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Abstract
Background This study aimed to investigate the association between central sensitivity to thyroid hormones and 
all-cause mortality in euthyroid patients with chronic kidney disease (CKD).

Methods  Data on thyroid function indicators and all-cause mortality for CKD patients were extracted from the 
NHANES database (2007–2012). Central sensitivities to thyroid hormones were mainly evaluated by Thyroid Feedback 
Quantile-based Index (TFQI). The Kaplan–Meier method, Cox proportional hazards regression model and subgroup 
analysis were performed to explore the potential associations between thyroid hormone sensitivity and all-cause 
mortality.

Results A total of 1303 euthyroid CKD patients were enrolled in this study. After a median follow-up of 115 months, 
503 participants died. The Kaplan-Meier analysis demonstrated significant variations in survival rates among different 
levels of TFQI (P = 0.0015). Cox regression analysis showed that increased levels of TFQI were independent risk 
factors for all-cause mortality after adjusting for multiple confounding factors (HR = 1.40, 95% CI 1.10–1.79, P = 0.007). 
Subgroup analysis did not reveal any significant variation in the association between TFQI and all-cause mortality 
between the subgroups assessed (P for interaction > 0.05).

Conclusion Our study suggests that impaired thyroid hormone sensitivity might be linked to increased mortality in 
euthyroid CKD patients. Further research is needed to confirm and explore this association.

Keywords Nhanes, Chronic kidney disease, All-cause mortality, Sensitivity to thyroid hormone, Thyroid feedback 
quantile-based index
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Introduction
As one of the leading causes of death and suffering in the 
21st century, chronic kidney disease (CKD) affects more 
than 10% of the general population worldwide, placing 
enormous economic and social pressure on the world [1]. 
Previous studies have shown that here is a bi-directional 
link between kidney and thyroid function [2, 3]. Thyroid 
hormones directly or indirectly affect renal development, 
structure, hemodynamics, glomerular filtration rate, and 
water and electrolyte homeostasis [4]. The high burden 
of thyroid dysfunction, whether subclinical or overt, is 
closely associated with survival prognosis and adverse 
outcomes in patients with CKD [3, 5, 6]. Studies have 
shown that TSH levels in the abnormal range are associ-
ated with a higher risk of death for non-dialysis and dial-
ysis-dependent CKD patients [6, 7].

However, whether this risk extends to CKD patients 
with normal thyroid function remains controversial. One 
previous study suggested that a mild form of acquired 
thyroid hormone resistance may occur in the general 
population and accordingly proposed a new central thy-
roid hormone resistance index (Thyroid Feedback Quan-
tile-based Index, TFQI) that focuses on deviations in the 
average pituitary inhibition to thyroid hormone in the 
population [8]. Thyroid hormone resistance can be sys-
tematically divided into central resistance which influ-
ences the feedback loop set point in the central nervous 
system and peripheral resistance which reduces hormone 
metabolism [9, 10]. Compared to the latter, the former 
is easier to evaluate and can be quantified by looking at 
thyroid hormone and TSH concentrations or indicators 
derived from them [8, 11, 12]. One retrospective study 
found that decreased thyroid hormone sensitivity is asso-
ciated with decreased renal function in normal thyroid 
function population, and that the composite index com-
posed of TSH and free thyroxine (FT4) correlates more 
strongly to renal function than TSH or FT4 alone [13].

At present, it is uncertain whether changes in thyroid 
hormone sensitivity affect survival outcomes in patients 
with CKD. Therefore, we analyzed data from the National 
Health and Nutrition Examination Survey (NHANES) 
database (2007–2012) to explore the association between 
central thyroid hormone resistance index and the risk of 
all-cause death in CKD patients.

Methods
Study population
Data were obtained from NHANES, which is a peri-
odic program designed to assess the health and nutri-
tion status of adults and children in the United States 
administered by the National Center for Health Statistics 
(NCHS) [14]. NHANES is a stratified, multi-stage survey 
with good national representation and participants are 
selected at random through a complex statistical process 

each year. Our analysis finally comprised of a total of 
1303 eligible participants, obtained by merging data from 
the NHANES cycles: 2007–2008, 2009–2010, and 2011–
2012 (30,442 participants) (Fig.  1). All included partici-
pants were CKD (Stage 1–4) patients aged 20 and above, 
with complete thyroid function indicators and death 
data, and no history of pregnancy. The laboratory nor-
mality reference ranges were 7.74 − 20.64 pmol/L for FT4 
and 0.34 − 5.60 mIU/L for TSH [15]. Those with abnor-
mal TSH and FT4 levels were also excluded. Additionally, 
participants undergoing thyroid hormone replacement 
therapy (levothyroxine, thyroxine, thyroid desiccated, or 
other) and those with a history of thyroid disease were 
also excluded from the study.

Assessment of CKD
Age, gender, race, and serum creatinine (SCr) were used 
to evaluate estimated glomerular filtration rate (eGFR, 
ml/min/1.73 m2) for each participant, according to the 
computational equations of the CKD Epidemiology Soci-
ety (CKD-EPI) [16]. CKD was defined as eGFR < 60 mL/
min/1.73 m2 and/or urinary albumin to urinary creati-
nine ratio (UACR) ≥ 30  mg/g. The corresponding CKD 
stages were defined as: Stage 1, eGFR ≥ 90 mL/min/1.73 
m2, along with UACR ≥ 30  mg/g; Stage 2, eGFR 60–89 
mL/min/1.73 m2, along with UACR ≥ 30  mg/g; Stage 3, 
eGFR 30–59 mL/min/ 1.73m2; Stage 4, eGFR 15–29 mL/
min/ 1.73m2; and Stage 5, eGFR < 15 mL/min/ 1.73m2 
[17]. We excluded these participants with CKD Stage 5 
because it was not clear whether they were on dialysis.

Calculation of thyroid hormone sensitivity
The index reflecting thyroid central sensitivity were 
TSH T4 resistance index (TT4RI), TSH index (TSHI), 
and TFQI. TT4RI was calculated as FT4 (pmol/L) ⋅ TSH 
(mIU/L) [11]. TSHI = ln TSH (mIU/L) + 0.1345 ⋅ FT4 
(pmol/L) [12]. The formula for calculating TFQI was 
cumulative distribution function (cdfFT4) – (1 – cdfTSH) 
[8]. FT4 and TSH concentrations were measured at the 
University of Washington using the two-step enzyme 
immunoassay and two-site immunoenzymatic (“sand-
wich”) assay, respectively.

Other variables
Data on other potential covariates employed in the sta-
tistical analyses included information on age, gender, 
race, smoking status, physical activity, annual household 
income, diabetes, hypertension, cardiovascular disease, 
body mass index (BMI, kg/m2), alanine transaminase 
(ALT, U/L), aspartate transaminase (AST, U/L), gamma-
glutamyl transferase (GGT, U/L), and glycohemoglo-
bin. BMI is categorized into three groups: <25  kg/m2 
for normal weight, 25–29.9  kg/m2 for overweight, and 
≥ 30 kg/m2 for obesity. Smokers are classified as current 
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or former. Self-reported diabetes and hypertension are 
also defined, and the presence of cardiovascular disease 
is determined based on self-reported history of heart 
attack, stroke, congestive heart failure, coronary artery 
disease, or angina. Detailed measurement procedures 
for all variables in this study are publicly available in the 
NHANES database [15].

Mortality
We utilized the NHANES Public-Use Linked Mortality 
File up to 31 December 2019, which employs a proba-
bilistic algorithm to match with National Death Index 
(NDI) data for ascertaining mortality status [18]. The 
duration of follow-up for each participant was deter-
mined as the difference between the baseline examina-
tion date and the last known date alive or censored from 
the mortality file. The outcome of this study was all-cause 
mortality, encompassing deaths from all diseases, acci-
dental incidents, and various other factors.

Statistical analysis
All statistical analyses were performed in accordance 
with Centers for Disease Control and Prevention (CDC) 
guidelines. A complex multistage cluster survey design 
was fully considered, and the corresponding weight val-
ues were applied. Continuous variables were presented 
as mean ± standard error and categorical variables were 
presented as proportions (standard error). Weighted Stu-
dent’s t-test and chi-squared test were used to compare 
continuous and categorical variables in multiple groups, 
respectably. The Kaplan–Meier method was employed to 
estimate the survival among different TFQI levels, and 
the differences were evaluated with a stratified log-rank 
test. Cox regression model was employed to analyze the 
independent effects of various thyroid resistance indices 
(FT3/FT4, TT4RI, TSHI, and TFQI) on all-cause mortal-
ity in patients with CKD, using both unadjusted and fully 
adjusted models. The fully adjusted model accounted for 
multiple covariates, including age, gender, race, annual 
income, moderate physical activity, smokers, hyperten-
sion, diabetes, cardiovascular diseases, CKD stages, 
BMI, ALT, AST, GGT, and glycohemoglobin. Based on 
adjusted model, a restrictive cubic spline analysis was 

Fig. 1 Flow chart for participant identification and exclusion
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conducted to assess the relationship between the TFQI 
index and all-cause mortality risk in CKD patients, 
using the median values of the TFQI as the reference 
(HR = 1). Time-dependent Receiver Operating Char-
acteristic (ROC) analyses using an unadjusted model 
were employed to evaluate clinical applicability. Sub-
group analyses were performed on a priori basis, strati-
fied by age, gender, race, BMI, hypertension, diabetes, 
cardiovascular diseases, and CKD stages. The Empower 
software (http://www.empowerstats.com) and R ver-
sion 4.1.2 (http://www.R-project.org) were employed for 
all analyses. A P value ≤ 0.05 was considered statistically 
significant.

Results
Characteristics of study population
The median follow-up period was 115 months. By 
December 31, 2019, 503 participants had died (Table 1). 
The deceased group was generally older, more often 
male, had lower annual income, were smokers, engaged 
in less moderate physical activity, and had higher levels 
of SCr, eGFR, UACR, FT4, TSH, and higher CKD stages 
(P < 0.05). They also had a higher prevalence of hyperten-
sion, diabetes, and cardiovascular diseases (P < 0.001). 
There were also significant differences in the distribu-
tion of race between the groups (P = 0.001). The deceased 
group exhibited significantly lower FT3 levels (P < 0.001). 

Table 1 Baseline (2007–2012) characteristics of study population, weighted
All eligible participants (N = 1303) Alive (N = 800) Deceased as of Dec 2019 (N = 503) P value

Age (years) 60.48 ± 0.72 54.76 ± 0.97 71.43 ± 0.63 < 0.001
Male gender, % (SE) 41.45 (1.60) 37.77 (1.97) 48.49 (3.08) 0.005
Race, % (SE) 0.001
Mexican American 7.16 (1.09) 8.96 (1.27) 3.73 (1.03)
Non-Hispanic Black 12.54 (1.40) 13.17 (1.59) 11.32 (1.79)
Non-Hispanic White 70.47 (2.87) 67.10 (3.33) 76.94 (2.92)
Other Hispanic 4.39 (1.03) 5.13 (1.31) 2.97 (0.95)
Other Race 5.44 (1.04) 5.65 (1.34) 5.04 (1.03)
Moderate physical activity, % (SE) 32.81 (1.79) 38.41 (2.60) 22.09 (2.80) < 0.001
Smokers, % (SE) 49.20 (1.85) 43.91 (2.19) 59.34 (3.01) < 0.001
Annual income (under $20,000), % (SE) 23.03 (1.35) 20.76 (1.71) 27.37 (2.38) 0.026
Hypertension, % (SE) 56.69 (1.85) 50.70 (2.37) 68.15 (2.42) < 0.001
Diabetes, % (SE) 25.24 (1.88) 20.96 (2.21) 33.42 (2.61) < 0.001
Cardiovascular diseases, % (SE) 22.12 (1.53) 12.71 (1.42) 40.13 (2.66) < 0.001
BMI (kg/m2), % (SE) 0.663
Normal weight 28.55 (1.85) 28.70 (2.57) 28.26 (2.67)
Overweight 28.88 (1.84) 27.80 (2.49) 31.00 (1.81)
Obesity 42.57 (2.12) 43.50 (3.13) 40.75 (2.79)
Glycohemoglobin (%) 6.13 ± 0.06 6.03 ± 0.07 6.32 ± 0.08 0.003
ALT (U/L) 24.80 ± 0.79 25.66 ± 1.07 23.16 ± 1.30 0.165
AST (U/L) 27.43 ± 0.89 26.62 ± 0.61 29.00 ± 2.40 0.350
GGT (U/L) 36.47 ± 4.51 28.72 ± 1.42 51.30 ± 12.81 0.086
SCr (mg/dL) 93.34 ± 1.29 87.82 ± 1.60 103.91 ± 1.93 < 0.001
eGFR (ml/min/1.73 m2) 74.24 ± 1.21 80.84 ± 1.50 61.60 ± 138 < 0.001
UACR (mg/g) 189.96 ± 22.33 125.96 ± 15.87 312.50 ± 63.44 0.010
CKD, stage, % (SE) < 0.001
Stage 1 30.77 (1.98) 40.72 (2.55) 11.70 (2.35)
Stage 2 25.58 (2.06) 22.59 (2.79) 31.31 (2.90)
Stage 3 40.16 (2.18) 34.63 (2.98) 50.75 (3.12)
Stage 4 3.50 (0.53) 2.06 (0.59) 6.24 (1.02)
FT3 (pg/mL) 3.04 ± 0.01 3.12 ± 0.02 2.89 ± 0.02 < 0.001
FT4 (pmol/L) 11.04 ± 0.09 10.84 ± 0.09 11.41 ± 0.15 < 0.001
TSH (mIU/L) 1.94 ± 0.03 1.86 ± 0.04 2.09 ± 0.05 0.001
TT4RI 21.16 ± 0.40 20.01 ± 0.47 23.36 ± 0.63 < 0.001
TSHI 3.43 ± 0.04 3.32 ± 0.04 3.62 ± 0.05 < 0.001
TFQI 0.06 ± 0.01 0.02 ± 0.02 0.14 ± 0.02 < 0.001
Abbreviations BMI, body mass index; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; SCr, serum creatinine; eGFR, 
estimated glomerular filtration rate; UACR, urinary albumin to urinary creatinine ratio; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating 
hormone; TSHI, thyroid-stimulating hormone index; TT4RI, thyrotrophic thyroxine resistance index; TFQI, thyroid feedback quantile-based index

http://www.empowerstats.com
http://www.R-project.org
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No significant differences in BMI, ALT, AST, and GGT 
were observed between the deceased and surviving 
groups (P > 0.05). Importantly, the deceased group had 
higher TT4RI, TSHI, and TFQI levels compared to the 
surviving group (P < 0.001).

Clinical features of the participants according to the 
tertiles of TFQI index
The weighted baseline characteristics based on the TFQI 
tertiles were also presented in Table 2. Participants with 
higher TFQI levels exhibited significantly higher age, 
prevalence of obesity, diabetes, hypertension, cardiovas-
cular disease, SCr, eGFR, CKD stages, FT4, TSH, TT4RI, 
and TSHI (P < 0.05). FT3 levels were significantly lower 
(P < 0.001). Notably, all-cause mortality was significantly 

higher with elevated TFQI tertiles, increasing from 
26.61% in Tertile 1 to 40.89% in Tertile 3 (P = 0.001). It 
was observed that TFQI values were associated with 
CKD stage, with more advanced stages of CKD associ-
ated with higher TFQI (P < 0.001) (Fig. 2).

Survival analysis results based on TFQI tertiles
As shown in Fig.  3, the Kaplan-Meier analysis revealed 
statistically significant differences in survival probability 
across the three TFQI levels. The analysis indicated the 
lowest survival in participants with high level of TFQI 
(P = 0.0015).

Table 2 Clinical and laboratory characteristics based on TFQI tertiles, weighted
Tertile 1
(-1, -0.10)

Tertile 2
(-0.10, 0.22)

Tertile 3
(0.22, 1)

P value

Age (years) 55.10 ± 0.88 62.62 ± 1.26 63.56 ± 0.92 < 0.001
Male gender, % (SE) 45.24 (3.25) 36.68 (3.07) 42.41 (3.44) 0.216
Race, % (SE) 0.069
Mexican American 8.14 (1.56) 6.67 (1.36) 6.70 (1.43)
Non-Hispanic Black 16.36 (2.23) 13.01 (1.99) 8.43 (1.81)
Non-Hispanic White 64.52 (4.02) 70.91 (3.33) 75.75 (3.30)
Other Hispanic 4.74 (1.24) 4.38 (1.29) 4.05 (1.09)
Other Race 6.25 (1.72) 5.03 (1.45) 5.06 (1.54)
Moderate physical activity, % (SE) 36.66 (3.25) 31.94 (3.49) 29.97 (2.51) 0.292
Smokers, % (SE) 53.91 (2.88) 47.09 (3.19) 46.73 (2.86) 0.138
Annual income (below $20,000), % (SE) 21.32 (2.24) 24.06 (2.54) 23.67 (1.98) 0.648
Hypertension, % (SE) 50.98 (2.68) 58.44 (3.01) 60.46 (3.06) 0.042
Diabetes, % (SE) 20.04 (2.34) 28.76 (2.76) 26.84 (2.97) 0.027
Cardiovascular disease, % (SE) 15.50 (1.91) 23.81 (2.58) 26.82 (2.12) < 0.001
BMI (kg/m2), % (SE) 0.034
Normal weight 28.10 (2.71) 30.37 (2.76) 27.20 (2.52)
Overweight 34.86 (3.47) 24.48 (1.85) 27.39 (2.55)
Obesity 37.04 (3.38) 45.15 (3.28) 45.41 (3.13)
Glycohemoglobin (%) 6.01 ± 0.08 6.21 ± 0.10 6.16 ± 0.09 0.135
ALT (U/L) 25.65 ± 1.14 23.11 ± 0.76 25.61 ± 2.14 0.195
AST (U/L) 27.19 ± 0.99 26.30 ± 0.58 28.75 ± 2.45 0.561
GGT (U/L) 35.49 ± 2.75 29.42 ± 1.55 44.16 ± 12.69 0.089
SCr (mg/dL) 86.32 ± 1.46 94.30 ± 1.64 99.14 ± 2.60 < 0.001
eGFR (ml/min/1.73 m2) 83.54 ± 1.52 70.87 ± 1.65 68.58 ± 1.84 < 0.001
UACR (mg/g) 143.69 ± 21.07 160.75 ± 30.39 262.21 ± 62.70 0.267
CKD, stage, % (SE) < 0.001
Stage 1 43.57 (2.79) 24.96 (2.60) 24.09 (3.28)
Stage 2 24.80 (2.91) 25.88 (3.36) 26.03 (2.88)
Stage 3 30.53 (2.62) 45.21 (3.40) 44.52 (3.15)
Stage 4 1.10 (0.36) 3.94 (0.98) 5.37 (0.96)
FT3 (pg/mL) 3.14 ± 0.02 2.99 ± 0.02 2.99 ± 0.02 < 0.001
FT4 (pmol/L) 9.77 ± 0.09 11.31 ± 0.16 11.99 ± 0.10 < 0.001
TSH (mIU/L) 1.20 ± 0.04 1.83 ± 0.07 2.76 ± 0.07 < 0.001
TT4RI 11.46 ± 0.34 19.00 ± 0.50 32.51 ± 0.76 < 0.001
TSHI 2.52 ± 0.04 3.35 ± 0.05 4.37 ± 0.06 < 0.001
All-cause mortality, % (SE) 26.61 (2.33) 35.12 (2.52) 40.89 (2.93) 0.001
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The association between central thyroid hormone 
resistance index and all-cause death
Cox proportional hazards regression analysis confirmed 
that thyroid hormone indices were positively related with 
all-cause mortality among CKD patients (Table  3). In 
both fully adjusted and non-adjusted models, we found 
that TT4RI, TSHI and TFQI were positively associated 
with the risk of all-cause mortality. In fully adjusted mod-
els, the results indicated a 40% increased risk of death 
per unit increase in TFQI index (HR = 1.40, 95% CI 1.10–
1.79, P = 0.007). Consistent with previous studies, we also 
discovered in CKD patients that peripheral thyroid hor-
mone sensitivity (FT3/FT4) is associated with all-cause 
mortality (HR = 0.69, 95% CI 0.57–0.84, P < 0.001) [19]. 
Additionally, classification of TFQI into tertiles showed 
that higher TFQI teritles levels were associated with a 
higher prevalence of death (P for trend = 0.050). Results of 
restrictive cubic strip analysis showed a positive relation-
ship between TFQI and all-cause mortality among par-
ticipants with CKD, with no significant threshold effect 
observed (Fig. 4). In the ROC analyses, TFQI in patients 
of 150 months follow-up duration showed a higher AUC 

Fig. 3 Kaplan-Meier analysis results based on TFQI tertiles

 

Fig. 2 The levels of TFQI in different CKD stages
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(0.61) for predicting all-cause mortality compared to 120 
months (0.58) and 60 months (0.58) (Fig. 5). Additionally, 
compared to TSHI and TT4RI, TFQI performed better at 
predicting mortality (Attachment 1).

Subgroup stratification analyses
The subgroup analyses in Fig.  6 demonstrated that the 
association of TFQI level and all-cause mortality is con-
sistent after being stratified by age, gender, race, BMI, 
hypertension, diabetes, cardiovascular diseases, and 
CKD (P for interaction > 0.05).

Discussion
We noted a strong association between TFQI and all-
cause mortality among patients with stage 1–4 CKD in 
a representative sample of US adults on the NHANES 
2007–2010 data. In this cohort study, we discovered a 
linear relationship between TFQI levels and all-cause 
mortality in CKD patients. After fully adjusting for con-
founding factors, increased levels of TFQI were indepen-
dent risk factors for all-cause mortality (HR = 1.40, 95% 
CI 1.10–1.79, P = 0.007).

Previous studies have also revealed an association 
between FT4 levels within the normal range and the risk 
of all-cause mortality [19, 20]. However, some studies 
have indicated that both the high-normal and low-normal 
TSH groups have a significantly higher risk of all-cause 
mortality compared to the mid-normal TSH group [21, 
22]. Based on negative feedback regulation, it seems dif-
ficult to fully explain this phenomenon, especially for the 

Table 3 Cox regression analysis results of thyroid hormone 
sensitivity-related indices and death risk
All-cause mortality HR 95%CI, P value

Non-adjusted model Adjusted model
Continuous
FT3/FT4 0.51 (0.45, 0.57) < 0.001 0.69 (0.57, 0.84) < 0.001
TT4RI 1.01 (1.01, 1.02) < 0.001 1.01 (1.00, 1.02) 0.005
TSHI 1.15 (1.07, 1.24) < 0.001 1.13 (1.04, 1.22) 0.004
TFQI 1.77 (1.39, 2.24) < 0.001 1.40 (1.10, 1.79) 0.007
TFQI categories
Tertile 1 1.00 1.00
Tertile 2 1.28 (1.02, 1.60), 0.033 1.19 (0.94, 1.51), 0.139
Tertile 3 1.53 (1.23, 1.91), < 0.001 1.26 (1.00, 1.58), 0.048
P for trend < 0.001 0.050
HR: Hazard Ratio

95% CI: 95% confidence interval

Adjusted model: adjusted for age, gender, race, annual income, moderate 
physical activity, smokers, hypertension, diabetes, cardiovascular diseases, CKD 
stages, BMI, ALT, AST, GGT, and glycohemoglobin

Fig. 5 ROC curve analysis of TFQI in assessing death risk

 

Fig. 4 Restrictive cubic strip analysis results of TFQI and all-cause mortality
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high-normal TSH. Hence, we attempted to elucidate this 
association from the perspective of central thyroid resis-
tance. In individuals with normal thyroid function, the 
correlation between the assessment index based on thy-
roid hormone sensitivity and the risk of death is stronger 
than the assessment of individual indices alone [23]. This 
finding might partly explain the inconsistencies observed 
in previous studies, such as the nonlinear relationship 
between TSH levels and the risk of death and helps estab-
lish the link between thyroid function and all-cause mor-
tality risk in CKD patients with normal thyroid function. 
Among the three indices for evaluating thyroid hormone 
central sensitivity, we found that TFQI has a stronger 
correlation with the risk of death. Previous studies have 

also indicated that in assessing abnormal response ranges 
of the thyroid to TSH, TFQI is more closely related to 
diabetes risk compared to TT4RI and TSHI [8]. We 
observed that in the time-dependent ROC analysis, the 
AUC for TFQI alone ranges from 0.58 to 0.61. Evaluating 
the predictive ability of TFQI in isolation may underesti-
mate its true effect. A more comprehensive assessment of 
TFQI’s contribution can be achieved through multivari-
able analysis, which considers the incremental value of 
combining TFQI with other variables. Furthermore, the 
specific impact of TFQI should be evaluated within dif-
ferent clinical contexts and subjected to repeated valida-
tion across diverse populations to assess its value more 
objectively in predicting mortality.

Fig. 6 Subgroup analysis results based on age, gender, BMI, hypertension, diabetes, cardiovascular diseases, and CKD
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The association between thyroid resistance index and 
mortality also has some reasonable biological mecha-
nisms. Higher levels of FT4 within the reference range are 
associated with many adverse cardiac events, including 
heart failure, atrial fibrillation, and cardiac sudden death 
[24–26]. Elevated FT4 levels in the general population 
are also associated with an increased risk of solid tumors, 
including breast, prostate, lung, and ovarian cancers [23, 
27]. Despite the results of interaction tests not identify-
ing specific populations, patients without hypertension, 
diabetes, or cardiovascular diseases appear to have a 
greater risk. Previous findings also indicated that reduced 
sensitivity to thyroid hormones serves as a risk factor for 
hypertension, diabetes, and cardiovascular diseases [8, 
28, 29]. Therefore, we speculate that these diseases might 
partially mediate the link between thyroid hormone 
sensitivity and the risk of all-cause mortality. Addition-
ally, the relatively small sample sizes in subgroups might 
also contribute to potential biases in the results. We also 
found that the impaired central sensitivity of the thyroid 
is related to the CKD stage, indicating that the impaired 
central sensitivity of the thyroid may itself be involved in 
the exacerbation of CKD. Thyroid hormones can directly 
participate in vascular and endothelial dysfunction and 
contribute to the formation of albuminuria [30, 31]. Thy-
roid resistance may also induce changes in the immune 
microenvironment of kidney disease, thereby enhancing 
immune inflammatory responses, ultimately leading to 
kidney damage [32].

Our study has several limitations. First, the relatively 
small sample size and limited number of events avail-
able for analysis restrict the precision of the estimates 
and have prevented us from exploring specific analyses 
by causes of mortality that should be assessed in larger 
studies. Second, thyroid function was measured only at 
baseline, with no data on the changes in thyroid func-
tion over time. Thyroid-related antibodies, metabolic 
syndrome, and nonalcoholic fatty liver disease, as pos-
sible confounding factors, were not included in the study. 
Third, the mortality data we used was sourced from 
Public-use-files. Synthetic data were substituted for fol-
low-up time or underlying cause of death, which to some 
extent hindered more in-depth analysis. Additionally, our 
study also did not consider the history of medication use 
that might affect thyroid function, such as beta blockers, 
steroids, and amiodarone. Finally, as our research used 
samples from people in the United States, the universal 
applicability of our results requires further validation.

Conclusion
Our study demonstrates that impaired sensitivity to 
thyroid hormone might be associated with all-cause 
mortality in CKD patients with normal thyroid func-
tion, independent of other traditional risk factors and 

comorbidities. The nature of this association is currently 
unclear and requires further research to confirm and 
explore.
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