) and IFMA (lower panels) in patients with various thyroid pathologies not treated with levothyroxine (left panels) and treated with levothyroxine (right panels). Concentrations are expressed in IU/L on a logarithmic scale.



Because S-LH concentrations were mostly in the 1-10 IU/L range for both IFMA and LIA measurements, additional statistical analysis was performed only for this relatively more homogeneous group; however, the phenomenon described above was still evident: LH concentrations measured in serum by LIA and IFMA correlated very strongly with those in urine (r=0.84 and r=0.93, respectively; P<.001 for both) in patients not treated with levothyroxine; however, this correlation was absent in the treated group by both methods (r=0.28, P=.34 and r=0.21, P=.51, respectively). The U-LH concentrations measured by LIA and IFMA correlated very strongly in the untreated group (r=0.87, P<.001), and strongly in the treated group (r=0.66, P=.01) (Figure 2). Levothyroxine treatment had no significant effect on the correlation between S-FSH and U-FSH concentrations, nor on the correlation between the U-FSH concentrations measured by LIA and IFMA measurements (data not shown). U-TSH concentrations correlated poorly with serum concentrations in both the untreated and treated groups (r=-0.13, P=.49 and r=-0.45, P=.11, respectively). Because of the discrepancies and poor correlation between urinary gonadotropin concentrations measured by IFMA and LIA, the investigation of replacing the former method with the latter could not be completed.




Figure 2 | Correlation between U-LH concentrations measured by IFMA and LIA in patients with various thyroid pathologies not receiving levothyroxine treatment (left panel) and receiving levothyroxine treatment (right panel). Concentrations are expressed in IU/L on a logarithmic scale.






4 Discussion

This study confirmed the strong correlation between urinary (U-LH) and serum (S-LH) concentrations of LH, with IFMA showing a stronger correlation than LIA (10). This discrepancy between the correlation levels might well be attributed to the fact that the IFMA method can detect very low prepubertal concentrations down to 0.02 IU/L, while the LIA method is unable to detect levels at below 0.1 IU/L. Our findings are consistent with previous research that pointed out the limitations of LIA in measuring urinary gonadotropins (10). Indeed, detecting changes at very low levels of LH is essential for the evaluation of prepuberty and the onset of central (biochemical) puberty. This isolated finding about the limitation of the LIA method down to 0.1 IU/L does not unequivocally establish the overall superiority of IFMA over LIA in terms of clinical utility. This is because two recent studies of ours have revealed that the onset of central puberty occurs at an FMV U-LH concentration of approximately 0.6 IU/L in girls and 0.7 IU/L in both sexes, respectively (24, 25). To compare the clinical utility of these assays in terms of parameters such as sensitivity and specificity, a ROC analysis should be conducted against a gold standard method, such as a GnRH-stimulation test or an early morning S-LH cut-off level (≤0.3 IU/L). Alternatively, to compare the technical performance of these assays, additional studies should be carried out on a larger cohort of samples featuring low, mid, and high levels of LH; subsequently, a Passing-Bablok regression analysis should be performed. The study suggests that noninvasive urinary gonadotropin measurement can be a useful tool for assessing pubertal development in euthyroid patients. However, the correlation between U-LH and S-LH concentrations was weaker in patients undergoing levothyroxine treatment, making it unsuitable for monitoring pubertal development in such cases. Levothyroxine withdrawal can be considered in children with normal T3, T4, and TSH levels after 2 years of regular treatment, and the best observation period for drug withdrawal should be 2-3 months. Therefore, U-LH determinations can be used to monitor pubertal development in euthyroid patients who have been off levothyroxine treatment for at least 3 months.

The study found that levothyroxine treatment did not negatively impact the correlation between U-LH concentrations measured by LIA and IFMA methods. However, a discordance of U-LH concentrations was observed when compared with S-LH concentrations, indicating that the discordance is not related to assay selection. Gonadotropins heterogeneity is known to affect the immunological properties of LH and thus on the immunoassay results (26). This heterogeneity affects the immunological properties of LH and may lead to the so-called “undetectable” or “invisible LH” phenomenon, which emphasizes the importance of understanding the conformational variants of LH, and from a practical perspective, highlights the need for improved standardization of gonadotropin assays (26). The same study suggests that the mechanism involving decreased reabsorption of gonadotropins with modified sialic acid residues plays a role in this discordance (26). Future research may unravel if levothyroxine treatment affects the bioactive to immunoreactive ratio of gonadotropins by inducing differences in glycosylation, molecular heterogeneity, and conflicting levels of immunoreactivity in in-vitro assays. Another explanation for the difference in U-LH and S-LH levels in the treated group could be the compensation of prepubertal nocturnal pulse deficits induced by hypothyroidism before levothyroxine treatment. According to Mann et al., the KNDy neurons play a significant role in connecting thyroid action to the GnRH neuronal network, and the release of pulsatile GnRH depends on the permissive action of thyroid hormone during early childhood (27).

The low bioactivity of gonadotropins in women with hypothyroidism was previously published by Tomasi et al. who reported elevated gonadotropin levels with a normal pulsatility of the gonadotropin secretion, possibly due to a decreased biological potency of the gonadotropins (28). Furthermore, treatment of hypothyroidism has been shown to reverse the partial suppression of the hypothalamic-pituitary-gonadal axis in adult women (22). Thus, an adequate levothyroxine treatment can increase the activity of LH pulses and secretion of bioactive LH into the nocturnal circulation (29–31). Nocturnal LH activity can be determined in FMV urine samples (3, 6), but not necessarily in daytime serum samples. Therefore, the correlation between FMV U-LH and daytime S-LH concentrations would be expected to be weak or absent in the late prepubertal and early-to-mid pubertal subgroup of the subjects receiving levothyroxine in this study. Because the population receiving levothyroxine treatment was not large enough to analyze among different pubertal stages, it was not possible to analyze this phenomenon in the current study; however, we hypothesize that this is the most likely explanation for the bias in the correlation between FMV U-LH and S-LH concentrations in the treatment group.

Due to the exclusion of patients with unconfirmed euthyroid states, the number of patients receiving levothyroxine treatment in the study was limited to less than half of the untreated group. This resulted in a narrower data distribution in the treated group, with the majority having S-LH concentrations between 1-10 IU/L measured by IFMA or LIA. Although the correlation between urinary gonadotropin measurements and levothyroxine treatment was poor, this was not solely due to the small number of treated patients. The non-parametric Spearman’s correlation between U-LH concentrations in the treated and untreated groups was similar and consistent with previous studies involving larger groups of patients (10). Similar results were also observed in a more homogeneous group of patients with S-LH concentrations between 1-10 IU/L measured by IFMA or LIA. A larger sample size would be advantageous to account for variations in microheterogeneity at different pubertal stages, which can be affected by sex steroids altering gonadotropin glycosylation and antibody recognition in both IFMA and LIA (32). Another limitation may be overcome by studying patients receiving similar doses of levothyroxine or by incorporating differences in levothyroxine doses in the statistical analysis (e.g., calculating adjusted correlation) since different doses of levothyroxine may alter the bioactive to immunoreactive ratio of the gonadotropins, which is an indirect index to measure differences in glycosylation that may alter the detection by monoclonal antibodies (26, 33).

The poor correlation between U-TSH and S-TSH concentrations obtained by LIA measurements indicates either that U-TSH measurements cannot be used as an alternative to invasive serum determinations in general, or that LIA is not the appropriate assay method for measuring U-TSH. In an previous study, we demonstrated the high noise-to-signal ratio of LIA assays only at levels below 5 IU/L (10). In this study, the S-TSH and U-TSH concentrations in both levothyroxine-treated and untreated patients ranged from a minimum of 0 IU/L for both to a maximum level of 5.5 IU/L and 5.0 IU/L, respectively (Table 2). Therefore, the results of this study should not be interpreted as a definitive failure of U-TSH determinations, but rather as an indication of either the ineffectiveness of LIA assays, or else the inadequacy of euthyroid cases for this purpose. Therefore, further research is needed to clarify the applicability of noninvasive U-TSH assays as an alternative method to serum testing in patients with high S-TSH levels. Further research can also be conducted by using alternative ultrasensitive assays to evaluate the usability of U-TSH measurements in euthyroid patients.

As reported in our recent studies, total LH immunoreactivity is derived from three different forms of LH (intact LH and its degradation products, namely the LH beta-subunit, and the 12 kD fragment of LH beta, called the core fragment) (34–36). Due to the different composition of LH isoforms and degradation products, a thorough analysis of different LH assay methods to measure the intact and total LH immunoreactivity in a larger cohort using formal power calculations is required. Such a study design with a substantially larger number of subjects would also allow for stratification of the data by pubertal stage using multivariate analysis.

We can conclude that total LH determinations by LIA in FMV urine samples can be used to evaluate pubertal development in patients with thyroid pathology as an alternative to the discontinued IFMA assays and as a general alternative to invasive serum assays, provided that the patient is in a euthyroid state and has not been on levothyroxine treatment for at least three months prior to sampling. U-TSH measurements by LIA cannot replace invasive S-TSH measurements in euthyroid cases; however, future research may clarify the clinical utility of U-TSH determinations in patients with high S-TSH levels.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Dokuz Eylül University Hospital and Ege University Hospital (Izmir, Turkey) and Pediatric Research Center, New Children’s Hospital, University of Helsinki, and Helsinki University Hospital (Helsinki, Finland) Ethics Committee decree number: Ethics Committee Approval HUS/2426/2018, Research Permit HUS/54/2019. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.





Author contributions

All the authors contributed to the research concept and design. AD, EB, SD, AA, and AB contributed to the collection and/or assembly of data. All the authors contributed to data analysis and interpretation. AD and MH contributed to writing the article. All authors contributed to the article and approved the submitted version. All the authors have accepted responsibility for the entire content of this submitted manuscript and approved the submission.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Part of the study was financed by grants from The Finnish Medical Foundation (Suomen Lääketieteen Säätiö, grant numbers 3583 and 5393) and The Päivikki and Sakari Sohlberg Foundation (Päivikki ja Sakari Sohlbergin säätiö, 2021).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Demir, A, Alfthan, H, Stenman, UH, and Voutilainen, R. A clinically useful method for detecting gonadotropins in children: assessment of luteinizing hormone and follicle-stimulating hormone from urine as an alternative to serum by ultrasensitive time-resolved immunofluorometric assays. Pediatr Res (1994) 36(2):221–6. doi: 10.1203/00006450-199408000-00014

2. Demir, A, Dunkel, L, Stenman, UH, and Voutilainen, R. Age-related course of urinary gonadotropins in children. J Clin Endocrinol Metab (1995) 80(4):1457–60. doi: 10.1210/jcem.80.4.7714124

3. Demir, A, Voutilainen, R, Juul, A, Dunkel, L, Alfthan, H, Skakkebaek, NE, et al. Increase in first morning voided urinary luteinizing hormone levels precedes the physical onset of puberty. J Clin Endocrinol Metab (1996) 81(8):2963–7. doi: 10.1210/jcem.81.8.8768859

4. Zung, A, Raisin, A, Zadik, Z, and Chen, M. Nocturnal integrated gonadotropin concentrations in evaluating pubertal transition in girls. J Pediatr Endocrinol Metab (2000) 13(4):417–23. doi: 10.1515/JPEM.2000.13.4.417

5. Zung, A, Burundukov, E, Ulman, M, Glaser, T, Rosenberg, M, Chen, M, et al. The diagnostic value of first-voided urinary LH compared with GNRH-stimulated gonadotropins in differentiating slowly progressive from rapidly progressive precocious puberty in girls. Eur J Endocrinol (2014) 170(5):749–58. doi: 10.1530/EJE-14-0010

6. Demir, A, Voutilainen, R, Stenman, UH, Dunkel, L, Albertsson-Wikland, K, and Norjavaara, E. First morning voided urinary gonadotropin measurements as an alternative to the GnRH test. Horm Res Paediatr (2016) 85(5):301–8. doi: 10.1159/000440955

7. Lucaccioni, H, Granjon, L, Dalecky, A, Fossati, O, Le Fur, J, Duplantier, JM, et al. From human geography to biological invasions: the black rat distribution in the changing southeastern of Senegal. PloS One (2016) 11(9):e0163547. doi: 10.1371/journal.pone.0163547

8. Kolby, N, Busch, AS, Aksglaede, L, Sorensen, K, Petersen, JH, Andersson, AM, et al. Nocturnal urinary excretion of FSH and LH in children and adolescents with normal and early puberty. J Clin Endocrinol Metab (2017) 102(10):3830–8. doi: 10.1210/jc.2017-01192

9. Shim, YS, An, SH, Lee, HJ, Kang, MJ, Yang, S, and Hwang, IT. Random urinary gonadotropins as a useful initial test for girls with central precocious puberty. Endocr J (2019) 66(10):891–903. doi: 10.1507/endocrj.EJ19-0071

10. Demir, A, Aydin, A, Buyukgebiz, A, Stenman, UH, and Hero, M. Urinary gonadotropin measurements by enhanced luminometric assays (LIA) for the evaluation of pubertal development. J Pediatr Endocrinol Metab (2021) 34(7):859–66. doi: 10.1515/jpem-2020-0598

11. Goldberg, M, Ciesielski Jones, AJ, McGrath, JA, Barker-Cummings, C, Cousins, DS, Kipling, LM, et al. Urinary and salivary endocrine measurements to complement Tanner staging in studies of pubertal development. PloS One (2021) 16(5):e0251598. doi: 10.1371/journal.pone.0251598

12. Zhan, S, Huang, K, Wu, W, Zhang, D, Liu, A, Dorazio, RM, et al. The use of morning urinary gonadotropins and sex hormones in the management of early puberty in Chinese girls. J Clin Endocrinol Metab (2021) 106(11):e4520–e30. doi: 10.1210/clinem/dgab448

13. Yao, Y, Mao, S, Yuan, K, He, M, Dong, M, Huang, Y, et al. First morning voided urinary gonadotropins in children: verification of method performance and establishment of reference intervals. Clin Chem Lab Med (2022) 60(9):1416–25. doi: 10.1515/cclm-2022-0296

14. Yoshida, K, Sakurada, T, Kaise, K, Kaise, N, Nomura, T, Itagaki, Y, et al. Measurement of thyroid stimulating hormone (TSH) in human urine. Endocrinol Jpn (1988) 35(5):733–9. doi: 10.1507/endocrj1954.35.733

15. Kuku, SF, Harsoulis, P, Young, JL, and Fraser, TR. Concentrations of immunoreactive thyrotrophic hormone in urine of normal subjects, patients with thyroid disorders and hypopituitarism, and after infusion of human thyrotrophic hormone. J Endocrinol (1974) 62(3):645–55. doi: 10.1677/joe.0.0620645

16. Maack, T, Johnson, V, Kau, ST, Figueiredo, J, and Sigulem, D. Renal filtration, transport, and metabolism of low-molecular-weight proteins: a review. Kidney Int (1979) 16(3):251–70. doi: 10.1038/ki.1979.128

17. Rabkin, R, and Kitaji, J. Renal metabolism of peptide hormones. Miner Electrolyte Metab (1983) 9(4-6):212–26.

18. Vanderpump, MP, Tunbridge, WM, French, JM, et al. The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol (Oxf) (1995) 43(1):55–68. doi: 10.1111/j.1365-2265.1995.tb01894.x

19. Vanderpump, MP, and Tunbridge, WM. Epidemiology and prevention of clinical and subclinical hypothyroidism. Thyroid (2002) 12(10):839–47. doi: 10.1089/105072502761016458

20. Jaya Kumar, B, Khurana, ML, Ammini, AC, Karmarkar, MG, and Ahuja, MM. Reproductive endocrine functions in men with primary hypothyroidism: effect of thyroxine replacement. Horm Res (1990) 34(5-6):215–8. doi: 10.1159/000181828

21. Saran, S, Gupta, BS, Philip, R, Singh, KS, Bende, SA, Agroiya, P, et al. Effect of hypothyroidism on female reproductive hormones. Indian J Endocrinol Metab (2016) 20(1):108–13. doi: 10.4103/2230-8210.172245

22. Bachimanchi, B, Vaikkakara, S, Sachan, A, Praveen Kumar, G, Venkatanarasu, A, Sai Krishna Chaitanya, P, et al. Effect of adequate thyroid hormone replacement on the hypothalamo-pituitary-gonadal axis in premenopausal women with primary hypothyroidism. Eur Thyroid J (2019) 8(3):152–8. doi: 10.1159/000495563

23. Tanner, JM, and Davies, PS. Clinical longitudinal standards for height and height velocity for North American children. J Pediatr (1985) 107(3):317–29. doi: 10.1016/S0022-3476(85)80501-1

24. Demir, A, Hero, M, Juul, A, and Main, KM. Sex-independent timing of the onset of central puberty revealed by nocturnal luteinizing hormone concentrations. Clin Endocrinol (Oxf) (2023) 99(6):552–8. doi: 10.1111/cen.14974

25. Demir, A, Buyukgebiz, A, Aydin, A, and Hero, M. Quantification of overnight urinary gonadotropin excretion predicts imminent puberty in girls: a semi-longitudinal study. Hormones (Athens) (2023). doi: 10.1007/s42000-023-00499-7.

26. Roger, M, and Lalhou, N. Heterogeneity of plasma gonadotropins. Consequences on immunological properties of LH. Nucl Med Biol (1994) 21(3):349–57. doi: 10.1016/0969-8051(94)90058-2

27. Mann, DR, and Plant, TM. The role and potential sites of action of thyroid hormone in timing the onset of puberty in male primates. Brain Res (2010) 1364:175–85. doi: 10.1016/j.brainres.2010.09.082

28. Tomasi, PA, Fanciulli, G, Zini, M, Demontis, MA, Dettori, A, and Delitala, G. Pulsatile gonadotrophin secretion in hypothyroid women of reproductive age. Eur J Endocrinol (1997) 136(4):406–9. doi: 10.1530/eje.0.1360406

29. Dunger, DB, Villa, AK, Matthews, DR, Edge, JA, Jones, J, Rothwell, C, et al. Pattern of secretion of bioactive and immunoreactive gonadotrophins in normal pubertal children. Clin Endocrinol (Oxf) (1991) 35(3):267–75. doi: 10.1111/j.1365-2265.1991.tb03534.x

30. Kasa-Vubu, JZ, Padmanabhan, V, Kletter, GB, Brown, MB, Reiter, EO, Sizonenko, PC, et al. Serum bioactive luteinizing and follicle-stimulating hormone concentrations in girls increase during puberty. Pediatr Res (1993) 34(6):829–33. doi: 10.1203/00006450-199312000-00026

31. Reiter, EO, Biggs, DE, Veldhuis, JD, and Beitins, IZ. Pulsatile release of bioactive luteinizing hormone in prepubertal girls: discordance with immunoreactive luteinizing hormone pulses. Pediatr Res (1987) 21(4):409–13. doi: 10.1203/00006450-198704000-00018

32. Ulloa-Aguirre, A, Midgley, AR Jr., Beitins, IZ, and Padmanabhan, V. Follicle-stimulating isohormones: characterization and physiological relevance. Endocr Rev (1995) 16(6):765–87. doi: 10.1210/edrv-16-6-765

33. Zerfaoui, M, and Ronin, C. Glycosylation is the structural basis for changes in polymorphism and immunoreactivity of pituitary glycoprotein hormones. Eur J Clin Chem Clin Biochem (1996) 34(9):749–53.

34. Demir, A, Hero, M, Holopainen, E, and Juul, A. Quantification of urinary total luteinizing hormone immunoreactivity may improve the prediction of ovulation time. Front Endocrinol (Lausanne) (2022) 13:903831. doi: 10.3389/fendo.2022.903831

35. Demir, A, Hero, M, Alfthan, H, Passioni, A, Tapanainen, JS, and Stenman, UH. Identification of the LH surge by measuring intact and total immunoreactivity in urine for prediction of ovulation time. Hormones (Athens) (2022) 21(3):413–20. doi: 10.1007/s42000-022-00368-9

36. Demir, A, Hero, M, Alfthan, H, Passioni, A, Tapanainen, JS, and Stenman, UH. Intact luteinizing hormone (LH), LHbeta, and LHbeta core fragment in urine of menstruating women. Minerva Endocrinol (Torino) (2022). doi: 10.23736/S2724-6507.22.03565-5




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Demir, Böber, Darcan, Aydın, Stenman, Büyükgebiz and Hero. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo.2023.1236710_cover.jpg
& frontiers | Frontiers in Endocrinology

The negative impact of levothyroxine
treatment on urinary luteinizing hormone
measurements in pediatric patients with

thyroid disease





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The negative impact of levothyroxine treatment on urinary luteinizing hormone measurements in pediatric patients with thyroid disease

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patients, samples and study design

          



          		

            2.2 Storage

          



          		

            2.3 Assays

          



          		

            2.4 Statistical analyses

          



          		

            2.5 Ethical issues

          



        



        



        		

          3 Results

        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Descriptive stat

cal data regarding gonadotropin and

rotropin concentrations

LIA IFMA
Patients treated
with levothyroxine Mean SD / Range Mean ‘ SD / Range
S-LH (n=13) 4.68 4.2/ 1.00-16.40 550 459 /0.03-17.00
U-LH (n=14) 221 332/040-11.90 4.16 6.42/0.03-22.70
S-FSH (n=13) 350 1,52/ 0.90-5.45 4.67 420/0.17-12.70
U-FSH (n=14) 747 7.65 / 0.50-25.00 346 5.68 /0.03-21.40
S-TSH (n=14) 133 091 /0.33-3.00 -
U-TSH (n=14) 1.99 1.98 / 0.33-5.00 -
LIA IFMA
Patients not treated
with levothyroxine Mean SD / Range Mean SD / Range
S-LH (n=31) 515 7.63 /032-37.00 621 9.86 / 0.03-47.00
U-LH (n=33) 467 10.07 / 0.40-47.60 5.84 10.25 / 0.02-44.20
S-FSH (n=31) 3.40 235 /0.70-10.0 4.19 3.38/0.07-13.50
U-FSH (n=33) 8.18 830/ 0.50-32.30 320 5.12/0.03-11.70
S-TSH (n=33) 193 0.83 / 0.50-3.00 - -
U-TSH (n=33) 1.81 1.62 / 0.33-5.50 = -

P-value

0.50

0.40

0.06
NA.

NA.

P-value

0.94

N.A.

S.D, Standard deviation; LH, Luteinizing hormone; FSH, Follicle-stimulating hormone; TSH, Thyroid-stimulating hormone; LIA, Luminometric assay; IFMA, Immunofluorometric assays.
Hormone concentrations are depicted in IU/L. FSH and LH concentrations are depicted in IU/L, and TSH concentrations in uIlU/mL.
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Patient information regarding pubertal development

On- Off-
treatment  treatment All
14 n=33 n=47

Age 13.94 (4.78) 13.17 (2.48) 13.40 (3.29)
Tanner stage - Girls
(B1/2/3/4/5) 0/0/4/2/5 4/3/16/8/0 4/3/20/10/5
Tanner stage - Boys

2/0/1/0/0 2/0/0/0/0 4/0/1/0/0
(G12/3/415) /0/1/0/ /0/0/0/ /0/1/0/¢
Testis volume (mL) 3.00 (1.73) 2.00 (0.00) 2.60 (1.34)
Pubic hair stage

2/1/213/6 5/3/15/10/0 7/4/17/13/6
(11213/4715) 117213/ /3/15/10/1 14/17/13/¢

Mean (standard deviation) values are depicted for age and testis volumes; B and G represent
Tanner breast and gonadal stages, respectively.





