
1

Vol.:(0123456789)

Scientific Reports |        (2024) 14:11477  | https://doi.org/10.1038/s41598-024-62297-4

www.nature.com/scientificreports

Association between serum Klotho 
levels and hypothyroidism in older 
adults: NHANES 2007–2012
Yan Wang 1,2, Ben Hu 3 & Suyun Yang 1*

Whether Klotho plays any role in hypothyroidism is unknown. This study aimed to determine the 
relationship between serum Klotho levels and hypothyroidism in older adults. From the 2007 to 2012 
National Health and Nutrition Examination Survey (NHANES), 1444 older adults aged 65–79 were 
included in this cross-sectional study. Hypothyroidism was diagnosed using participants’ reports of 
current medications and TSH tests. Klotho was measured using an enzyme-linked immunosorbent 
assay. The relationship between serum Klotho levels and hypothyroidism in older people was 
analyzed by one-way analysis of variance, multiple linear regression models, subgroup analyses, 
interaction tests, smoothed curve fitting, and threshold effects. A total of 209 (14.47%) participants 
were identified as having hypothyroidism. Serum Klotho (ln transformation) is independently and 
significantly negatively associated with the risk of hypothyroidism after complete adjustment for 
confounders (OR = 0.49, 95% CI 0.31–0.80; P = 0.0039). The results remained stable based on subgroup 
analyses and interaction tests. However, we observed an inverted U-shaped curve between the two 
using a smoothed curve fitting in the subgroups of 70 < age ≤ 75 years and females, with inflection 
points of 6.26 and 6.17, respectively. The results of our study indicate that serum Klotho levels 
negatively correlate with hypothyroidism among older adults.
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With the aging of the population and the extension of life expectancy, the number of elderly people aged 65 and 
above is increasing, and hypothyroidism has become a common endocrine disease in the elderly1. It is estimated 
that in the UK, hypothyroidism affects nearly 800,000 elderly people annually2. A nationwide survey in the United 
States showed that from 2007 to 2015, the prevalence of hypothyroidism in elderly individuals increased from 
5.62 to 8.24%3. Research indicates that the prevalence of hypothyroidism in elderly individuals is expected to 
continue to rise4. Therefore, the group of elderly individuals with hypothyroidism requires heightened attention. 
Compared to younger patients, hypothyroidism in elderly patients presents with more subtle and nonspecific 
symptoms5. If left untreated, it can affect multiple organ systems, including the cardiovascular system and cogni-
tive function6. While hypothyroidism in elderly patients causes harm to their physical and mental health, it also 
poses significant challenges to healthcare systems, encompassing medical care, home care, and public health4,7. 
Therefore, it is necessary to conduct in-depth research on the spectrum of hypothyroidism in elderly individuals 
and its associated influencing factors, in order to provide a reference basis for guiding the standardized manage-
ment of hypothyroidism in elderly patients in the future.

The α-Klotho protein (also known as Klotho protein) is a transmembrane protein that acts as a coreceptor 
for the endocrine fibroblast growth factor 23 (FGF23), which is predominantly expressed in renal tubules and 
exhibits properties such as anti-aging, antioxidant, and anti-inflammatory effects8,9. Decreased serum Klotho 
levels have been found to be associated with chronic kidney disease10, cardiovascular disease11, and Alzheimer’s 
disease12. Previous studies have also explored the association between Klotho and indicators of thyroid function. 
For instance, in an animal study conducted by Zhang et al., it was demonstrated that thyroid function indicators 
increased the levels of Klotho protein in the aortas of rats, thereby inhibiting vascular calcification13. Kutluturk 
et al. found a significant negative correlation between thyroid function indicators and FGF-23 and α-Klotho 
in obese children and adolescents14. Although these studies have revealed potential unexpected connections 
between Klotho and thyroid function indicators, further analysis of the relationship between Klotho and thyroid 
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dysfunction in specific populations in the real world is lacking. Additionally, there is a lack of research focusing 
on the association between Klotho and hypothyroidism in the elderly.

Considering the above, our study investigated the relationship between serum Klotho levels and hypothy-
roidism in older adults aged 65 years and older using the National Health and Nutrition Examination Survey 
(NHANES) to further elucidate the role of α-Klotho in thyroid function and healthy aging.

Materials and methods
Data source and study population
The National Health and Nutrition Examination Survey (NHANES) was designed by the National Center for 
Health Statistics (NCHS) to assess the health and nutritional status of the U.S. deinstitutionalized population 
using a complex multi-stage cluster probability sampling design15. The survey protocol for data collection was 
authorized by the Ethical Review Board of the National Centre for Health Statistics, and all participants signed 
an informed consent form16. More detailed information about NHANES can be found at http://​www.​cdc.​gov/​
nchs/​nhanes/​index.​htm. In this study, we analyzed NHANES data from three cycles: 2007–2008, 2009–2010, and 
2011–2012, as participants in this module had detailed serum Klotho values and reported thyroid medication 
use, as well as information on thyroid laboratory tests. The sample selection flowchart is shown in Fig. 1. From 
the 30,442 participants, we eliminated 22,082 subjects with missing serum Klotho data, 3681 respondents with 
unreported thyroid test results, and 3235 subjects younger than 65. In the end, 1444 patients in total, including 
209 with hypothyroidism and 1235 without, were included in the analysis.

Serum Klotho
We examined Klotho as an independent variable. Three cycles of serum Klotho samples taken from participants 
aged 65–79 years, stored at a temperature of − 80 °C, were analyzed in duplicate for experimental data using the 
IBL ELISA method20. Serum Klotho has no specific cut-off point for use as an indicator of biological age and is 
measured with a sensitivity of 6 pg/mL. A mean of 698.0 pg/mL for serum Klotho levels ranged from 285.8 to 
1638.6 pg/mL.

Measurement of hypothyroidism
Hypothyroidism was the dependent variable in this study. We diagnosed hypothyroidism based on participants’ 
reports of current medications and TSH tests. In accordance with the manufacturer’s guidelines, the NHANES 
document identifies the reference range for normal TSH as 0.34–5.60 mIU/L21. Subjects were defined as hypo-
thyroid if they reported that they were currently receiving thyroid hormone replacement therapy (taking levothy-
roxine or dry thyroid (DT)) regardless of their body’s TSH level or if their TSH level was greater than 5.6 mIU/L 
and they were not taking any antithyroid drugs. Subjects were classified as controls if they did not match the 
aforementioned requirements. To further characterize the participants, individuals with hypothyroidism were 
classified based on the degree of the disease (clinical hypothyroidism and subclinical hypothyroidism) according 
to the FT4 values, using the normal reference range of 0.6–1.6 ng/dL provided in the NHANES documentation17. 
Clinical hypothyroidism is defined as TSH > 5.6 mIU/L, FT4 < 0.6 ng/dL, or the use of levothyroxine18. Sub-
clinical hypothyroidism is defined as TSH > 5.6 mIU/L, 0.6 < FT4 < 1.6 ng/dL19. In addition, since autoimmune 
hypothyroidism is caused by autoimmune thyroiditis (AIT)20, our study also assessed the association between 
AIT and serum Klotho levels. AIT is defined as the presence of positive thyroid peroxidase antibodies (TPOAb) 
or positive thyroglobulin antibodies (TgAb)21. According to the normal reference ranges for TPOAb and TgAb 

Figure 1.   The sample selection flowchart.

http://www.cdc.gov/nchs/nhanes/index.htm
http://www.cdc.gov/nchs/nhanes/index.htm
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provided in the NHANES documentation, TPOAb positivity is defined as ≥ 9.0 IU/mL, and TgAb positivity is 
defined as ≥ 4.0 IU/mL17.

Covariates
The selection of covariates was based on biological considerations and published literature22–24, which include age, 
sex (categories: male, female), race (categories: non-Hispanic white, others), educational attainment (categories: 
less than high school, high school, and more than high school), family income-poverty ratio (categories: < 1.0 as 
low, 1–3 as moderate, and ≥ 3 as high), body mass index (BMI), smoking status (categories: never smoked, ever 
smoked, and currently smoked), alcohol consumption status ( categories: no alcohol, low to moderate alcohol and 
heavy alcohol), physical activity (categories: active, not active enough), glomerular filtration rate (eGFR), total 
cholesterol (TC) concentration in blood samples, diabetes mellitus (categories: yes, no), cardiovascular disease 
(categories: yes, no) and history of hypertension (categories: yes, no). Of these, never smokers were identified 
as those who had smoked fewer than 100 cigarettes in their lifetime, ex-smokers were those who had smoked 
more than 100 cigarettes in their lifetime but no longer smoked, and current smokers were defined as those who 
had smoked more than 100 cigarettes and smoked either sometimes or continuously. With regard to drinking 
status, heavy drinkers were defined as men who drink two glasses or more per day and women who drink one 
glass or more per day, while low- to moderate drinkers were defined as men who drink two glasses less per day 
and women who consume one glass less per day. Based on the body mass index calculation, BMI was divided 
into three groups: normal < 25 kg/m2, overweight 25–30 kg/m2, and obese ≥ 30 kg/m225. Glomerular filtration 
rate (eGFR, ml/min/1.73 m2) was assessed using the Chronic Kidney Disease Epidemiological Collaboration 
equation26. Physical activity is calculated based on the duration of moderate and high intensity activities27. Car-
diovascular disease (CVD) was defined as a patient’s self-reported diagnosis of congestive heart failure, coronary 
artery disease, angina, heart attack, or stroke. More detailed measurement procedures for these variables are on 
the NHANES website.

Statistical analysis
Statistical analyses were carried out using R package 4.3.0 (http://​www.R-​proje​ct.​org) and EmpowerStats (www.​
empow​ersta​ts.​com). Continuous variables were expressed as mean (standard deviation, SD) or median (inter-
quartile range, IQR), while categorical variables were expressed as frequency (percentage). Considering the 
skewed Klotho distribution, the data were transformed into natural logarithms and expressed in quartiles. 
When analyzing baseline characteristics, analysis of variance (ANOVA) or non-parametric tests for continuous 
variables and chi-square tests for categorical variables were used to detect statistical differences between serum 
Klotho quartiles and between having hypothyroidism or not. Screening for risk factors for hypothyroidism in 
older people using univariate analysis. Using a logistic generalized linear model, we evaluated whether Klotho 
correlates with hypothyroidism. Regression models (Models 1 to 2) were tested by adjusting for potential con-
founders. Model 1 was minimally adjusted for age, sex, and race. Model 2 was fully adjusted for age, sex, race, 
education, household income to poverty ratio, BMI, smoking status, drinking status, physical activity, diabetes, 
hypertension, CVD, eGFR, and TC. A smooth curve was fitted to the results, and adjusted odds ratio (OR) and 
95% confidence interval (CI) were provided. The association between serum Klotho and hypothyroidism was 
investigated using a threshold effect analysis model. To assess the stability of the findings, subgroup analyses 
were performed by stratifying by age, sex, race, BMI, diabetes, CVD, and eGFR. The adjustment strategy was the 
same as the fully adjusted model (Model 2) except for the variable itself. The log-likelihood ratio test assessed the 
interaction between serum Klotho levels and subgroup variables. We employed a multivariate logistic regression 
model to assess the association between serum Klotho levels and clinical hypothyroidism, subclinical hypothy-
roidism, and autoimmune thyroiditis. The adjustment strategy was consistent with that of Model 1 and Model 2. 
We employed a multiple imputation (MI) and chained equation technique based on five replications in the R28. 
Multiple imputation was applied to the missing data (drinking status, smoking status, family income-poverty 
ratio, education level, hypertension, diabetes, BMI) to prevent a deterioration in the effectiveness and bias of 
the statistical analyses owing to the direct exclusion of missing values. Multivariate logistic regression analysis 
was performed on the five newly created data sets, and the outcomes were merged. The statistical significance 
was P < 0.05.

Ethics approval and consent to participate
The National Center for Health Statistics (NCHS) Research Ethics Review Board approved all study protocols 
for NHANES. All participants provided written informed consent (https://​www.​cdc.​gov/​nchs/​nhanes/). Protocol 
number: #2005–2006 and #2011–2017. We followed all relevant regulations and guidelines when performing 
all methods.

Results
Baseline characteristics of participants
There were a total of 1444 participants, 49.03 per cent of whom were female, with a mean age of 71.38 ± 4.20 years. 
The mean serum Klotho concentration was 827.23 ± 288.99 pg/mL. Non-Hispanic white people comprised the 
bulk of participants, and 14.47% of participants had hypothyroidism.

Based on Klotho (ln transformation) quartiles, Table 1 shows the clinical characteristics of the participants. 
Differences in serum Klotho quartiles were statistically significant with respect to sex, drinking status, hyper-
tension, and glomerular filtration rate (P < 0.05). As shown in Table 1, females and participants with higher 
glomerular filtration rate values were more likely to have higher Klotho levels between the four groups.

http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com
https://www.cdc.gov/nchs/nhanes/
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The participants were grouped according to the presence or absence of hypothyroidism, and the demographic 
and health characteristics of the two groups are shown in Supplementary Table 1. Age, sex, race, serum Klotho 
level, and glomerular filtration rate were statistically significant in determining the presence or absence of hypo-
thyroidism (P < 0.05). Patients with hypothyroidism tend to be female and have lower glomerular filtration rate 
values as well as lower levels of serum Klotho concentrations than those with non-hypothyroidism.

Univariate analysis
We performed a univariate analysis of hypothyroidism (Supplementary Table 2). Compared with men, women 
had a 1.64-fold increased risk of hypothyroidism, a statistically significant difference (P < 0.001). See Supple-
mentary Table 1 for other results.

Association between Klotho and hypothyroidism
We used a multivariate logistic regression model to investigate the association between serum Klotho (ln trans-
formation) and hypothyroidism (Table 2). In the unadjusted model, each unit increase in serum Klotho was 
associated with a 47% reduction in the risk of hypothyroidism (OR = 0.53; 95% Cl 0.34–0.84; P = 0.0064). In 
minimally adjusted model 1 (adjusted for age, sex, and race), each one-unit increase in serum Klotho was asso-
ciated with a 54% reduction in the risk of hypothyroidism (OR = 0.46; 95% CI 0.29–0.74; P = 0.0014). In fully 
adjusted model 2 (adjusted for all covariates), each unit increase in serum Klotho was associated with a 51% 
reduction in the risk of hypothyroidism (OR = 0.49; 95% CI 0.31–0.80; P = 0.0039). These results suggested that 

Table 1.   Baseline characteristics of participants. The mean ± SD or median (interquartile range) was calculated 
for continuous variables, and the frequencies (percentages) were calculated for categorical variables. CVD: 
cardiovascular disease; BMI: body mass index; eGFR: glomerular filtration rate; TC: total cholesterol.

Variables

Serum Klotho concentration (pg/mL)

P valueQ1 (pg/mL) Q2 (pg/mL) Q3 (pg/mL) Q4 (pg/mL)

N 407 370 355 312

Age (years) 71.66 ± 4.30 71.44 ± 4.23 71.34 ± 4.03 71.01 ± 4.22 0.224

Sex n (%) 0.001

 Male 228 (56.02%) 204 (55.14%) 169 (47.61%) 135 (43.27%)

 Female 179 (43.98%) 166 (44.86%) 186 (52.39%) 177 (56.73%)

Race/ethnicity n (%) 0.209

 Non-Hispanic White 238 (58.48%) 212 (57.30%) 206 (58.03%) 160 (51.28%)

 Others 169 (41.52%) 158 (42.70%) 149 (41.97%) 152 (48.72%)

Education level n (%) 0.398

 Below high school 160 (39.31%) 135 (36.49%) 121 (34.08%) 124 (39.74%)

 High school 83 (20.39%) 91 (24.59%) 85 (23.94%) 78 (25.00%)

 Above high school 164 (40.29%) 144 (38.92%) 149 (41.97%) 110 (35.26%)

Smoking status n (%) 0.180

 Never smoker 160 (39.31%) 163 (44.05%) 161 (45.35%) 154 (49.36%)

 Former smoker 196 (48.16%) 164 (44.32%) 152 (42.82%) 118 (37.82%)

 Current smoker 51 (12.53%) 43 (11.62%) 42 (11.83%) 40 (12.82%)

Drinking status n (%) 0.002

 Nondrinker 102 (25.06%) 110 (29.73%) 102 (28.73%) 104 (33.33%)

 Low-to-moderate Drinker 268 (65.85%) 227 (61.35%) 233 (65.63%) 201 (64.42%)

 Heavy drinker 37 (9.09%) 33 (6.46%) 20 (5.63%) 7 (2.24%)

Family income-poverty ratio n (%) 0.551

 Low 80 (19.66%) 65 (17.57%) 60 (16.90%) 61 (19.55%)

 Middle 198 (48.65%) 187 (50.54%) 179 (50.42%) 169 (54.17%)

 High 129 (31.70%) 118 (31.89%) 116 (32.68%) 82 (26.28%)

Physical activity n (%) 0.256

 Insufficiently active 322 (79.12%) 271 (73.24%) 275 (77.46%) 242(77.56%)

 Active 85 (20.88%) 99 (26.76%) 80 (22.54%) 70 (22.44%)

Hypertension n (%) 253 (62.16%) 211 (57.03%) 233 (65.63%) 209 (66.99%) 0.031

Diabetes n (%) 93 (22.85%) 81 (21.89%) 80 (22.54%) 86 (27.56%) 0.254

CVD n (%) 100 (24.57%) 94 (25.41%) 85 (23.94%) 78 (25.00%) 0.973

BMI (kg/m2) 29.35 ± 5.79 28.64 ± 5.64 29.28 ± 5.80 29.03 ± 5.70 0.293

eGFR (ml/min/1.73 m2) 68.90 ± 18.99 71.36 ± 16.74 74.47 ± 16.62 75.74 ± 18.02 < 0.001

TC (mg/dL) 193.93 ± 46.04 192.69 ± 43.39 195.00 ± 42.95 192.44 ± 40.83 0.856
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higher serum Klotho levels were associated with a lower risk of developing hypothyroidism, i.e., the two had a 
negative correlation. In addition, a linear relationship between Klotho (ln transformation) and hypothyroidism 
was revealed using smoothed curve fitting and threshold effect analysis (Fig. 2 and Supplementary Table 3). 
When serum Klotho (ln transformation) was divided into quartiles, compared to the first quartile, we found no 
correlation between serum Klotho quartile 2, quartile 3, and hypothyroidism. Still, the correlation was significant 
at the highest level. All model results for quartile 4 were OR = 0.52 (95% CI 0.33–0.82, P = 0.0052), OR = 0.48 (95% 
CI 0.30–0.76, P = 0.0019), and OR = 0.50 (95% CI 0.31–0.81, P = 0.0044), respectively. Additionally, we utilized a 
multivariable logistic regression model to investigate the association between serum Klotho levels and the degree 
of hypothyroidism (clinical/subclinical), as well as autoimmune thyroiditis (Supplementary Table 4). After ln 
transformation, Klotho showed a significant negative correlation with the prevalence of clinical hypothyroid-
ism. In Model 2, compared to the first quartile, ln Klotho in the Q2 group was independently associated with 
autoimmune thyroiditis (OR = 1.49; 95% CI 1.05–2.12). There was no significant association between serum 
Klotho levels and subclinical hypothyroidism.

Subgroup analysis
The findings were tested for stability using subgroup analyses (Fig. 3) and interaction tests, but no interactions 
were observed. The following subgroups showed significant associations between serum Klotho (ln transforma-
tion) levels and hypothyroidism: 75 < age < 80 years (OR = 0.41, 95% CI 0.19–0.88), female (OR = 0.66, 95% CI 

Table 2.   Association between Klotho (ln transformation) and hypothyroidism. Considering that Klotho is 
a skewed distribution, the Klotho concentration was transferred by the ln transformation. Model 1 has made 
minimal adjustments based on age, sex, and race. Model 2 completely adjusted for age, sex, race, education 
level, family income to poverty ratio, body mass index, smoking status, drinking status, physical activity, 
diabetes, hypertension, cardiovascular disease, glomerular filtration rate and serum total cholesterol.

Exposure

Non-adjusted model Minimally-adjusted model (Model 1) Fully-adjusted model (Model 2)

OR (95% CI)
P-value

OR (95% CI)
P-value

OR (95% CI)
P-value

Ln Klotho 0.53 (0.34, 0.84)
0.0064

0.46 (0.29, 0.74)
0.0014

0.49 (0.31, 0.80)
0.0039

Klotho (quartiles)

 Q1 Reference Reference Reference

 Q2 0.93 (0.64, 1.36)
0.7054

0.93 (0.63, 1.37)
0.6978

0.92 (0.62, 1.37)
0.6703

 Q3 0.82 (0.55, 1.22)
0.3285

0.75 (0.50, 1.12)
0.1641

0.76 (0.51, 1.15)
0.1961

 Q4 0.52 (0.33, 0.82)
0.0052

0.48 (0.30, 0.76)
0.0019

0.50 (0.31, 0.81)
0.0044

P for trend 0.0062 0.0015 0.0041

Figure 2.   The association between serum Klotho (ln transformation) levels and hypothyroidism.



6

Vol:.(1234567890)

Scientific Reports |        (2024) 14:11477  | https://doi.org/10.1038/s41598-024-62297-4

www.nature.com/scientificreports/

0.44–0.97), non-Hispanic White (OR = 0.64, 95% CI 0.43–0.94), no diabetes (OR = 0.65, 95% CI 0.45–0.94), no 
cardiovascular disease (OR = 0.69, 95% CI 0.48–0.99), 25 < BMI < 30 (OR = 0.43, 95% CI 0.25–0.76), eGFR ≤ 90 
(ml/min/1.73m2) (OR = 0.71, 95% CI 0.50–0.97). In addition, stratified analyses that would be based on age and 
sex were analyzed using smoothed curve fitting (Supplementary Figs. 1 and 2). Inverted U-shaped curves were 
observed in 70 < age ≤ 75 years and in women. Correspondingly, threshold effect analyses (Table 3) showed a 
significant inverted U-shaped relationship between serum Klotho (ln transformation) levels and hypothyroid-
ism in the subgroups of 70 < age ≤ 75 years and females (P < 0.05 for log-likelihood ratio test). In the 70 < age ≤ 75 
subgroup, the ln Klotho inflection point was 6.26. In females, the ln Klotho inflection point was 6.17. On the left 
side of the inflection point, serum Klotho (ln transformation) levels were positively correlated with hypothyroid-
ism. Conversely, the two had a negative correlation on the right side of the inflection point.

Discussion
Using the NHANES (2007–2012) database, we analyzed data from 1444 participants aged 65 and over. As far 
as we know, this is the first cross-sectional study to investigate the relationship between serum Klotho levels 
and hypothyroidism in a population-based, nationally representative sample of older adults. With confounders 
adjusted, serum Klotho levels were negatively associated with hypothyroidism prevalence among older adults, 
and this was consistent across most subgroups. It implies that higher serum Klotho levels may have a prominent 

Figure 3.   Subgroup analysis for the association between ln Klotho and hypothyroidism.

Table 3.   Threshold effect analysis of serum Klotho (ln transformation) on hypothyroidism using piecewise 
linear regression. *The model failed because of the small sample size.

Outcome OR (95% CI), P-value

70 < Age ≤ 75

 Inflection point 6.26

  Ln Klotho < 6.26 4414.03 (0.52, inf.*), 0.0690

  Ln Klotho > 6.26 0.37 (0.12, 1.07), 0.0666

 P for the log-likelihood ratio test 0.011

Women

 Inflection point 6.17

  Ln Klotho < 6.17 18,670.95 (1.40, inf.*), 0.0424

  Ln Klotho > 6.17 0.30 (0.15, 0.61), 0.0008

 P for the log-likelihood ratio test 0.003



7

Vol.:(0123456789)

Scientific Reports |        (2024) 14:11477  | https://doi.org/10.1038/s41598-024-62297-4

www.nature.com/scientificreports/

role in reducing the risk of hypothyroidism in older adults. We also detected a possible inverted U-shaped rela-
tionship in the subgroups of 70 < age ≤ 75 years and females, with inflection points of 6.26 and 6.17, respectively.

One plausible explanation for the association between serum Klotho levels and hypothyroidism in the 
elderly is aging. During the physiological aging process of the thyroid gland, significant changes occur in the 
hypothalamic-pituitary-thyroid axis and its hormones29. Therefore, although thyroid function can be preserved 
in the elderly, it may become less stable30. On the one hand, under aging conditions, changes in tissue struc-
ture gradually accumulate towards malignant transformation, leading to increased vascular permeability and 
extravasation31. These changes slow down the transport efficiency of thyroid hormones in the vascular bed and 
affect their ability to pass through the endothelial barrier32. On the other hand, the aging process results in a 
decrease in the production of thyroid hormones33,34. Overall, aging is closely associated with hypothyroidism in 
elderly individuals. Klotho is known as an anti-aging gene, and the expression of the Klotho gene decreases with 
age35,36. Moreover, many studies on Klotho in elderly-related diseases indicate that a decrease in serum Klotho 
levels may contribute to the prevalence of certain chronic conditions in the elderly population37–39. Therefore, 
it is speculated that a decrease in Klotho levels is unfavorable for inhibiting aging, and serum Klotho levels are 
negatively correlated with the prevalence of hypothyroidism in elderly individuals. Additionally, inflammation 
may provide another possible explanation. Studies have demonstrated that autoimmune factors are common 
etiological factors in hypothyroidism40,41. Alterations in the immune system can lead to chronic inflammation of 
the thyroid tissue42. Inflammation induces oxidative stress by altering hormones and cytokines. Oxidative stress 
can inhibit the expression of iodinase, leading to decreased levels of thyroid hormones and subsequently causing 
hypothyroidism43,44. It has been reported that Klotho can regulate inflammation by inhibiting TNF-α-induced 
adhesion molecule expression and NF-kB activation24,45. Additionally, research by Zeng et al. suggested that the 
downregulation of Klotho and the induction of the RIG-I/NF-kB signaling pathway may be involved in age-
related inflammation46. Thus, a decrease in serum Klotho levels may favor inflammation, affecting the synthesis 
and metabolism of thyroid hormones. It is noteworthy that the interaction between aging and inflammation 
may also play a role in this process47. However, considering the complexity of the mechanisms involved, further 
research will be necessary to elucidate this association in the future.

Sex-stratified analyses showed sex differences in serum Klotho levels. Klotho and hypothyroidism were 
negatively correlated in men, whereas there was an inverted U-shaped relationship in women. Sex differences 
in Klotho have been reported in animal and human studies, which may be related to the fact that females face 
more exposure to stress in the social system48–51. In addition, it was suggested that considering genetic factors 
or interactions between Klotho and other hormones (e.g., glucocorticoids and arginine vasopressin) could help 
explain sex differences in serum Klotho levels48. Age-stratified analyses showed an inverted U-shaped relation-
ship between serum Klotho levels and hypothyroidism in the subgroup 70 < age ≤ 75 years, and we speculated 
that the limited number masked a linear correlation between the two. The discovery of inflection points in 
the subgroup analyses reminds us that Klotho management needs to be addressed more closely in our future 
clinical work. In some cases, it is necessary to keep its levels within the appropriate range. More studies are still 
needed to confirm further and elucidate the gender and age differences in the association between Klotho and 
hypothyroidism in older people.

One of our study’s main strengths is that it is the first to show an association between serum Klotho levels 
and hypothyroidism in older adults. In addition, the adequate sample size and proper adjustment for covari-
ates increased the credibility and representativeness of the study. Stable conclusions can be drawn in different 
subgroups through stratified analysis and interaction tests. This study has the following limitations: firstly, due 
to the retrospective observational study design, it was impossible to determine the causal and temporal associa-
tions between serum Klotho levels and hypothyroidism in older adults. Secondly, our results may have been 
affected by recall bias because some of the variables collected within the study were self-reported by participants, 
such as smoking status, drinking status, and physical activity. Furthermore, despite our discovery of a negative 
correlation between serum Klotho levels in elderly individuals and hypothyroidism, it is important to note that 
hypothyroidism can be classified according to different criteria. The NHANES lacks relevant data on different 
classifications of hypothyroidism, which may lead to an underestimation of this correlation.

Conclusion
Our study concluded that serum Klotho levels negatively correlate with hypothyroidism in older adults. For 
causality to be assessed, future longitudinal studies and clinical trials are required.

Data availability
This study’s data from the NHANES are publicly available online at https://​www.​cdc.​gov/​nchs/​nhanes/.
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