International Journal of General Medicine Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Stimulated Thyrotropin (TSH) Levels Were
Inversely Correlated with Age

Wen-Kai Bi', Hua Xu2, Zhen-Hua Tian3, Wei Teng4, Gui-Wen Zheng', Qing-Qing Yin®

'Department of Nuclear Medicine, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, Shandong, People’s Republic of
China; 2Shizhong District Center for Disease Control and Prevention, Jinan, Shandong, People’s Republic of China; 3Department of Endocrinology,

Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan, Shandong, People’s Republic of China; *“Department of Nuclear

Medicine, Laizhou People’s Hospital, Yantai, Shandong, People’s Republic of China; *Department of Geriatric Neurology, Shandong Provincial Hospital
affiliated to Shandong First Medical University, Jinan, Shandong, People’s Republic of China

Correspondence: Qing-Qing Yin, Shandong Provincial Hospital affiliated to Shandong First Medical University, No. 324 Jingwu Road, Jinan, Shandong,
250021, People’s Republic of China, Email yinqingqing@sdfmu.edu.cn

Purpose: Serum Thyrotropin (TSH) levels in the elderly have been reported to be inconsistent in different studies. One of the
difficulties in determining the effect of aging on TSH levels is that TSH levels are influenced by various factors, including thyroid-
related factors. Therefore, this study aimed to assess the effect of aging on TSH levels while controlling for thyroid factors.
Patients and Methods: This study included a total of 343 subjects, who underwent thyroidectomy, levothyroxine (LT4) supple-
mentation and withdraw. All participants were divided into young(18—44year old), middle(45—59year old), and old age(>60year old)
groups based on their age. The clinical data of the subjects were reviewed, and analyzed based on their age.

Results: With LT4 supplementation, there was no difference in free triiodothyronine (FT3), free thyroxine (FT4), and TSH levels
among the three age groups. However, after approximately 4 weeks of LT4 withdrawal, the TSH levels of the three groups showed
significant differences. The median stimulated TSH levels were 100, 83.1, and 64.6 mIU/L in the young, middle, and old age groups,
respectively (P<0.01). Moreover, the percentages of subjects, with TSH levels higher than 100 mIU/L, were 63.2%, 33.1%, and 12.9%
(P<0.01) in the young, middle, and old age groups, respectively. Spearman correlation analysis (R=—0.42, P<0.01) and partial
correlation analysis (R=—0.44, P<0.01) revealed an inverse correlation between age and TSH levels after LT4 withdrawal.
Conclusion: Aging plays an important role in TSH regulation. Age was inversely related to the stimulated TSH levels. The effect of
senescence on TSH levels, as well as the underlying regulatory mechanisms, warrant further investigation.

Keywords: aging, senescence, pituitary, thyroid

Introduction
TSH, a hormone synthesized and secreted by the pituitary gland, regulates the proliferation of thyroid cells, and
stimulates the thyroid gland to produce thyroxine (T4). However, studies have reported that the TSH receptor (TSHR)
is not only present in the thyroid but also in many other organs, including the brain, liver, heart, and adipose tissue.'”
Indeed, TSH plays a crucial role in regulating various extra-thyroid physiological and pathological processes, including
lipid metabolism, cognitive function, and atherosclerosis.®’ Moreover, abnormal TSH levels, whether elevated (sub-
clinical hypothyroidism) or decreased (subclinical hyperthyroidism), have been associated with various diseases.” Higher
TSH levels are associated with cardiovascular disease, dyslipidemia, cognitive decline, dementia, and Type 2 diabetes
mellitus.® On the other hand, lower TSH levels are related to cardiovascular disease, osteoporosis, fractures, dementia,
and cognitive dysfunction.” It is worth noting that these diseases are often associated with aging. Therefore, under-
standing the changes in TSH levels during aging can provide valuable insights into the prevention and treatment of these
TSH-related diseases.

The relationship between aging and TSH levels is a topic of ongoing debate in conflicting studies. The TSH levels of
the elderly have been reported to be increased, decreased, or unchanged.'®™'® These discrepancies can be attributed to
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various factors, including differences in study populations, study designs, and the complexity of the hypothalamus-
pituitary gland-thyroid (HPT) axis.

As part of the HPT axis coordination, TSH is feedback-suppressed by T4 and Triiodothyronine (T3) from the thyroid
gland, and is stimulated by thyrotropin-releasing hormone (TRH) from the hypothalamus. This intricate HPT axis
coordination maintains normal thyroid function. Therefore, changes in serum TSH concentration during the aging
process may not solely reflect alterations in TSH synthesis or secretion from the pituitary gland, but also the adaptation
of the HPT axis to aging. It is challenging to determine whether there is a single modifying factor or if each organ within
the axis adjusts independently during the aging process. While TRH remains relatively stable during the aging process,'*
the pituitary and thyroid play critical roles in the HPT axis adjustment to aging. Researchers and clinicians have primarily
focused on the aging thyroid, and considered that the changed physiological thyroid function contributes to the variation
in TSH levels during aging. However, these views have not been systematically verified. The direct effect of aging on
TSH levels is still not fully understood. This drives us to explore the effect of age on TSH levels while controlling for
thyroid factors.

Materials and Methods
patient

In this retrospective study, a total of 343 patients after thyroidectomy were included. Due to differentiated thyroid cancer
(DTC), the patients underwent thyroidectomy, TSH suppression therapy (levothyroxine supplementation, LT4 supple-
mentation), radioactive iodide (RAI) therapy in Shandong Provincial Hospital from October 2021 to January 2023.
Additionally, the preparation for RAI includes TSH stimulation (levothyroxine withdrawal, LT4 withdrawal), and a low

jodine diet!>'¢

(Figurel). These treatments allowed for the study of changes in TSH levels by controlling for thyroid
factors.

Patients with the following conditions were excluded: (1) patients with pituitary diseases; (2) patients with neurop-
sychiatric disorders, renal disease, and other conditions affecting thyroid function; (3) females who were pregnant or had
taken hormonal medication within the past one year. (4) patients who lacked sufficient follow-up information.

The subjects were divided into three groups based on age: young, middle, and old age group. The cutoff points chosen
for these groups were 45 years and 60 years.

The recorded data included the subjects’ medical history and laboratory test results. Medical history included age,
gender, height, body weight, blood pressure, and cancer situation (number and maximum diameter of DTC). Baseline

laboratory tests included FT3, FT4, TSH, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine,
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Figure | The treatment process of DTC patients.

Notes: In China, the patients with DTC usually underwent thyroidectomy, TSH suppression therapy (LT4 treatment), RAl therapy and TSH suppression therapy sequentially.
Additionally, the preparation for RAl included TSH stimulation (LT4 withdrawal) and a low iodine diet. In this process, we monitored the changes of serum TSH and thyroid
hormone (FT3 and FT4) levels.

Abbreviations: DTC, differentiated thyroid cancer; LT4, levothyroxine; RAI, radioactive iodide; TSH, Thyrotropin; FT3, free triiodothyronine; FT4, free thyroxine.
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glycemia, and uric acid. Body mass index (BMI) is defined as a person’s weight in kilograms divided by the square of his

height in meters (kg/mz). Glomerular filtration rate (GFR) is calculated using the MDRD formulas.'”"!8

Laboratory Examination

The thyroid hormones of the subjects were detected before and after T4 withdrawal separately. The hormone assessment
of thyroid function, including FT3, FT4, and TSH, was performed using Chemiluminescent methods (Cobas E601,
Roche, Basel, Switzerland).

When subjects admitted to hospital for radioactive iodide (RAI) therapy, Other clinical data were reviewed and
assessed after T4 withdrawal. Thyroglobulin (Tg) and Tg antibody (TgAb) were determined by ADVIA Centaur XP
(Siemens, Germany). Urinary iodine was assessed by colorimetry method (AU 5800, Beckman, California, USA).
Biochemical markers (ALT, AST, Creatinine, Glycemia, uric acid) were assessed by the ARCHITECT cil6200
Integrated System (Abbott, Illinois, USA).

The range of detection of the analytics measured was as follows: FT3(0.6-50pmol/l); FT4(0.5-100pmol/l); TSH
(0.005-100ulU/mL); Tg(0.1-1000ng/mL); TgAb(10-4000IU/mL); ALT(3-500u/1); Creatinine(30-2000umol/l);
Glycemia(0.6—45mmol/l); uric acid(89—1785umol/l).

Statistical Analysis

The statistical analysis was conducted using SPSS (version 21th). To assess the normality of the data, the Kolmogorov—
Smirnov test and Q-Q diagram were employed. Continuous variables, that were found to be non-normally distributed,
were presented as median with interquartile range. While, normally distributed variables were expressed as mean +
standard deviation (SD). If the data met the assumptions of normal distribution and homogeneity of variance, the
difference among the three groups was tested using ANOVA. Otherwise, the Kruskal-Wallis test was used. Spearman
rank correlation was utilized to estimate the correlation between age and TSH levels after T4 withdrawal. Partial
correlation analysis was used to measure the relationship between age and TSH levels after withdrawal whilst controlling
for the effect of potential interfering factors, including gender, systolic pressures (SPs), diastolic pressures (DPs). P <0.05
was considered as statistically significant.

Results

Clinical Characteristics
In this study, the subjects consisted of 228 females (66.5%) and 115 males (33.5%). The age of study population was 45.8
+13.3yr, and followed a normal distribution. Then, the subjects were divided into three groups: young, middle, and old
age group. The cutoff points chosen for these groups were 45 years and 60 years.

The baseline characteristics of the cohort were presented in Tablel. There were no significant differences in gender
ratio, BMI, ALT, AST, glycemia, uric acid, creatinine, GFR, and cancer situation (number and maximum diameter of
DTC) among the three groups. While, the differences were observed in systolic pressure (SPs), diastolic pressure (DPs),

GFR, and glycemia, which was in line with other studies.'® 2’

TSH Levels After LT4 Withdrawal Showed Significant Difference Among the Young,

Middle and Old Age Groups

Before LT4 withdrawal, there were no differences in FT3, FT4 and TSH levels among the three groups (Table2).
However, after approximately four weeks of LT4 withdrawal, the original levels of FT3 and FT4 in the body decreased.
Without the presence of self-thyroid and exogenous T4 supplementation, the feedback suppression of TSH was reduced.
As a result, the pituitary TSH reserve was maximally stimulated.

As stimulated TSH levels were higher than measured maximum, and FT4 levels were lower than detected minimum
in part of patients in this study. Kruskal-Wallis test, a nonparametric test, was used to examine the difference in TSH
levels and FT4 concentrations among the three groups. The median stimulated TSH levels were found to be 100 mIU/L
in the young age group, 83.1 mIU/L in the middle age group, and 64.6 mIU/L in the old age group. The difference
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Table | Baseline Characteristics of Patients

Young age | Middle age | Old age P value

(<45y) (45-59y) (>60y)
N 164 117 62 -
Gender (female %) 64 69.2 67.7 0.64
BMI 25.61+4.4 26.413.5 26.4+3.2 0.21
SPs (mmHg) 118.2+14.8% | 130.5+18.4 130.8+17.7 | <0.01
DPs (mmHg) 788+11.4% | 83.2%115 82.948.6 <0.01
ALT (U/L) 38.4+34.6 38.31£26.5 37+22.7 0.95
AST (U/L) 37.8+£27.9 39.2+20.7 37.5%15.8 0.85
Glycemia (mmol/L) 5.0+1.3*% 5.5+1.3 5.6x1.7 <0.01
Uric acid (umol/L) 346.9£119 328.9+£97 328.8£105.5 | 0.31
Creatinine (umol/L) 745£17.9 75.5%21.7 74.3%17.7 0.90
GFR 101.3+17.1*% | 89.4+14.9 87.9%16.4 <0.01
DTC number 2114 2214 2114 0.82
DTC max diameter (cm) | 1.5+£0.9 1.4£0.9 1.2£0.8 0.22

Note: The *standard for significant difference with the other two groups.

Table 2 Thyroid Function of Patients Before LT4 Withdraw

Young age | Middle age | Old age | P value
(<45y) (45-59y) (>60y)
N 164 117 62 -
FT3 (pmol/L) 4.4+0.8 4.3+0.9 4.5+0.9 0.6l
FT4 (pmol/L) 14.8+3.5 14.6+3.7 15+3.5 0.85
TSH (mIU/L) 1.5+3.3 1.0£2.1 1.3+5.0 0.48

between each group was significant (P<0.01, Table3). These data suggested that stimulated TSH levels decrease with
aging. The FT4 concentrations in most subjects (327 out of 343) was lower than the minimum detectable level. We did
not observe a significant difference in FT4 levels among the three age groups. Similarly, FT3 levels also did not show
a significant difference in these subjects.

Next, we classified the values of serum TSH levels into two categories depending on whether were in the detected
range. Using chi-square tests, we found a significant difference in the proportion of subjects whose TSH values were
higher than the maximum detectable range among the three age groups. The percentages of subjects with elevated TSH
levels were 63.2% in the young age group, 33.1% in the middle age group, and 12.9% in the old age group. The

Table 3 Thyroid Function of Patients After LT4 Withdraw

Young age | Middle age Old age P value
(<45y) (45-59y) (>60y)

N 164 117 62 -

FT3 (pmoli/L) 1.7£0.4 1.8+0.4 4.5+21.5 0.08
FT4 < Min (%) 95.7 932 98.4 0.28
TSH >Max (%) 63.2% 33.1% 12.9% <0.01
Tg (ng/mL) 25.7+73.2 30.7480.8 27.5£90.8 0.87
TgAb (IU/mL) 106£290.2 | 61.8+2744 | 145.4+532.5 0.28
Urinary iodine (ug/L) 214.1+63.8 214+48.1 202.5+59.4 0.37
T4 Withdraw time (day) 26.614.7 27.744.5 27.31+4.7 0.13

Note: The * standard for significant difference with the other two groups.
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Table 4 The Spearman Correlation Between Age and TSH
After LT4 Withdraw

N | Spearman correlation coefficient | P value

Total 343 —0.42 <0.01
Female | 228 —0.39 <0.01
Male 115 —0.52 <0.01

difference between each group was also significant (P<0.01, Table3). These findings suggested a potential correlation
between stimulated TSH levels and age.

Other factors affecting TSH regulation were also analyzed in this study (Table3). Tg is a glycoprotein produced by
thyroid follicular epithelial cells or DTC cells. It plays an important role in the synthesis and storage of thyroid
hormones. Tg antibody (TgAb) levels were found to be elevated in 20-30% of DTC patients and could interfere with
Tg determination. Therefore, Tg and TgAb levels are often used to assess residual thyroid gland function or DTC
recurrence in patients who have undergone thyroidectomy. In this study, no significant differences were observed in Tg
and TgAb levels among the three age groups, suggesting that the residual thyroid function was similar in all subjects.
Iodine, which is an essential component of thyroid hormone, can affect TSH secretion and the occurrence of DTC.
Urinary iodine, which reflects the iodine level in the body, also showed no significant differences among the three age
groups. Moreover, the duration of LT4 withdrawal was similar among the subjects, and did not appear to influence the
TSH response to LT4 withdrawal. These findings collectively supported that age independently affects TSH
concentration.

The Inverse Correlation Between Age and TSH Levels After LT4 Withdrawal

Spearman rank correlation was utilized to estimate the correlation between age and TSH levels after T4 withdrawal (R=
—0.42, P<0.01). This data suggested that older subjects are more likely to show lower TSH levels compared to their
counterparts after T4 withdrawal (Table4). Both male and female showed the same correlation. Additionally, we also
used the partial correlation analysis to consider other potential interfering factors such as gender, SPs, DPs, DTC number,
DTC diameter, Tg, TgAb, T4 withdrawal time, urinary iodine, ALT, AST, glycemia, uric acid, creatinine, and GFR. After
precluding these potential interfering factors, partial correlation analysis confirmed the correlation between age and TSH
after T4 withdrawal (R=-0.44, P<0.01).

Discussion

In the present study, we focused on understanding the impact of age on TSH regulation in patients after thyroidectomy.
Without self-thyroid and exogenous T4 supplementation, TSH cells in pituitary almost lost feedback suppression. As
a result, the TSH levels increased maximally. Our findings revealed an inverse correlation between age and TSH levels
after LT4 withdrawal. Older subjects were more likely to exhibit lower TSH levels compared to their younger counter-
parts. These data suggested that the aging process may lead to alterations in TSH regulation. Interestingly, the inverse
correlation between age and TSH levels was consistent across both male and female subjects. This indicated that age-
related changes in TSH regulation are not influenced by gender.

Moreover, there were some data supporting our report. Older individuals exhibited reduced TSH responsiveness to
TRH administration,lz’21 diminished nocturnal TSH surge,22 and altered circadian pattern of TSH secretion.'®?? These
findings supported the notion that the changes in TSH regulation with aging are part of a broader age-related alteration in
HPT-axis function. The exact mechanisms underlying the age-related changes in TSH regulation are still unclear and
require further investigation. It is possible that age-related changes in the hypothalamus-pituitary-thyroid axis, as well as
alterations in the hormone metabolism and sensitivity, contribute to the observed differences in TSH levels. Overall, our
study highlights that age is an important factor in the interpretation of TSH levels.

This study provided valuable insights into the impact of aging on TSH regulation and shed light on its clinical
implications. The stimulated TSH levels were significantly lower in the elderly compared to those in the younger
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individuals. Consistently, many other studies found that age is an important factor in TSH regulation'®'? and TSH-
related disorders.'*'* Together, the findings suggested that we should pay more attention to the role of age in TSH-
related diseases. Additionally, we also provided clinical evidences supporting personalized treatment approaches for DTC
patients. It suggested that the responsiveness of TSH cells to thyroid hormones changes is likely to be reduced with age.
Our study also implied that older subjects might need a longer period of T4 cease for RAI treatment.

However, it is worth noting that epidemiological research on the relationship between TSH levels and age has not
reached a consensus.''"'*** These discrepancies highlight the complexity of TSH regulation and its shift during the aging
process. The heterogeneity of the studies, including factors such as gender, age, race, BMI, and iodine intake, may
contribute to the divergent results. Furthermore, it is important to note that the elderly population exhibits significant
inter-individual variability in TSH levels,'* thereby adding to the complexity of understanding TSH regulation in aging.
The interplay between these factors may contribute to the variability in TSH levels observed in different studies. Further
research is needed to elucidate the mechanisms underlying the relationship between age and TSH regulation.

To harmonize these outcomes and focus on the correlation between age and TSH levels, a new studying model was
required. In our research, we selected subjects who were preparing for RAI treatment after thyroidectomy. By controlling
thyroid hormone feedback suppression, we were able to effectively examine the relationship between age and TSH
levels. The subjects of this study were patients with DTC, who usually needed sequential therapies including thyroi-
dectomy, exogenous T4 replacement, RAI, and/or observation. Because DTC cells retained the TSH-dependent growth
pattern of thyroid follicular cells, T4 supplementation was needed to suppress TSH after surge. In addition, increased
TSH improved the sodium/ iodide symporter (NIS) function of residual thyroid follicular epithelial cells and DTC cells,
thereby increased the uptake of 131-indione and the effect of RAL>* So, the preparation for RAI usually required LT4
withdrawal and low iodine diet in China.>® The supplementation and withdrawal of LT4 induced different TSH situation.
The model of our study was suitable in the researches on the TSH regulation. Besides, the inappropriate iodine uptake is
associated with higher DTC prevalence®® and abnormal TSH levels.?” The subjects in this study were mainly from
Shandong province, eastern of China, where the iodine intake of the population was appropriate. So, the surveys in other
areas would be required to evaluate the correlation between TSH levels and age. However, it’s important to note that
these results are specific to the population studied in this research. Further studies may be needed to confirm these
findings and explore the underlying mechanisms.

Alterations in the neuroendocrine system might be the potential mechanism explaining the changed TSH levels with
aging. It is crucial to acknowledge that there are many neuroendocrine factors that interact with and influence the HPT
axis. For instance, dopamine, an inhibitory neurotransmitter, can directly decrease serum TSH levels and reduce its
response to TRH administration.”' Leptin, a hormone involved in regulating energy balance, also plays a crucial role in
TSH rhythms. Leptin and TSH exhibit similar secretion patterns, and their thythms are coupled. In patients with a loss of
the leptin gene, the TSH rhythm disappears.”® Somatostatin can suppress TSH release through its receptors (SST2 and
SST5) expressed on TSH cells.?” It would be interesting to further explore the changes in these factors in our study
subjects. Although there are many other factors that modulate and interact with the HPT axis, thyroid feedback
suppression remains the main mechanism regulating TSH. Our study’s model sheds light on the relationship between
age and TSH levels by controlling thyroid feedback suppression, providing a powerful method for researching the HPT
axis.

It is interesting to note that there has been attention given to the relationship between TSH levels and longevity. Some
studies have reported that higher TSH levels are often associated with extended longevity in humans and certain
animals.?’>° However, the exact contribution of higher TSH concentration to exceptional longevity remains unclear,
and further research is needed to understand the interaction between age and TSH levels.

Conclusions

In conclusion, our study sheds light on the effect of aging on TSH levels. By controlling for thyroid feedback
suppression, we demonstrated an inverse correlation between age and stimulated TSH levels. These findings have
implications for clinical practice. We highlight that age should be taken into consideration when interpreting TSH levels
and designing personalized treatment strategies for patients with thyroid-related diseases.
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