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Objective: This study is to investigate the correlation between serum triiodothyronine (T3) 
levels and all-cause and cardiovascular mortality in PD patients.
Methods: A total of 376 end-stage renal disease (ESRD) patients who started maintenance 
PD treatment in the Department of Nephrology in our hospital and stable treatment for ≥3 
months were selected, and the total T3 (TT3) and free T3 (FT3) levels were determined. 
Among them, 168 cases with FT3 <3.5 pmol/L and/or TT3 <0.92 nmol/L were divided into 
the low serum T3 level group, and the remaining 208 cases were divided into normal serum 
T3 level group. The Cox survival analysis method was used to analyze the correlation 
between low serum T3 levels and all-cause and cardiovascular mortality in PD patient.
Results: Compared with the normal serum T3 level group, patients with low serum T3 
levels had higher systolic blood pressure and a higher proportion of heart disease, and lower 
levels of total T4, free T4, hemoglobin, serum albumin, blood calcium, serum total bilirubin, 
alanine aminotransferase, and 24-h urine volume (all P < 0.05). Binary Logistic regression 
analysis showed that heart disease (P = 0.003, OR: 2.628, 95% CI: 1.382–4.997) and high 
TT4 level (P < 0.001, OR: 0.968, 95% CI: 0.956–0.979) were related to low serum T3 levels 
in PD patients. Multivariate Cox regression analysis showed that low serum FT3 level was 
an independent risk factor for all-cause death in PD patients (HR = 0.633, 95% CI = 0.431– 
0.930; P < 0.020).
Conclusion: Low serum T3 levels in PD patients were associated with heart disease and 
TT4 levels. Low serum FT3 levels were associated with the risk of all-cause death in PD 
patients.
Keywords: serum T3 level, peritoneal dialysis, all-cause death, cardiovascular death, 
correlation

Introduction
The thyroid is the biggest endocrine organ of the human body. The thyroid 
hormones it secretes play an essential role in kidney development, maintaining 
water and electrolyte balance, and kidney function.1 Under conditions such as renal 
hypofunction, it will also have a greater effect on the synthesis, secretion and 
clearance of thyroid hormones.2 On the other hand, thyroid hormones significantly 
impact renal development and kidney dynamics.3,4 Elevated TSH, FT4, and 
reduced T3 levels were associated with reduced kidney function.5 In the previous 
study, serum FT3 could be a potential biomarker for chronic kidney disease (CKD) 
among Chinese adults.6
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End-stage renal disease (ESRD) occurs while CKD 
reaches an advanced state. Peritoneal dialysis (PD) is an 
effective renal replacement therapy for patients with 
ESRD. Studies7,8 have shown that abnormal thyroid func
tion is closely related to the poor prognosis of PD patients. 
However, the correlation between total triiodothyronine 
(TT3), free triiodothyronine (FT3) or other laboratory 
indicators and all-cause death and cardiovascular disease 
(CVD) death in PD patients has not yet reached consensus 
in the current research. Some studies7,9 pointed out that the 
incidence of low T3 syndrome in PD patients was rela
tively high, which was closely related to all-cause and 
CVD deaths and represented a factor directly related to 
cardiac complications in PD patients. Tian et al10 pointed 
out that FT3 is the only thyroid hormone that can inde
pendently predict all-cause death in maintenance perito
neal dialysis patients. The mechanism may be related to 
the malnutrition-inflammation syndrome, which has been 
proven to be an extremely unfavorable factor affecting the 
prognosis of ESRD patients.11

In this study, the clinical data of 376 ESRD patients 
receiving PD treatment in our hospital were retrospec
tively analyzed, and the correlation between low T3 levels 
and the risk of all-cause and CVD deaths in PD patients 
was explored.

Materials and Methods
Study Design and Patient Population
The subjects of the study were patients who had an 
indwelling peritoneal dialysis tube in the Department of 
Nephrology, Hwa Mei Hospital, University of Chinese 
Academy of Sciences from October 1, 2006 to 
September 30, 2020 for PD treatment. The inclusion cri
teria were: age ≥ 18 years; PD treatment ≥ 3 months. The 
exclusion criteria were: out-of-hospital catheterization, 
previous history of kidney transplantation; previous hemo
dialysis ≥3 months; CVD occurrence within 3 months; 
patients with rheumatic or organic heart disease; patients 
with chronic liver disease and severe liver dysfunction; 
those who have had blood transfusion within 3 months 
before the study; those with incomplete clinical data; those 
who have had a history of thyroid disease or hypothalamo- 
pituitary disorders now or in the past; determined thyroid 
hormone levels (within 1 month), and took medicines that 
may affect the secretion and metabolism of thyroid hor
mone. This study was approved by the ethics committee of 
Hwa Mei Hospital, University of Chinese Academy of 

Sciences (No.PJ-KY-NBEY-2016-016-01) and complied 
with the principles of the Declaration of Helsinki for 
medical research. Patient consent was waived because of 
the retrospective nature of the study and the analysis used 
anonymous clinical data.

Data Collection
All patients were followed up to death, transferred to 
hemodialysis treatment, transferred to kidney transplanta
tion, transferred to other dialysis centers, lost to follow-up 
or followed up until September 30, 2020 through tele
phone, outpatient, WeChat and other ways. We collected 
baseline data of all selected patients at the third month 
afterPD, including demographic data: gender, age, smok
ing, drinking, systolic blood pressure, diastolic blood pres
sure, heart rate, weight, height, body mass index (BMI), 
hypertension, diabetes, heart disease such as chronic heart 
failure, coronary artery disease, arrhythmia, heart valve 
and myocardial disease etc., cerebrovascular disease, and 
laboratory biochemical indicators: TT3, FT3, thyroid- 
stimulating hormone (TSH), total thyroxine (TT4), free 
thyroxine (fT4), hemoglobin, serum albumin, alkaline 
phosphatase, blood creatinine, urea nitrogen, uric acid, 
blood calcium, blood phosphorus, C-reactive protein, 
serum total bilirubin, aspartate aminotransferase, alanine 
aminotransferase, parathyroid hormone value, low-density 
lipoprotein C, triglycerides, total cholesterol, 24-h urine 
volume, glomerular filtration rate (eGFR), eGFR calcula
tion referred to CKD-EPI formula. The thyroid hormone 
levels of included patients were determined by acridinium 
chemiluminescence with ADVIA centaur XP (Siemens 
Healthineers) in the same laboratory. The clinical outcome 
and cause of death of patients were recorded. The causes 
of death was jointly determined by the physician and the 
nurse. CVD death is caused by a range of diseases related 
to the circulatory system, containing coronary heart dis
ease, cerebrovascular disease, and other conditions.12,13 

The normal range of FT3 and TT3 are 3.5 ~ 6.5 pmol/L, 
and 0.92 ~ 2.79 nmol/L respectively in our laboratory, 
which is same with other laboratory in China.9 In this 
study, patients with serum FT3<3.5 pmol/L and/or 
TT3<0.92 nmol/L were divided into low serum T3 level 
group.

Statistical Analysis
SPSS 25.0 software was used for statistical analysis of 
the data. The measurement data conformed to the nor
mal distribution were expressed as mean ± standard 
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deviation (x−±s), and t-test was used for comparison 
between two groups. The measurement data that did 
not conform to the normal distribution were expressed 
as M(P25-P75), and Mann–Whitney U-test was used for 
comparison between two groups. The count data was 
expressed as rate (%), and the two groups were com
pared using χ2 test. The variables with significantly 
difference in unavailable Cox regression analysis and 
gender, BMI, and cerebrovascular disease were included 
to perform multivariable model. Binary logistic regres
sion analysis method was used to analyze the influen
cing factors of low T3 level, and the statistical power of 
influencing factors were determined by G Power 3.1. 
The Kaplan-Meier survival analysis method was used 
to compare the survival and prognosis of patients, and 
Cox survival analysis method was used to analyze the 
correlation between low serum T3 levels and all-cause 
and CVD death in PD patients. P<0.05 indicates that 
the difference is statistically significant.

Results
Baseline Demographic and Clinical 
Characteristics of Patients
A total of 376 patients were included in this study. 
Average age of patients was (57.80±15.13) years, 
included 217 (57.71%) males and 116 (30.85%) diabetic 
patients. Compared with the normal serum T3 level 
group, patients with low serum T3 levels had higher 
systolic blood pressure and a higher proportion of heart 
disease, and lower levels of TT4, fT4, hemoglobin, serum 
albumin, blood calcium, serum total bilirubin, alanine 
aminotransferase, and 24-h urine volume (all P<0.05). 
There was no significant difference in the other baseline 
data (all P>0.05) (Table 1).

Binary Logistic Regression Analysis of 
Factors Related to Low Serum T3 Levels
The results showed that systolic blood pressure (P=0.049, 
OR: 1.009, 95% CI: 1.000–1.018), heart disease (P=0.003, 
OR: 2.628, 95% CI: 1.382–4.997) and high TT4 level 
(P<0.001, OR: 0.968, 95% CI: 0.956–0.979) were related 
to low serum T3 levels in PD patients (Table 2). The 
statistical power of heart disease and TT4 level were 
0.9999427 and 0.9999480, respectively. However, the sta
tistical power of systolic blood pressure was low as 
0.6375900.

The Correlation Between Low Serum T3 
Levels and All-Cause and CVD Deaths in 
PD Patients
The end of follow-up for this study was as of 
September 30, 2020. There were 70 (18.62%) deaths, 12 
(3.19%) cases of kidney transplants, 40 (10.64%) cases of 
HD transfer, and 5 (1.33%) cases lost to follow-up. Fifty- 
one (13.56%) cases were transferred to other dialysis 
centers, and the remaining 198 (52.52%) cases continued 
to be followed up. Among the 70 deaths, 37 (52.56%) 
cases died of CVD, which containing 19 (27.14%) cases 
with coronary heart disease, 9 (12.86%) cases with cere
brovascular disease, 6 (8.57%) cases with heart failure and 
3 (4.29%) cases with sever arrhythmia. Beside of the CVD 
death, 10 (14.29%) cases died of infection, 6 (8.57%) 
cases died of malignant tumors, 1 (1.43%) case died of 
gastrointestinal bleeding, 5 (7.14%) cases died of malnu
trition, and 11 (15.71%) cases died of other causes.

The Kaplan-Meier curves of patients with different T3 
levels showed that the 1, 3, and 5-year cumulative all- 
cause mortality after the onset of PD in the serum T3 level 
group were 7.74% (13/168), 19.05% (32/168) and 23.21 
(39/168), respectively; for the normal serum T3 level 
group, the cumulative all-cause mortality rates were 
2.88% (6/208), 4.81% (10/208), 6.73% (14/208), and the 
survival rate of the low serum T3 level group was signifi
cantly lower than the normal serum T3 level group (Log 
rank test χ2=29.697, P<0.001) (Figure 1). The 1, 3, and 
5-year cumulative CVD mortality in the low serum T3 
level group were 4.76% (8/168), 10.12% (17/168), and 
13.10% (22/168), respectively. For the normal serum T3 
level group, the cumulative CVD mortality were 1.92% (4/ 
208), 2.40% (5/208), and 2.88% (6/208). The survival rate 
of the low serum T3 level group was the normal serum T3 
level group (Log rank test χ2=19.454, P <0.001) 
(Figure 2).

The Predictive Value of Serum T3 Level 
on the Prognosis of PD Patients
After adjusting for patient demographics and important 
laboratory indicators, the multivariate Cox risk regression 
model (Tables 3 and 4) showed that low serum FT3 level 
was an independent risk factor for all-cause death in PD 
patients (HR = 0.633, 95% CI =0.431–0.930; P=0.020). 
However, serum FT3 was not a significant independent 
risk factor for CVD death in PD patients (HR = 1.054, 
95% CI = 0.608–1.826; P>0.05).
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Discussion
Previous studies have confirmed that PD patients usually 
have varying degrees of thyroid dysfunction, such as low 
T3 syndrome, subclinical hypothyroidism and clinical 
hypothyroidism, which is a protective factor for reduced 
body protein and energy expenditure.3,14,15 In recent years, 
as clinicians pay more and more attention to the manage
ment of thyroid function in PD patients, the risk awareness 
that abnormal thyroid function affecting the prognosis of 

PD widely known. However, serum T3 level as one of the 
main reference indicators of thyroid function still lacks 
attention, and there is no consensus on serum T3 level 
for the clinical prognosis of PD patients.

There are many factors that affect the serum T3 level 
of PD patients.8,16,17 This study retrospectively analyzed 
the clinical data of 376 PD patients and found that low 
serum T3 level was related to heart disease and TT4 level, 
which was similar to previous studies.18,19 T3 and T4 are 

Table 1 Comparison of Baseline Data Between Groups

Indexes n Normal Serum T3 Level Group 
(n=208)

Low Serum T3 Level Group 
(n=168)

t/ χ2 P-value

Gender [male, n (%)] 217 116 (55.77) 101 (60.12) 0.721 0.369

Age (years old) 56.61±14.82 59.27±15.42 1.704 0.089

Smoking [n (%)] 79 44 (21.15) 35 (20.83) 0.006 0.940
Drinking [n (%)] 46 24 (11.54) 22 (13.10) 0.210 0.647

Systolic blood pressure (mmHg) 145.77 ±24.58 151.68±28.87 2.144 0.033

Diastolic blood pressure (mmHg) 81.75±17.77 82.29±16.32 0.307 0.759
Heart rate (times) 79.0±11.79 78.96±10.49 0.061 0.952

Weight (kg) 60.28±11.95 61.47±12.35 0.941 0.347
Height (m) 1.64±0.08 1.65±0.07 0.761 0.447

BMI (kg/m2) 22.33±3.76 22.57±3.70 0.615 0.539

Hypertension [n (%)] 332 184(88.46) 148(88.10) 0.025 0.988
Diabetes [n (%)] 116 62(29.81) 54(32.14) 2.590 0.274

Heart disease [n (%)] 74 28(13.46) 46(27.38) 11.391 <0.001

Cerebrovascular disease [n (%)] 40 19(9.13) 21(12.50) 1.107 0.293
TSH (mIU/L) 2.74±0.73 2.59±2.42 1.014 0.311

TT3 (nmol/L) 1.38±0.28 0.92±0.28 15.541 <0.001

FT3 (pmol/L) 4.20±0.54 3.02±0.56 20.489 <0.001
TT4 (nmol/L) 104.69±27.41 88.95±27.10 6.696 <0.001

FT4 (pmol/L) 15.02±0.79 14.30±3.29 2.576 0.010

Hemoglobin (g/L) 106.93±19.43 102.45±22.12 2.090 0.037
Serum albumin (g/L) 34.13±5.68 30.56±6.25 5.786 <0.001

Alkaline phosphatase (IU/L) 75.00(58.00, 96.00) 75.00(59.75, 99.50) - 0.741

Serum creatinine (μmol/L) 676.71±241.62 632.95±231.00 1.780 0.076
Urea nitrogen (mmol/L) 18.68±5.66 17.78±6.23 1.474 0.141

Uric acid (μmol/L) 394.12±95.99 392.72±109.80 0.132 0.895

Blood calcium (mmol/L) 2.13±0.22 2.04±0.22 3.754 0.000
Blood phosphorus (mmol/L) 1.40±0.36 1.34±0.44 1.473 0.142

C reactive protein (mg/L) 8.7±16.74 11.12±22.44 1.200 0.231

Serum bilirubin (μmol/L) 6.25±4.84 5.05±2.21 2.979 0.003
Aspartate aminotransferase (IU/L) 20.35±9.72 19.25±11.23 1.014 0.311

Alanine aminotransferase (IU/L) 19.72±17.50 16.01±10.26 2.434 0.015

Parathyroid hormone value (pg/mL) 257.75±183.86 262.47±217.64 0.228 0.820
Low density lipoprotein C(mmol/L) 2.41±0.88 2.47±0.94 0.617 0.538

Triglyceride (mmol/L) 1.75±1.66 1.67±1.37 0.540 0.590

Total cholesterol (mmol/L) 4.32±1.16 4.43±1.24 0.861 0.390
24-h urine volume (mL) 1097.54±459.28 977.96±485.36 2.324 0.021

eGFR (mL/min per 1.73m2) 7.56±4.82 8.11±4.29 1.150 0.251

Notes: TSH for Thyroid-stimulating hormone; TT3 for total triiodothyronine; FT3 for free triiodothyronine; TT4 for total thyroxine; FT4 for free thyroxine; eGFR for 
estimated Glomerular Filtration Rate.
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the two main thyroid hormones secreted by the thyroid. In 
the previous studies, T3/T4 ratio seems to be associated 
with BMI in obese children and adults, also it seems 
a reliable indicator to predict the effectiveness of treatment 
and prognosis in lots of diseases.20–22 The thyroid secretes 
only 20% of T3, and more than 80% of T3 is originated 
from the deiodination of T4.23 The conversion of T4 to 
rT3 is an inner-ring deiodination process, which may be 
stimulated after the occurrence of kidney disease.24 

Previous study has shown that heart-failure patients with 

insufficiently treated hypothyroidism have worse renal 
function than patients with normal or effectively treated 
hypothyroidism.25 Patients with heart disease can stimu
late the secretion of catecholamine and others due to 
stress, leading to a decrease in serum TT3 levels. On the 
other hand, patients with heart disease often have micro- 
inflammatory reactions. Related inflammatory cytokines 
can act on the hypothalamus-pituitary-thyroid axis through 
a variety of ways, inhibit the response of pituitary to 
thyrotropin-releasing hormone and the secretion of 

Table 2 Binary Logistic Regression Analysis Results of Factors Related to Low Serum T3 Levels

Indexes Univariate Analysis Multivariate Analysis

P OR 95% CI P OR 95% CI

Gender [male, n (%)] 0.396 0.836 0.554~1.264 0.106 0.464 0.183~1.176

Age (years old) 0.090 1.012 0.998~1.026 0.064 0.970 0.939~1.002
Smoking [n (%)] 0.940 1.020 0.619~1.680 – – –

Drinking [n (%)] 0.647 0.866 0.467~1.606 – – –

Systolic blood pressure (mmHg) 0.034 1.008 1.001~1.016 0.049 1.009 1.000~1.018
Diastolic blood pressure (mmHg) 0.758 1.002 0.990~1.014 – – –

Heart rate (times) 0.952 0.999 0.981~1018 0.401 1.018 0.977~1.060

Weight (kg) 0.347 1.008 0.991~1.025 – – –
Height (m) 0.446 1.010 0.984~1.038 – – –

BMI (kg/m2) 0.538 1.017 0.963~1.074 0.441 1.045 0.9934~1.169

Hypertension [n (%)] 0.913 1.036 0.551~1.984 – – –
Diabetes [n (%)] 0.626 1.115 0.719~1.731 – – –

Heart disease [n (%)] 0.001 2.424 1.437~4.089 0.003 2.628 1.382~4.997

Cerebrovascular disease [n (%)] 0.294 0.704 0.365~1.357 0.967 1.029 0.260~4.071
TSH (μIu/mL) 0.466 1.009 0.984~1.035 – – –

TT4 (nmol/L) <0.001 0.947 0.965~0.982 0.000 0.968 0.956~0.979

FT4(pmol/L) 0.011 0.911 0.848~0.978 0.056 1.282 0.993~1.655
Hemoglobin (g/L) 0.038 0.990 0.980~0.999 0.102 0.922 0.838~1.016

Serum albumin (g/L) <0.001 0.905 0.873~0.939 0.741 0.996 0.972~1.021

Alkaline phosphatase (IU/L) 0.709 1.001 0.996~1.006 – – –
Serum creatinine (μmol/L) 0.077 0.999 0.998~1.000 – – –

Urea nitrogen (mmol/L) 0.142 0.974 0.941~1.009 – – –

Uric acid (μmol/L) 0.895 1.000 0.998~1.002 – – –
Blood calcium (mmol/L) <0.001 0.166 0.063~0.441 0.674 0.586 0.049~7.065

Blood phosphorus (mmol/L) 0.143 0.675 0.399~1.142 0.301 0.551 0.177~1.708
C reactive protein (mg/L) 0.236 1.006 0.996~1.017 – – –

Serum bilirubin (μmol/L) 0.002 0.864 0.789~0.947 0.339 0.874 0.664~1.151

Aspartate aminotransferase (IU/L) 0.312 0.999 0.970~1.010 – – –
Alanine aminotransferase (IU/L) 0.019 0.979 0.962~0.997 0.165 0.952 0.889~1.020

Parathyroid hormone value (pg/mL) 0.852 1.000 0.999~1.001 – – –

Low density lipoprotein C (mmol/L) 0.537 1.073 0.858~1.343 – – –
Triglyceride (mmol/L) 0.589 0.963 0.842~1.013 – – –

Total cholesterol (mmol/L) 0.389 1.077 0.909~1.277 – – –

24-h urine volume (mL) 0.022 0.999 0.999~1.000 0.606 1.000 0.999~1.002
eGFR (mL/min per 1.73m2) 0.259 1.027 0.981~1.075 0.811 0.986 0.880~1.105

Notes: FT3 for free triiodothyronine; FT4 for free thyroxine; eGFR for estimated Glomerular Filtration Rate.
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Figure 1 Kaplan-Meier survival analysis of all-cause death in patients with different T3 levels.

Figure 2 Kaplan-Meier survival analysis of CVD death in patients with different T3 levels.
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thyroid-stimulating hormone, and enhance the expression 
of T3 receptors and their affinity with T3, leading to 
a decrease in serum T3 levels.26

Previous studies have investigated the effect of serum 
T3 levels on the prognosis of CKD patients with protei
nuria and long-term cardiovascular outcomes in incident 
PD patients.7,27 In this study, we further investigated the 
correlation between serum T3 levels and all-cause and 
CVD mortality in PD patients. The results showed that 

whether it was all-cause death or CVD death, the survival 
rates of low serum T3 level group were generally lower 
than that of normal serum T3 level group. Low serum FT3 
level was an independent risk factor for all-cause death in 
PD patients (HR=0.633, 95% CI=0.431–0.930; P<0.020), 
which was partially consistent with the results of literature 
studies.14,28 Above mentioned results confirmed that low 
serum T3 level was an independent risk factor for poor 
prognosis in PD patients. According to the related 

Table 3 Cox Regression Analysis Results of the Correlation Between Low Serum T3 Level and All-Cause Death

Influencing Factors Univariate Analysis Multivariate Analysis

P HR 95% CI P HR 95% CI

Gender [male, n (%)] 0.094 0.658 0.403~1.074 0.246 0.744 0.449~1.231

Age (years old) <0.000 1.072 1.051~1.093 <0.001 1.094 1.067~1.121
Smoking [n (%)] 0.173 1.465 0.846~2.535 – – –

Drinking [n (%)] 0.069 1.753 0.957~3.210 – – –

Systolic blood pressure (mmHg) 0.002 1.013 1.005~1.021 0.195 1.007 0.997~1.017
Diastolic blood pressure (mmHg) 0.285 0.992 0.977~1.007 – – –

Heart rate (times) 0.089 1.018 0.997~1.038 <0.001 1.055 1.031~1.080

Weight (kg) 0.794 0.997 0.978~1.018 – – –
Height (m) 0.204 1.020 0.989~1.053 – – –

BMI (kg/m2) 0.271 0.963 0.900~1.030 0.510 0.997 0.912~1.047

Hypertension [n (%)] 0.515 0.807 0.423~1.539 – – –
Diabetes [n (%)] 0.032 1.747 1.051~2.905 – – –

Heart disease [n (%)] 0.000 3.586 2.196~5.857 0.102 1.584 0.913~2.748

Cerebrovascular disease [n (%)] 0.029 1.571 0.777~3.177 0.608 1.206 0.590~2.462
TSH (mIU/L) 0.033 1.007 1.001~1.013 0.943 1.000 0.990~1.009

TT3 (nmol/L) 0.001 0.303 0.154~0.598 0.053 0.475 0.224~1.011

FT3 (pmol/L) <0.001 0.523 0.377~0.724 0.020 0.633 0.431~0.930
TT4 (nmol/L) 0.057 0.992 0.984~1.000 – – –

FT4 (pmol/L) 0.299 0.959 0.885~1.038 – – –

Hemoglobin (g/L) 0.037 0.986 0.972~0.999 0.001 0.977 0.964~0.990
Serum albumin (g/L) 0.000 0.890 0.848~0.935 <0.001 0.894 0.845~0.945

Alkaline phosphatase (IU/L) 0.549 1.002 0.996~1.008 – – –

Serum creatinine (μmol/L) 0.000 0.997 0.996~0.999 0.599 0.999 0.997~1.002
Urea nitrogen (mmol/L) 0.736 1.008 0.960~1.059 – – –

Uric acid (μmol/L) 0.110 1.002 1.000~1.004 – – –
Blood calcium (mmol/L) 0.026 0.256 0.077~0.853 0.023 0.217 0.059~0.807

Blood phosphorus (mmol/L) 0.436 0.764 0.388~1.505 0.006 2.659 1.325~5.337

C reactive protein (mg/L) 0.000 1.019 1.009~1.029 0.059 1.022 0.998~1.045
Serum bilirubin (μmol/L) 0.000 0.750 0.648~0.569 0.307 0.890 0.712~1.113

Aspartate aminotransferase (IU/L) 0.002 1.038 1.014~1.064 0.117 1.019 0.995~1.043

Alanine aminotransferase (IU/L) 0.293 0.988 0.966~1.010 – – –
Parathyroid hormone value (pg/mL) 0.897 1.000 0.999~1.001 – – –

Low density lipoprotein C (mmol/L) 0.214 0.754 0.483~1.177 – – –

Triglyceride (mmol/L) 0.624 0.953 0.786~1.156 – – –
Total cholesterol (mmol/L) 0.577 1.119 0.753~1.662 – – –

24-h urine volume (mL) 0.000 0.999 0.998~0.999 0.112 1.000 0.999~1.000

eGFR (mL/min per 1.73m2) 0.000 1.071 1.039~1.104 <0.001 1.124 1.065~1.187

Notes: TSH for Thyroid-stimulating hormone; TT3 for total triiodothyronine; FT3 for free triiodothyronine; TT4 for total thyroxine; FT4 for free thyroxine; eGFR for 
estimated Glomerular Filtration Rate.
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mechanism of low serum T3 level and of all-cause death 
or CVD death in PD patients, low serum FT3 level 
increases the risk of all-cause death in PD patients, 
which may be related to the following reasons: (1) low 
serum FT3 level means that the myocardial contractility of 
body and the cardiac output are reduced, also leads to an 
increase in atrial natriuretic peptide content and water and 
sodium retention, which stimulate the occurrence and 
aggravation of heart failure,29 thereby increasing the risk 

of death; (2) malnutrition is closely related to the death of 
PD patients. Patients with low serum FT3 levels usually 
have varying degrees of malnutrition. In this study, 
patients with low serum T3 levels had lower hemoglobin 
and serum albumin, which also indicated that PD patients 
with malnutrition or low serum T3 levels have a poor 
prognosis.30 The multivariate Cox regression model also 
showed that serum albumin was an independent risk factor 
for all-cause death and CVD death in PD patients. Erhan 

Table 4 Cox Regression Analysis Results of the Correlation Between Low Serum T3 Level and CVD Death

Influencing Factors Univariate Analysis Multivariate Analysis

P HR 95% CI P HR 95% CI

Gender [male, n (%)] 0.206 0.647 0.329~1.272 0.171 0.569 0.254~1.276

Age (years old) 0.000 1.086 1.055~1.117 0.000 1.064 1.032~1.097
Smoking [n (%)] 0.593 1.240 0.564~2.724 – – –

Drinking [n (%)] 0.497 0.663 0.203~2.168 – – –

Systolic blood pressure (mmHg) 0.028 0.975 0.953~0.997 0.663 1.000 0.998~1.003
Diastolic blood pressure (mmHg) 0.377 1.013 0.984~1.043 – – –

Heart rate (times) 0.006 1.015 1.004~1.026 0.003 1.044 1.015~1.075

Weight (kg) 0.839 0.966 0.693~1.347 – – –
Height (m) 0.796 1.032 0.812~1.312 – – –

BMI (kg/m2) 0.869 1.079 0.439~2.649 0.641 0.976 0.882~1.082

Hypertension [n (%)] 0.223 0.562 0.222~1.422 – – –
Diabetes [n (%)] 0.016 2.421 1.177~4.979 0.641 0.976 0.882~1.080

Heart disease [n (%)] <0.001 11.817 5.862~23.821 <0.001 8.970 3.824~21.046

Cerebrovascular disease [n (%)] 0.626 1.297 0.456~3.683 0.516 0.685 0.219~2.144
TSH (mIU/L) 0.817 0.988 0.891~1.096 – – –

TT3 (nmol/L) 0.068 0.351 0.114~1.080 – – –

FT3 (pmol/L) 0.852 1.054 0.608~1.826 – – –
TT4 (nmol/L) 0.238 0.992 0.978~1.006 – – –

FT4 (pmol/L) 0.656 1.028 0.909~1.163 – – –

Hemoglobin (g/L) 0.093 0.984 0.966~1.003 – – –
Serum albumin (g/L) 0.000 0.878 0.823~0.935 0.004 0.894 0.828~0.966

Alkaline phosphatase (IU/L) 0.894 1.001 0.991~1.010 – – –

Serum creatinine (μmol/L) 0.062 1.003 1.000~1.006 – – –
Urea nitrogen (mmol/L) 0.345 0.969 0.908~1.034 – – –

Uric acid (μmol/L) 0.001 1.055 1.023~1.088 0.006 1.005 1.002~1.009
Blood calcium (mmol/L) 0.000 0.036 0.008~0.155 0.018 0.088 0.012~0.663

Blood phosphorus (mmol/L) 0.749 0.861 0.343~2.159 – – –

C reactive protein (mg/L) 0.035 1.015 1.001~1.029 0.086 1.025 0.997~1.054
Serum bilirubin (μmol/L) 0.001 0.716 0.582~0.880 0.704 0.960 0.775~1.187

Aspartate aminotransferase (IU/L) 0.010 1.030 1.007~1.054 0.707 0.920 0.596~1.420

Alanine aminotransferase (IU/L) 0.210 0.978 0.945~1.013 – – –
Parathyroid hormone value (pg/mL) 0.995 1.000 0.998~1.002 – – –

Low density lipoprotein C (mmol/L) 0.221 0.788 0.539~1.154 – – –

Triglyceride (mmol/L) 0.005 1.061 1.018~1.105 0.009 1.324 1.073~1.634
Total cholesterol (mmol/L) 0.885 0.987 0.823~1.182 – – –

24-h urine volume (mL) 0.006 0.999 0.840~1.306 - - -

eGFR (mL/min per 1.73m2) 0.527 0.893 0.628~1.269 0.692 0.971 0.840~1.123

Notes: TSH for Thyroid-stimulating hormone; TT3 for total triiodothyronine; FT3 for free triiodothyronine; TT4 for total thyroxine; FT4 for free thyroxine; eGFR for 
estimated Glomerular Filtration Rate.
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et al31 pointed out that the reduction of serum FT3 level in 
ESRD patients may participate in carotid atherosclerosis 
through various mechanisms such as endothelial injury, 
cardiac abnormalities and inflammation. This may be one 
of the reasons for the increased risk of all-cause death in 
patients with low serum FT3 levels.

At the same time, the different from previous studies is 
that although this study shows that low serum T3 levels 
have a certain relationship with the CVD deaths in PD 
patients, taking CVD mortality of PD patients, the cumu
lative CVD mortality in the low serum T3 group was 
significantly higher than that of patients with normal T3 
levels when CVD mortality is taken as the outcome. 
However, further multivariate Cox regression analysis 
showed that low serum TT3 and FT3 levels were not 
risk factors for CVD death in PD patients. The reasons 
for the differences may be related to the different sources 
of the study samples, and regional factors such as dietary 
habits and water quality may affect the thyroid hormone 
levels in PD patients.32–34

It should be pointed out that this study has certain 
limitations. In this study, the research data comes from 
a single center. And this is a retrospective study that can 
only establish the correlation. Moreover, we cannot assess 
the impact of the dynamic changes of serum T3 level on 
the prognosis of PD patients In addition, since observa
tional studies cannot assess whether elevated serum T3 
levels can improve the prognosis of patients, it still needs 
to be further confirmed in follow-up studies.

Conclusions
In summary, this study explored the correlation between 
baseline serum T3 levels and all-cause deaths and CVD 
deaths in PD patients, and the results showed that low 
serum T3 levels in PD patients were related to heart 
disease and TT4 levels. Low serum FT3 levels were asso
ciated with the risk of all-cause death in PD patients, and 
low serum T3 levels were not significantly associated with 
CVD death. Serum T3 levels could be helpful for clini
cians to predict the prognosis of PD patients. However, it 
needs to be confirmed by further prospective, observa
tional, multicenter, large-sample study.
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