MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2020; 26: €922910
MON |TOR DOI: 10.12659/MSM.922910

e 20200325 Association of Serum Thyroid Hormones with
Available online: 2020.04.23

Publshed: 2020.06.22 the Risk and Severity of Chronic Kidney Disease
Among 3563 Chinese Adults

Authors’ Contribution: CE1 Jialln Li 1 Graduate School, Beijing University of Chinese Medicine, Beijing, P.R. China
Study Design A BD 2 Xi’ai Wu 2 Department of Endocrinology, China-Japan Friendship Hospital, Beijing, P.R. China
Data Collection B T 3 Institute of Clinical Medical Sciences, China-Japan Friendship Hospital, Beijing,
Statistical Analysis C BF 1 Mlnllng Luo P.R. China
Data Interpretation D 8D 3 Meihua Yan
Manuscript Preparation E D1 Qian Wang
Literature Search F . .
Funds Collection G AG 3 Plng Li
ce 3 Wenquan Niu
Corresponding Authors: Wengquan Niu, e-mail: niuwenquan_shcn@163.com, Ping Li, e-mail: [p8675@163.com
Source of support: This work was supported by the National Science and Technology Program during the Twelfth Five-year Plan Period of China (grant

no. 2013BAI02B04), and the National Natural Science Foundation of China (grant no. 81620108031)

Background: Chronic kidney disease (CKD) is a global health problem with an increasing prevalence. We explored the asso-
ciation of serum thyroid hormones with the risk and severity of CKD among Chinese adults.
Material/Methods: This retrospective study involved 3563 participants. CKD was diagnosed according to the clinical practice guide-
lines of the 2012 Kidney Disease Improving Global Outcomes guidelines. Effect-size estimates are expressed
as odds ratio (OR) and 95% confidence interval (CI).

Results: Given the strong magnitude of correlation, only 3 thyroid hormones were analyzed: free triiodothyronine (FT3),
free thyroxin (FT4), and thyroid-stimulating hormone (TSH). After propensity score matching on age, sex, diabe-
tes, and hypertension, per 0.2 pg/mL increase in FT3 was significantly associated with 35-38% reduced risk of
CKD at stage 1-4, and per 0.3 ng/dL increase in FT4 was only significantly associated with 21% reduced risk of
CKD at stage 5 (OR, 95% Cl: 0.79, 0.69-0.89), and per 0.5 plU/mL increment in TSH increased the risk of CKD
stage 5 by 8% (1.08, 1.02-1.14). Importantly, 3 thyroid hormones acted interactively, particularly for the inter-
action between FT3 and FT4 in predicting CKD at stage 5 (OR, 95% Cl: 1.81, 1.30-2.55 for high FT3-low FT4,
17.72, 7.18-43.74 for low FT3-high FT4, and 22.28, 9.68-51.30 for low FT3-low FT4).

Conclusions: Our findings indicate that serum FT3 can be used as an early-stage biomarker for CKD, and FT4 and TSH can
be used as advanced-stage biomarkers among Chinese adults.
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Background

Chronic kidney disease (CKD) is a global health problem that
has reached epidemic proportions, with an estimated preva-
lence rate of 8-16% [1]. Currently, CKD is gaining increased
attention as a potential driver of cardiovascular and cerebro-
vascular diseases [2,3]. In China, CKD affects approximately
10.8% of adults [4], resulting in disability and heavy socio-
economic burden [5,6]. There are several known risk factors
for CKD, such as diabetes and hypertension [7-9]. Clinical in-
vestigations have revealed substantial variation in the onset
and progression of CKD that cannot be fully explained by pre-
existing risk factors [10,11]. Thus, efforts are needed to iden-
tify more potential risk factors in the development of CKD.

It is widely recognized that thyroid hormones are of clinical
and public health importance for renal physiology and func-
tional development [12,13]. From epidemiological aspects,
a nationally representative cohort of U.S. patients with mod-
erate-to-severe CKD showed an inverse association between
estimated glomerular filtration rate (eGFR) and the risk of
hypothyroidism [14]. In addition, a retrospective cohort study
in Taiwanese indicated that higher concentrations of thyroid-
stimulating hormone (TSH) were associated with greater risk
of subsequent CKD [12]. Moreover, another prospective cohort
study in middle-aged and elderly Shanghainese revealed that
high free thyroxin (FT4), but not TSH and free triiodothyronine
(FT3), was associated with increased risk of incident CKD and
rapid eGFR decline [15]. The reasons for these inconsistences
are multiple, likely due to heterogeneous study populations,
different study designs, or unaccounted-for residual confound-
ers. Moreover, a literature search revealed sparse data directly
comparing thyroid hormones and various CKD stages in the
current medical literature.

To fill this gap in knowledge and generate more information
for future studies, we developed a hypothesis that abnormal
serum thyroid hormones are potential risk predictors for CKD
among Chinese adults, and tested this hypothesis in a retro-
spective study by assessing the association of 5 thyroid hor-
mone biomarkers with the risk and severity of CKD, both individ-
ually and interactively, via propensity score matching analysis.

Material and Methods

Study Participants

This was a hospital-based retrospective study. All study par-
ticipants were Han Chinese adults aged 18 to 80 years at the
time of enrollment from the Department of Endocrinology and
Department of Nephrology at China-Japan Friendship Hospital,
and they were consecutively recruited during the period January
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2010 to December 2018. The study protocol was approved
by the Ethics Committee of China-Japan Friendship Hospital,
and was in accordance with the principles of the Declaration
of Helsinki. All participants in this study gave their informed
written consent.

Initially, 5294 participants were recruited, and 1731 of them
were excluded due to the following reasons: (i) under dialysis
or after kidney transplantation; (ii) essential relevant informa-
tion including serum creatinine and urinary albumin-to-creati-
nine ratio (ACR) was missing; (iii) taking medication affecting
thyroid function, such as thyroxine, anti-thyroid drugs, gluco-
corticoid, antiepileptic and contraceptive drugs prehospitaliza-
tion; and (iv) being pregnant or having diabetic ketoacidosis,
acute cardiovascular events, or other severe disorders includ-
ing tumors. Thus, there were 3563 eligible patients with com-
plete data in the final analysis.

Among these 3563 eligible patients, including 2396 males and
1167 females, 289 were clinically confirmed to be free of CKD
and they formed the control group, while 3274 were diagnosed
with CKD and they formed the case group.

Diagnosis of CKD

CKD was diagnosed on the basis of either eGFR
<60 ml/min/1.73 m? or the presence of albuminuria according
to the clinical practice guidelines of the 2012 Kidney Disease
Improving Global Outcomes (KDIGO) [16]. GFR was estimat-
ed according to the 2009 CKD Epidemiology Collaboration
(CKD-EPI) equation, as confirmed and validated in many pre-
vious studies [17-21]. This equation is sex-specific. For fe-
males, if serum creatinine (Scr) is <0.7 mg/dl|, eGFR equals
to 144x(Cr/0.7)°3%x(0.993)%¢, and if Scr is >0.7 mg/d|, eGFR
equals to 144x(Cr/0.7)712%x(0.993)%¢. For males, if Scr is
<0.9 mg/d|, eGFR equals to 141x(Cr/0.9)°4*x(0.993)2¢, and if
Scris 0.9 mg/dl, eGFR equals to 141x(Cr/0.9)712%x(0.993)2ee,

In this present study, we did not attempt to define persistent
proteinuria, because a majority of patients had proteinuria
measured only once.

CKD stages

Based on the 2012 KDIGO guidelines, CKD patients were
classified into 4 categories according to eGFR: stages 1-2
(eGFR >60 ml/min/1.73 m? and urinary ACR >30 mg/g),
stage 3 (€GFR: 30 to 59 ml/min/1.73 m?), stage 4 (eGFR: 15 to
29 ml/min/1.73 m?), and stage 5 (eGFR <15 ml/min/1.73 m?) [16].

In this study, there were 471, 544, 1214, and 1045 patients
being diagnosed to be at CKD stages 1-2, stage 3, stage 4,
and stage 5, respectively.
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Clinical and biochemical indexes

Hypertension and diabetes were diagnosed at the time of en-
rollment. Hypertension was defined as systolic blood pressure
>140 mmHg, diastolic blood pressure >90 mmHg, or previous
treatment with antihypertensive drugs [22]. Diabetes was de-
fined as fasting plasma glucose >7.0 mmol/L [23] or taking
hypoglycemic drugs or receiving parenteral insulin therapy.

Peripheral venous blood samples were drawn in the fasting
state before admission for clinical treatment. Serum and plasma
were separated immediately after centrifugation within 1 h of
blood sampling. Serum thyroid hormone concentrations were
measured by electrochemiluminescence immunoassay (ECLIA),
including total triiodothyronine (T3), total thyroxine (T4), FT3,
FT4, and TSH. The reference ranges of T3, T4, FT3, FT4, and TSH
are 0.8-2 ng/mL, 5.1-14.1 pg/dL, 2.0-4.4 pg/mL, 0.93-1.7 ng/dL,
and 0.27-4.2 plU/mL, respectively. Creatinine concentrations
were measured via the sarcosine oxidase method, and urinary
microalbumin was measured by immunoturbidimetry. Urinary
ACR was calculated as milligrams of urinary albumin excretion
per gram of urinary creatinine. Serum triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDLC),
low-density lipoprotein cholesterol (LDLC), hemoglobin Alc
(HbA1c), and uric acid (UA) were measured using standard
methods. All measurements were completed at the Clinical
Laboratory for Endocrinology, China-Japan Friendship Institute
of Clinical Medical Sciences.

Statistical analyses

The 2 tests for categorical data and Wilcoxon rank sum tests
for continuous data were used to assess whether baseline char-
acteristics were different between the 4 CKD stage groups and
the control group. Spearman correlation analyses were used
to assess the relationship across 5 thyroid hormones due to
their skewed distributions. Logistic regression analyses were
conducted to assess the association of thyroid hormones with
the risk and severity of CKD at a significance level of 5% be-
fore and after adjusting for confounders, as well as by apply-
ing propensity score matching method to reduce selection bias
by equating groups based on confounding factors. Effect-size
estimates are expressed as odds ratio (OR) and 95% confi-
dence interval (95% Cl).

Prediction accuracy gained by adding significant thyroid hor-
mones was assessed from both discrimination and calibra-
tion viewpoints. In this study, net reclassification improvement
(NRI) and integrated discrimination improvement (IDI) [24,25]
were calculated to judge the discrimination capability of sig-
nificant thyroid hormones. Calibration capability was evalu-
ated using the -2 log likelihood ratio test, Akaike informa-
tion criterion (AIC), and Bayesian information criterion (BIC)
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to see how closely the prediction probability for the addition
of significant thyroid hormones reflected the actual observed
risk and the global fit of modified risk model [26]. Moreover,
the net benefit for the addition was also inspected by deci-
sion curve analysis [27], and in this curve, the X-axis denotes
thresholds for CKD risk, and the Y-axis denotes net benefits
on different thresholds.

Statistical analyses were completed using the STATA software
Release 14.1 (Stata Corp, TX, USA). Wherever appropriate, sta-
tistics were then adjusted for multiple comparisons using a
Bonferroni correction. A P value of less than 0.05 was consid-
ered statistically significant.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of study partici-
pants. CKD patients at stages 1-2, stage 3, and stage 4 were
older than controls (P<0.001), but CKD patients at stage 5 were
younger (P<0.001). Except for stage 3 (P=0.308), the sex compo-
sition differed significantly between CKD patients at different
stages and controls (P<0.001). As for thyroid hormones, con-
centrations of T3, T4, FT3, and FT4 were significantly lower in
CKD patients at different stages than in controls (P<0.05); TSH
concentrations were significantly lower in CKD patients with
stages 1-2 (P<0.05), but significantly higher in CKD patients
with stage 4 and stage 5 (P<0.05), than in controls.

Correlation analyses

The correlation plot of 5 thyroid hormones under study is pre-
sented in Figure 1. Due to the strong magnitude of correla-
tion between T3 and FT3 (Spearman correlation coefficient
r: 0.939, P<0.0001), T4 and FT4 (Spearman correlation coef-
ficient r: 0.711, P<0.0001), only FT3 and FT4 were retained in
the following analyses.

Risk prediction for CKD

Prediction of 3 thyroid hormones (FT3, FT4, and TSH) for the
risk of CKD at different stages before and after propensity score
matching analysis is provided in Table 2. Based on Bonferroni
correction for 12 comparisons, associations were considered
significant at a P value of less than 0.004. After balancing age,
sex, diabetes, and hypertension between cases and controls
through propensity score matching analysis, per 0.2 pg/mL in-
crement in serum FT3 was significantly associated with 35-38%
reduced risk of CKD at stages 1-4, and the reduction in associ-
ation with CKD stage 5, albeit marginally significant, was only
2%. With regard to serum FT4, the per 0.3 ng/dL increase was
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Table 1. Baseline characteristics of study participants in this retrospective study.

Characteristics

Controls
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Patients with chronic kidney disease (CKD)

Sample size 289 471 544 1214 1045
e e 62 68 73 70 59
ge (53-69) (56-75)* (65-77)* (60-76)** (47-68)**
Male (n, %) 236, 81.7 325, 69** 428,787 819, 67.5** 588, 56.3**
Hypertension (n, %) 175, 60.6 308, 65.4 354, 65.1 875, 72.1%* 819, 78.36**
Diabetes (n, %) 111,384 179, 38.0 211,388 544, 44.8* 356, 34.1
138 1.32 1.36 1.51 1.54
1R (et (1.00-1.90) (0.94-2.03) (0.95-1.95) (1.05-2.20)** (1.08-2.19)**
EA—— 430 4.02 3.720 3.950 4.18
(3.52-4.96) (3.08-4.80)** (2.94-4.57)* (3.16-4.94)** (3.45-5.00)
256 2.29 2.11 2.29 2.42
LDL- L
I (e 1) (1.98-3.08) (1.59-2.92)** (1.49-2.74)** (1.64-3.06)** (1.88-3.09)
1.01 0.97 0.86 091 1.00
FRIAE (el (0.84-1.21) (0.72-1.22)* (0.61-1.08)** (0.68-1.17)** (0.78-1.24)
6.10 6.20 6.40 6.40 5.90
HbA1c (¥
i) (5.50-7.10) (5.50-7.20) (5.80-7.30)* (5.70-7.30)* (5.30-6.70)**
333 314 384 442 404
A (el (285-387) (218-444) (274-500)** (345-548)** (316-502)**
S 75 77.40 1438 236 635.9
H (66.10-85) (62.90-92.65) (121-169)** (203.3-283)** (463.6-859)**
R (g 5.70 64.80 21.35 126.9 220.6
&8 (4.20-9.10) (44.10-80.30)** (6.60-62.10)** (36.10-317.30)*  (126.30-429.50)**
5.44 9.07 11.65 15.24 21.24
L e 1 (4.46-6.75) (5.72-14.88)** (8.86-15.89)** (11.79-20.13)** (16.10-27.36)**
5 i 0.97 0.76 0.63 0.70 0.74
& (0.86-1.08) (0.61-0.95)** (0.47-0.81)** (0.52-0.87)** (0.57-0.93)**
7.22 6.76 6.20 651 6.30
T4 (ng/dv) (6.21-8.30) (5.58-8.40)* (4.80-7.70)** (5.33-7.82)* (5.17-7.61)*
I o 2.88 223 2.00 2.07 2.15
P& (2.64-3.09) (1.79-2.69)** (1.50-2.43)** (1.60-2.47)** (1.69-2.58)**
1.19 1.15 115 1.15 1.10
FT4 (ng/dL) (1.08-1.34) (1.00-1.32)** (0.96-1.37)* (0.98-1.31)** (0.93-1.27)*
1.79 1.46 1.53 217 2.23
s (1.20-2.71) (0.72-2.37)* (0.65-3.23) (1.14-4.10)* (1.28-3.75)*

P values are calculated by nonparametric Wilcoxon rank sum tests for continuous variables expressed as median (interquartile
range) and 2 tests for categorical variables expressed as count and percent. TG — triglycerides; TC — total cholesterol; LDL-C — low-
density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; HbAlc — hemoglobin Alc; UA — uric acid; Scr — serum
creatinine; ACR — albumin-to-creatinine ratio; BUN — blood urea nitrogen; T3 — total triiodothyronine; T4 — total thyroxine; FT3 — free
triiodothyronine; FT4 — free thyroxine; TSH — thyroid-stimulating hormone. * P<0.05; ** P<0.01.

only significantly associated with a 21% reduced risk of CKD at
stage 5 (OR: 0.79, 95% Cl: 0.69 to 0.89, P<0.001). By contrast,
per 0.5 plU/mL increment in serum TSH increased the risk of
CKD stage 5 by 8% (OR: 1.08, 95% Cl: 1.02 to 1.14, P=0.003).

Prediction accuracy assessment

Table 3 shows the prediction accuracy gained by separately
adding 3 thyroid hormones aforementioned to the basic mod-
el (including age, sex, diabetes, hypertension, TG, TC, HDLC,
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Figure 1. Correlation between total
triiodothyronine (T3), total thyroxine
(T4), free triiodothyronine (FT3),
free thyroxine (FT4), and thyroid-
stimulating hormone (TSH) among all
study participants.
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Table 2. Risk prediction of thyroid hormones for chronic kidney disease (CKD) at different stages.

Significant risk factors CKD Stage 1-2 CKD Stage 3 CKD Stage 4 CKD Stage 5
Before propensity score matching

0.65, 0.60 to 0.60, 0.53 to 0.61, 0.57 to 0.99, 0.98 to

FT3 (+0-2 pg/ml) 0.73, <0.001 0.65, <0.001 0.67, <0.001 1.00, 0.088

4 602 /) 073 <0001 "To7,0165 05,0026 951, 0001
e e e fer V8 G
e e s e N
FT3 (+0.2 pg/mL) g?; Ség;? g-g; 2523? g..z?;, Sgg g? 06.9989',06.9070;0
T 095,003 07,0151 057,002 085 <001
HGOSIUM)  og o 08,09 14,0005 14,0005

FT3 - free triiodothyronine; FT4 — free thyroxine; TSH — thyroid-stimulating hormone. Data are expressed as odds ratio, 95%

confidence interval, P value.

and UA) for CKD at different stages. From calibration aspects,
reduction in both AIC and BIC statistics was greater than 10
after adding each of 3 thyroid hormones to the basic mod-
el across all CKD stages. Additionally, likelihood ratio tests re-
vealed statistical significance for FT3 and FT4 at stages 1-4,
and for TSH at stages 4-5 at a level of 4%. From discrimination
aspects, both NRI and IDI indicated that addition of FT3 to the
basic model was significant at stages 1-5, FT4 at stages 3-5,
and TSH at stages 1-2 and 4-5 (P <0.004), which was further
confirmed by decision curve analysis (Figure 2).
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Interaction of thyroid hormones

In view of the significant individual association of 3 thyroid
hormones with CKD risk, further interaction exploration was
conducted (Table 4). To facilitate interpretation, each thyroid
hormone was binarized according to the median value among
all study participants, and classified into high and low groups
accordingly. To avoid false-positive association, Bonferroni
P values of less than 0.004 were considered significant in in-
teraction analysis.
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Table 3. Prediction accuracy gained by adding thyroid hormones to basic model for chronic kidney disease (CKD) at different stages.

CKD Stage 1-2 CKD Stage 3
Statistics Basic model Basic model Basic model Basic Basic model Basic model Basic model
plus FT3 plus FT4 plus TSH model plus FT3 plus FT4 plus TSH
Calibration
ac 9246 766 - ag64 2677 o044 31 . 4532 076
Bmc %11 - a6 5214 2073 9021 357 . 4892 3306
CWRtest(d) Ref. 11197 221 002 Ref 1372 502 200
IRtestPvalue  Ref.  <00001 01374 08994  Ref. <0000l 0025 01478
CDiserimination
CNRI(Pvalue) Ref.  <00001 000618 000126 Ref.  <00001 00009 00074
DI Pvalie) Ref.  <00001  <0.0001 000105 Ref.  <00001  <0.0001 01767

Statistics Basic model Basic model Basic model Basic model Basic model Basic model
plus FT3 plus FT4 plus TSH plus FT3 plus FT4 plus TSH
Calibration

wc 1517 52 619 ;a7 102 793 7906 4992
e 11941 297 6908 734 1391 ga1g | 8394 5451
CRtest(d) Ref. 20816 1435 | 834 Ref 572 819 1169
IRtestPvalue  Ref  <00001 00002 00039 Ref 00168 00042 00006
CDiscimination
NRI(Pvalue) Ref  <00001  <00001  <0.0001 Ref  <00001  <00001 00003
DI Pvalue) Ref  <00001  <00001  <0.0001 Ref <0000l  <00001  <0.0001

AIC — Akaike information criterion; BIC — Bayesian information criterion; LR — likelihood ratio; NRI — net reclassification improvement;
IDI — integrated discrimination improvement; FT3 — free triiodothyronine; FT4 — free thyroxine; TSH — thyroid-stimulating hormone;

Ref. — reference group. Basic model included age, gender, diabetes, hypertension, triglycerides, total cholesterol, high-density

lipoprotein cholesterol, and uric acid.

For the interaction between FT3 and FT4, high FT3 and low
FT4 (OR: 1.81, 95% Cl: 1.30 to 2.55), low FT3 and high FT4 (OR:
17.72, 95% Cl: 7.18 to 43.74), and low FT3 and low FT4 (OR:
22.28, 95% Cl: 9.68 to 51.30) were associated with the sig-
nificant risk of CKD at stage 5 in a graded manner. There was
also a significant association of low FT3 and low FT4 with CKD
at stages 1-2 (OR: 11.93, 95% Cl: 4.34 to 32.83) and stage 4
(OR:10.70, 95% Cl: 4.34 to 26.23). For the interaction between
FT3 and TSH, there was a significant association of low FT3
and low TSH (OR: 15.93, 95% Cl: 6.12 to 41.49), and low FT3
and high TSH (OR: 19.62, 95% Cl: 5.88 to 67.53) with CKD at
stage 5. Similarly, the interaction between FT4 and TSH was
significant for low FT4 and low TSH (OR: 3.59, 95% Cl: 1.91 to
6.75), and low FT4 and high TSH (OR: 4.36, 95% Cl: 2.38 to 7.96)
in association with CKD at stage 5, as well as for low FT4 and
high TSH with CKD at stage 4 (OR: 3.24, 95% Cl: 1.52 t0 6.91).
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Discussion

In this retrospective study, we aimed to test the hypothesis
that serum thyroid hormones are potential risk predictors for
the risk and severity of CKD among Chinese adults. Our find-
ings support this hypothesis that serum FT3 may serve as an
early-stage biomarker for CKD, and FT4 and TSH as advanced-
stage biomarkers among Chinese adults. Moreover, it is also
worth noting that these 3 thyroid hormones may act interac-
tively in predisposition to developing CKD. To the best of our
knowledge, this is the first study that has evaluated the as-
sociation between thyroid hormones and CKD severity among
Chinese adults.

The involvement of thyroid hormones in the development
of CKD is biologically plausible. It is well known that thyroid
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Figure 2. (A-L) Decision curve analysis of adding 3 thyroid hormones (free triiodothyronine or FT3, free thyroxin or FT4, and thyroid-
stimulating hormone or TSH) to the basic model in prediction of chronic kidney disease (CKD) at different stages.
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Table 4. Interaction between free triiodothyronine (FT3), free thyroxine (FT4), and thyroid-stimulating hormone (TSH) in prediction of
chronic kidney disease (CKD) at different stages.

OR, 95% CI, P

_ 212, 1.14 to 1.13,0.51 to 1.58, 0.87 to 1.81,1.30 to
Rl AIESTET (AR 3.94,0.018 2.49,0.768 2.86,0.133 2.55, <0.001
T FT3 Hich FTa 5.33, 1.58 to 2.01,0.56 to 4.10,1.26 to 17.72,7.18 to
& 18.03, 0.007 7.22,0.283 13.3,0.019 43.74, <0.001
11.93, 434 to 3.63, 1.14 to 10.7, 437 to 22.28,9.68 to

Low FT3-Low FT4 32.83, <0.001 9.93,0.012 26.23, <0.001 51.30, <0.001

High FT3-Low TSH Ref. Ref. Ref. Ref.

. : 0.99, 0.50 to 1.25,0.59 to 1.74, 1.06 to 0.94, 0.52 to

High FT3-High TSH 1.97, 0.986 2.66, 0.549 2.85,0.028 1.72,0.842
e FraoLow TSH 7.68, 1.63 to 1217, 1.17 to 4.30,0.78 to 15.93,6.12 to
36.16, 0.010 126.08, 0.036 23.64, 0.094 41.49, <0.001
. 2.19,0.33 to 9.20, 1.12 to 9.13, 1.63 to 19.92, 5.88 to

LeiEgli=Eh 14.49, 0.415 75.61, 0.039 51.25,0.012 67.53, <0.001

High FT4-Low TSH Ref. Ref. Ref. Ref.

. . 0.96, 0.43 to 1.36, 0.57 to 2.24,1.24 to 1.77, 1.08 to

High FT4—High TSH 2.17,0.922 3.23,0.478 4.05,0.008 2.90, 0.022

e FiaeLow TSH 2.39,0.80 to 5.58, 1.62 to 2.68,1.22 to 3.59, 1.91 to
7.13,0.117 19.09, 0.006 5.93,0.015 6.75, <0.001

. 1.54,0.51 to 5.51, 1.56 to 3.24,1.52 to 436,238 to

LR AL Sl AU 4.60, 0.437 19.44, 0.008 6.91, 0.002 7.96, <0.001

OR - odds ratio; 95% Cl — 95% confidence interval; Ref. — reference group. FT3, FT4, and TSH were binarized according to the median
values (FT3: 2.18 pg/mL, FT4: 1.13 ng/dL, TSH: 2.06 plU/mL) in all study participants, and classified into high and low groups,
respectively.

hormones play an important role in differentiation, growth, and adults from the Netherlands, there was no detectable associ-

metabolism, and they are necessary for the normal function of
virtually all tissues, including the kidneys [28,29]. Although the
molecular mechanisms behind the association between thy-
roid hormones and CKD are not yet completely understood, it
has been reported that thyroid hormones affect renal function
via some pre-renal or direct renal effects on cardiac output
and the systemic vascular resistance, which further regulates
renal blood flow [29-31]. There is also evidence that thyroid
hormones affect renal clearance of water load by their effects
on GFR [32], and they affect Na reabsorption at the proximal
convoluted tubules, primarily by increasing Na/K ATPase activ-
ity [33] and tubular potassium permeability [34]. It is thus rea-
sonable to speculate that unfavorable changes in serum thy-
roid hormones may worsen renal function, which then leads
to the development and progression of CKD.

Some studies have examined the association between thyroid
hormones and CKD risk, and the results are not often repro-
ducible. For example, in a prospective cohort involving older

ation between baseline thyroid hormone concentrations and
changes in renal function during follow-up [35]. However,
a large prospective study conducted in South Korea showed
that normal-to-low levels of FT3 and normal-to-high levels
of TSH were associated with an increased risk of incident
CKD [36]. By contrast, in a cross-sectional studies from China,
TSH was negatively associated with eGFR, and high FT4 was
associated with an increased risk of CKD in euthyroid individ-
uals [37]. Another prospective study showed that high FT4, but
not TSH and FT3, was associated with an increased risk of in-
cident CKD and rapid eGFR decline in middle-aged and elderly
Chinese [15]. Several factors could be behind these conflicting
findings. The first factor might be heterogeneity across study
populations. Mounting evidence suggests that genetic influ-
ences in CKD are polygenic [38], and different populations
usually have different genetic profiles and diverse lifestyle
patterns [39,40]. This is exemplified by differences between
northern and southern Chinese, as wide geographic differenc-
es cause various discrepancies due to historical and cultural
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influences. For instance, the average urinary sodium excretion
in northern Chinese is nearly double that in southern Chinese,
leading to an average of 7.4 and 6.9 mm Hg increased in sys-
tolic and diastolic blood pressure,22 the established risk fac-
tor for CKD [8,9]. The second reason might be related to un-
accounted residual confounding, which might yield a possible
selection bias. The third reason is that the contribution of any
individual biomarker to CKD risk is likely to be small, in view of
the complex nature of CKD development [41]. Most studies on
the association between thyroid hormones and CKD have were
conducted in Western countries and among southern Chinese.
In this present study, we focused on northern Chinese adults
and employed the propensity score matching method to re-
duce selection bias by equating groups based on age and sex
when assessing the association between serum thyroid hor-
mones and the risk and severity of CKD. Our findings revealed
that serum FT3 and FT4 are protective factors against CKD
susceptibility at different stages, and serum TSH is a risk fac-
tor for advanced CKD stages. In clinical practice, thyroid hor-
mones can be easily measured, and thus might be useful in
predicting the onset and progression of CKD.

Another important finding of this study is that the 3 thyroid
hormones we studied might act in an interactive manner, espe-
cially for the interaction between FT3 and FT4 when predict-
ing the risk of CKD stage 5. In most previous studies, thyroid
hormones were only investigated individually, and their poten-
tial interactions were often overlooked. However, due to multi-
ple subgroups in interaction analysis and the limited number
of study participants, especially after propensity score match-
ing, our findings should be considered preliminary and require
confirmation in other independent populations.
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Several possible limitations should be acknowledged in this
study. First, the cross-sectional design precludes further com-
ments on the cause-effect relationship between thyroid hor-
mones and CKD, and all study participants were recruited from
one center, requiring further external validation. Second, some
unmeasured characteristics of the study participants, such as
obesity, might confound the association of thyroid hormones
with CKD risk and severity. Third, insufficient sample size or
random measurement error may have limited our power to
detect phenotype—-disease associations. Fourth, all study par-
ticipants were enrolled from a single hospital, which might
have led to population stratification. Fifth, this study involved
Chinese adults of Han ethnicity, and extrapolation to other
ethnic or racial groups is restricted.

Conclusions

Despite these limitations, our findings indicated that serum
FT3 may serve as an early-stage biomarker for CKD, and FT4
and TSH could be used as advanced-stage biomarkers among
Chinese adults. Importantly, these thyroid hormones can act
interactively in predisposition to the development of CKD.
Nevertheless, for practical reasons, we hope that this study
will not remain just another endpoint of research instead of
beginning to establish background data to further investigate
the contributory role of thyroid hormones in the pathogenesis
of CKD and as adjuvant therapy to control CKD progression.
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