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CLINICAL STUDY

Serum T3 Level Can Predict Cardiovascular Events and All-Cause
Mortality Rates in CKD Patients with Proteinuria

Jae Won Yang, Seung Tae Han, Shin Han Song, Min Keun Kim, Jae Seok Kim,
Seung Ok Choi and Byoung-Geun Han

Department of Nephrology, Wonju College of Medicine, Yonsei University, Wonju, Gangwon-do, South Korea

Abstract

Background: Patients with proteinuria frequently show changes in thyroid hormone levels. Serum T3 depression
predicts a negative outcome in chronic kidney disease (CKD) patients and may be associated with cardiovascular com-
plications or chronic inflammation. Few studies have explored the relationship between thyroid hormone dysregulation
and clinical outcome in patients with proteinuria. Methods: We reviewed thyroid function test results obtained from 211
patients with 24 h urinary protein excretion greater than 150 mg/day and found a correlation of thyroid hormone level
with cardiovascular events and mortality. Results: T3 decreased with age (p = 0.001) and 24 h urine albumin (p = 0.028).
Free T4 decreased in accordance with 24 h urine protein and serum creatinine (p = 0.034 and p = 0.033, respectively).
In the Kaplan–Meier survival analysis, lower cumulative survival, higher cardiovascular events, and mortality were found
in the low T3 group compared with the normal T3 group (p = 0.000, p = 0.013, and p = 0.001, respectively). In Cox
regression analysis, we observed that, with low T3, decreased sodium, and old age, the incidence of cardiovascular
complications (p = 0.000, p = 0.016, and p = 0.000, respectively), cardiovascular mortality (p = 0.000, p = 0.048,
and p = 0.001, respectively), and all-cause mortality (p = 0.000, p = 0.017, and p = 0.000, respectively) increased.
Conclusion: In CKD patients with proteinuria, low T3 concentration predicted all-cause mortality and cardiovascular
event independently of the severity of proteinuria.

Keywords: thyroid, proteinuria, renal failure, cardiovascular, mortality

INTRODUCTION

In patients with proteinuria, urinary losses of thy-
roid hormones and thyroid hormone-binding proteins
(THBPs) perturb circulating thyroid hormone levels.1

Secondary synthesis of thyroid-stimulating hormone
(TSH) increases markedly in nephrotic syndrome (NS);
however, the excretion of albumin and THBP reduces
the hormone-binding capacity and the actual concentra-
tions of T3 and T4 in the blood.1 In patients with renal
dysfunction, the conversion of T4 to T3 is especially
impaired, and thus, serum T3 decreases.2

Subclinical dysthyroidism is defined by a combina-
tion of normal serum thyroid hormone with increased
or decreased TSH. This condition presents a risk factor
for the development and progression of cardiovascular
complications.3 In contrast, sick euthyroid syndrome
(SES) is defined by hypothyroidism with the reduction
of T3 and free T4 (fT4) without any increase in TSH.
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The clinical significance of SES remains unclear, since it
occurs in patients with diverse conditions and diseases,
and the thyroid does not appear to be dysfunctional.4

In hemodialysis patients, free T3 (fT3) and IL-6 may
indicate prognosis, and changes in T3 levels may be
associated with cardiovascular complications or chronic
inflammation.5 Although patients with proteinuria fre-
quently show changes in thyroid hormone levels, the
relationships of these changes to cardiovascular compli-
cations and mortality are not known.

In this study, we discovered correlations between the
changes in thyroid hormone caused by proteinuria with
cardiovascular complications and mortality in patients
with chronic kidney disease (CKD) and proteinuria.

SUBJECTS AND METHODS

We recruited subjects for this study from among the
individuals who visited the nephrology department
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in our hospital from June 2006 to May 2009 with
proteinuria as their chief complaint. We selected 211
patients (114 males and 97 females) who had protein-
uria higher than 150 mg/day on 24 h urine test. This
was a retrospective study that drew information about
underlying diseases, hematology, serum biochemistry,
serum thyroid hormones (T3, fT4, and TSH), and 24 h
urine test from medical records. We evaluated the rela-
tionships among thyroid hormone levels, cardiovascular
complications, and mortality rates.

Blood cell counts were calculated from absorbance
using the ADVIA 2120 Hematology System (Siemens
Healthcare, Berlin, Germany). Thyroid hormones were
measured by direct chemiluminescence using the
ADVIA Centaur (Bayer, Tarrytown, NY, USA). Serum
protein, albumin, total cholesterol, triglycerides, blood
urea nitrogen (BUN), and creatinine were measured by
kinetic colorimetric assays using Roche-Hitachi Modu-
lar System (Roche Corporation, Basel, Switzerland).

Glomerular filtration rate (GFR) was calculated with
the modification of diet in renal disease (MDRD)
formula using serum creatinine. The low T3 group
included patients without previous thyroid disease in
whom serum T3 was less than 0.60 ng/mL and TSH
was in normal range (0.35–5.50 µIU/mL). The low fT4
group included patients without previous thyroid dis-
ease in whom the fT4 was less than 0.83 ng/dL and
TSH was in normal range (0.35–5.50 µIU/mL). Car-
diovascular complications composed of three categories,
including acute myocardial infarct, angina pectoris, and
congestive heart failure, were assessed. Cerebrovascu-
lar diseases, such as stroke and cerebral infarction, were
also assessed.

Patients were grouped in accordance with the pres-
ence or absence of nephrotic syndrome (NS), with
or without thyroid dysfunction. Death and survival
groups were compared using independent t-tests and
the χ2-test. Cumulative survival rates and cardiovas-
cular events were compared using the Kaplan–Meier
method. Factors predicting cardiovascular complica-
tions and mortality were identified by Cox regression
analysis. Calculations were performed using SPSS ver-
sion 12 (SPSS Inc., Chicago, IL, USA), and p-values
of less than 0.05 were considered to be statistically
significant.

RESULTS

Clinical Characteristics of the Study Group
The mean age of the 211 patients was 57.46 ± 15.40
years and 114 patients (54.0%) were male. In the total
study group, 121 patients (57.3%) had diabetes, 188
patients (89.1%) had hypertension, 75 patients (35.5%)
had NS, 33 patients (15.6%) had reduced T3 levels, and
32 (15.2%) had reduced fT4 levels. The cardiovascular
events that were found in 41 patients were classified as

acute myocardial infarct in 16 patients (7.6%), angina
pectoris in 13 patients (6.1%), and congestive heart
failure in 12 patients (5.6%).

Serologic Tests and 24 h Urine Tests
The average leukocyte count was 8117.06 ± 3211.03/L;
hemoglobin count was 10.13 ± 2.14 g/dL; and platelet
count was 257.43 ± 95.96 × 103/L. In serum electrolyte
tests, sodium was 139.45 ± 4.67 mmol/L; potassium
was 4.66 ± 4.08 mmol/L; BUN was 47.16 ± 25.78
mg/dL; creatinine was 4.15 ± 3.28 mg/dL; and the GFR
was 29.84 ± 29.69 mL/min. Serum total protein was
6.17 ± 0.99 g/dL; albumin was 3.31 ± 0.78 g/dL; total
cholesterol was 198.75 ± 109.04 mg/dL; triglycerides
were 167.87 ± 93.99 mg/dL; uric acid was 7.45 ± 2.40
mg/dL; and C-reactive protein (CRP) was 1.83 ± 3.50
mg/dL. In thyroid function tests, T3 was 0.93 ± 0.35
ng/mL; fT4 was 1.13 ± 0.34 ng/dL; and TSH was 1.85
± 1.40 µIU/mL. In the 24 h urine test, the total pro-
tein concentration was 3183.62 ± 2926.97 mg/day and
albumin was 2154.43 ± 2044.35 mg/day.

Underlying Diseases and Serologic Factors in Patients
Who Survived and Patients Who Died
The patients who died were significantly older than
those who survived (p = 0.000). The frequencies of dia-
betes, hypertension, NS, and other underlying diseases
did not differ between the two groups. As compared
with survivors, the patients who died showed higher
leukocyte counts (p = 0.028), lower hemoglobin counts
(p = 0.008), sodium (p = 0.003), total cholesterol
(p = 0.007), triglycerides (p = 0.000), T3 (p = 0.011),
and 24 h urinary albumin (p = 0.001) (Table 1).

Underlying Diseases and Serologic Factors in Patients
with and without Cardiovascular Events
The patients with cardiovascular events were sig-
nificantly older than those without cardiovascular
events (p = 0.001). The frequencies of diabetes,
hypertension, NS, and other underlying diseases did
not differ between the two groups. As compared
with patients without cardiovascular events, patients
with cardiovascular events showed lower sodium
(p = 0.011) and decreased GFR_MDRD (p = 0.011)
(Table 2).

Underlying Diseases and Serologic Factors in the
Normal and Low T3 Groups
The groups with normal and low T3 levels did not dif-
fer significantly in age and the frequencies of underlying
diseases, such as diabetes, hypertension, and NS. In
serologic tests, the low T3 group showed lower levels
of total protein (p = 0.041), albumin (p = 0.006), and
fT4 (p = 0.001), but leukocytes (p = 0.032) and 24 h

© 2012 Informa Healthcare USA, Inc.



366 J.W. Yang et al.

Table 1. Comparison of basal characteristics and study results between survival and death groups.

Variable
Survival group

(N = 135)
Death group

(N = 47) p-Value

Age (years) 53.40 ± 15.32a 67.04 ± 11.78 0.000
Sex (male) 76 (56.2%) 22 (46.8%) NS
Diabetes mellitus 72 (53.3%) 32 (68.0%) NS
Hypertension 118 (87.4%) 43 (91.4%) NS
Nephrotic syndrome 52 (38.5%) 15 (31.9%) NS
WBC (L−1) 7897.78 ± 3154.15 9917.33 ± 3851.17 0.028
Hemoglobin (g/dL) 10.18 ± 2.16 9.23 ± 1.88 0.008
Hematocrit (%) 29.73 ± 6.13 27.21 ± 5.64 0.015
Platelet (×1000 L−1) 253.64 ± 85.46 238.42 ± 108.76 NS
Sodium (mmol/L) 138.81 ± 4.67 136.38 ± 4.69 0.003
Potassium (mmol/L) 4.68 ± 3.86 4.38 ± 0.92 NS
Glucose (mg/dL) 134.92 ± 59.52 127.86 ± 58.07 NS
BUN (mg/dL) 51.12 ± 26.89 57.86 ± 25.03 NS
Creatinine (mg/dL) 5.07 ± 3.72 4.83 ± 2.71 NS
GFR_MDRD (mL/min) 25.06 ± 27.59 19.46 ± 21.01 NS
Protein (g/dL) 6.29 ± 1.00 6.10 ± 0.91 NS
Albumin (g/dL) 3.31 ± 0.75 3.18 ± 0.67 NS
Cholesterol (mg/dL) 195.90 ± 102.18 165.04 ± 47.44 0.007
Triglyceride (mg/dL) 177.93 ± 102.01 129.60 ± 62.37 0.000
CRP (mg/dL) 1.87 ± 3.17 3.49 ± 6.54 NS
Uric acid (mg/dL) 7.49 ± 2.17 7.47 ± 3.67 NS
T3 (ng/mL) 0.96 ± 0.29 0.83 ± 0.34 0.011
fT4 (ng/dL) 1.13 ± 0.29 1.09 ± 0.27 NS
TSH (µIU/mL) 2.91 ± 3.78 3.06 ± 4.72 NS
24 h urine protein (mg/day) 3304.22 ± 2893.47 2964.38 ± 2331.96 NS
24 h urine albumin (mg/day) 2185.63 ± 2066.90 1368.02 ± 1044.89 0.001
24 h urine albumin/creatinine 2.84 ± 2.58 3.11 ± 3.07 NS

Notes: WBC, white blood cell; BUN, blood urea nitrogen; GFR, glomerular filtration rate; MDRD, modification
of diet in renal disease; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; NS, nonsignificant; fT4,
free T4. Bold values signifies p-value < 0.05.
aMean ± SD.

Table 2. Comparison of basal characteristics and study results between normal and cardiovascular event groups.

Variable
No cardiovascular
event (N = 126)

Cardiovascular
event (N = 41) p-Value

Age (years) 53.20 ± 15.36a 62.49 ± 13.71 0.001
Sex (male) 75/134 12/24 NS
Diabetes mellitus 72/134 15/24 NS
Hypertension 117/133 23/24 NS
Nephrotic syndrome 52/134 8/24 NS
Hemoglobin (g/dL) 10.14 ± 2.13 9.89 ± 2.02 NS
Hematocrit (%) 29.63 ± 6.08 29.04 ± 5.95 NS
Platelet (×1000 L−1) 253.72 ± 82.93 236.64 ± 107.18 NS
Sodium (mmol/L) 138.88 ± 4.78 136.64 ± 3.68 0.011
Potassium (mmol/L) 4.75 ± 3.99 4.21 ± 0.90 NS
BUN (mg/dL) 51.94 ± 27.69 52.16 ± 21.68 NS
Creatinine (mg/dL) 5.25 ± 3.82 4.60 ± 2.32 NS
GFR_MDRD (mL/min) 25.00 ± 28.42 16.69 ± 12.62 0.011
Protein (g/dL) 6.26 ± 1.00 6.38 ± 0.92 NS
Albumin (g/dL) 3.30 ± 0.75 3.40 ± 0.65 NS
Cholesterol (mg/dL) 194.55 ± 105.31 183.07 ± 48.25 NS
Triglyceride (mg/dL) 173.62 ± 100.92 158.28 ± 87.36 NS
CRP (mg/dL) 1.77 ± 3.05 2.79 ± 3.69 NS
T3 (ng/mL) 0.95 ± 0.30 0.92 ± 0.31 NS
fT4 (ng/dL) 1.14 ± 0.29 1.07 ± 0.28 NS
TSH (µIU/mL) 2.76 ± 3.81 3.31 ± 3.55 NS
24 h urine protein (mg/day) 3310.66 ± 2882.69 3117.34 ± 2436.73 NS
24 h urine albumin (mg/day) 2170.27 ± 2071.24 1741.20 ± 1486.46 NS
24 h urine albumin/creatinine 2.80 ± 2.52 3.47 ± 3.40 NS

Notes: WBC, white blood cell; BUN, blood urea nitrogen; GFR, glomerular filtration rate; MDRD, modification
of diet in renal disease; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; NS, nonsignificant; fT4,
free T4. Bold values signifies p-value < 0.05.
aMean ± SD.
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Table 3. Comparison of basal characteristics and study results between normal and low T3 groups.

Variable
Normal T3 group

(N = 178)
Low T3 group

(N = 33) p-Value

Age (years) 56.58 ± 15.10a 62.21 ± 16.37 NS
Sex (male) 95 (53.3%) 19 (57.5%) NS
Diabetes mellitus 104 (58.4%) 17 (51.5%) NS
Hypertension 161 (90.4%) 27 (81.8%) NS
Nephrotic syndrome 65 (36.5%) 10 (30.3%) NS
WBC (L−1) 7764.29 ± 3004.43 10,145.00 ± 3896.26 0.032
Hemoglobin (g/dL) 10.06 ± 2.07 9.29 ± 1.87 NS
Hematocrit (%) 29.45 ± 5.99 27.55 ± 5.74 NS
Platelet (×1000 L−1) 249.62 ± 90.37 225.34 ± 85.73 NS
Sodium (mmol/L) 138.13 ± 4.77 138.06 ± 4.13 NS
Potassium (mmol/L) 4.71 ± 3.39 4.13 ± 0.84 NS
Glucose (mg/dL) 128.80 ± 56.82 139.56 ± 65.14 NS
BUN (mg/dL) 51.02 ± 26.76 60.51 ± 26.92 NS
Creatinine (mg/dL) 4.89 ± 3.56 5.56 ± 3.04 NS
GFR_MDRD (mL/min) 24.08 ± 25.91 16.44 ± 19.17 NS
Protein (g/dL) 6.26 ± 0.93 5.88 ± 1.03 0.041
Albumin (g/dL) 3.32 ± 0.71 2.95 ± 0.70 0.006
Cholesterol (mg/dL) 187.77 ± 76.44 185.50 ± 136.33 NS
Triglyceride (mg/dL) 163.84 ± 93.48 145.12 ± 87.40 NS
CRP (mg/dL) 2.20 ± 4.19 2.35 ± 4.14 NS
Uric acid (mg/dL) 7.47 ± 2.31 7.47 ± 3.24 NS
fT4 (ng/dL) 1.18 ± 0.45 0.90 ± 0.26 0.001
TSH (µIU/mL) 2.88 ± 3.99 4.07 ± 7.03 NS
24 h urine protein (mg/day) 3105.32 ± 2674.22 3117.31 ± 2798.10 NS
24 h urine albumin (mg/day) 1994.93 ± 1883.84 1595.26 ± 1650.32 NS
24 h urine albumin/creatinine 2.79 ± 2.49 3.58 ± 3.57 0.019

Notes: WBC, white blood cell; BUN, blood urea nitrogen; GFR, glomerular filtration rate; MDRD, modification
of diet in renal disease; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; NS, nonsignificant; fT4,
free T4. Bold values signifies p-value < 0.05.
aMean ± SD.

urine albumin/creatinine (p = 0.0193) were elevated
(Table 3).

Linear Regression Analysis of Factors in Thyroid
Hormone Dysregulation
In linear regression analysis, T3 decreased with age
(p = 0.001) and 24 h urine albumin (p = 0.028),
and these effects were not influenced by the sever-
ity of serum creatinine. fT4 decreased in accordance
with 24 h urine protein and serum creatinine (p = 0.034
and p = 0.033, respectively) and was not influenced by
age. TSH did not change in accordance with protein-
uria, age, and serum creatinine (Figure 1).

Analysis of Causes of Death and Kaplan–Meier Survival
Curves
During the observation period, 47 of the 211 patients
died. Twenty-three patients (48.9%) died from cardio-
vascular events, 18 patients (38.3%) from infection, 2
patients (0.8%) from cerebrovascular complications, 2
patients from neoplasm (4.3%), and 2 patients from
sudden death (4.3%) (Figure 2).

Based on the Kaplan–Meier method, lower cumula-
tive survival, higher cardiovascular events, and mortality
were found in the low T3 group compared with the nor-
mal T3 group (p = 0.000, p = 0.013, and p = 0.001,
respectively) (Figure 3).

Cox Regression Analysis of Factors in Cardiovascular
Complications and Mortality
In the Cox regression analysis, sodium, total choles-
terol, hematocrit, age, low T3, 24 h urine albumin,
GFR_MDRD, sex, diabetes, and hypertension affect
all-cause mortality, cardiovascular event, and mortal-
ity. We observed that with low T3, decreased sodium,
and old age, the incidence of cardiovascular complica-
tions (p = 0.000, p = 0.016, and p = 0.000, respec-
tively), cardiovascular mortality (p = 0.000, p = 0.048,
and p = 0.001, respectively), and all-cause mortality
(p = 0.000, p = 0.017, and p = 0.000, respectively)
increased (Tables 4–6).

The Receiver Operating Characteristic Curve of Serum
T3 Concentration and Mortality
From the receiver operating characteristic (ROC) anal-
ysis of serum T3 and mortality, the area under the curve
was found to be 0.571. Previously, the normal range of
T3 was considered to be 0.60–1.81 ng/mL; however, in
these patients with proteinuria, serum T3 lower than
0.855 ng/mL predicted mortality with 61.7% sensitivity
and 63.0% specificity (Figure 4).

DISCUSSION

Kidney disease and thyroid dysfunction show a close
and consistent relationship. With persistent thyroid

© 2012 Informa Healthcare USA, Inc.
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dysfunction, serum creatinine increases, while GFR,
renal blood flow, salt reabsorption, and urine dilu-
tion ability decline.2 In patients with renal fail-
ure, hyperthyroidism promotes glomerulosclerosis, pro-
teinuria, and renal function decline through oxida-
tive stress. In hypothyroidism, on the other hand,

glomerular and tubular dysfunction tends to delay renal
deterioration.2

Kidney diseases may conversely compromise thyroid
function. In CKD, dysregulation of the hypothalamus–
pituitary–thyroid axis decreases T3 and T4 levels and
increases TSH.6 The progression of thyroid dysfunction
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Figure 3. Kaplan–Meier survival curve during 36 months. (A) Cumulative survival rate (p = 0.000). (B) Cardiovascular event (p = 0.013).
(C) Cardiovascular mortality (p = 0.001).

depends on the GFR, with a critical value at approxi-
mately 64 mL/min/1.73 m2, according to the MDRD
formula.7 At this GFR or lower, uremia specifically
impairs the conversion of T4 to T3. The reduction of
T3 is reported to be associated with increased mortality
in uremic patients, although the clinical significance of

this is not clear.8 The mechanism of T3 suppression
in uremia may involve sustained malnutrition, chronic
inflammatory reaction, and vascular injury.9

In NS, urinary albumin excretion exceeds the capac-
ity of albumin synthesis in the liver to maintain osmolal-
ity. This leads to thyroid hormone decline and THBP;

© 2012 Informa Healthcare USA, Inc.
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Table 4. Cox regression analysis of factors affecting cardiovascular events and GFR_MDRD.

95% CI

β SE p-Value Exp(B)
Lower
limit

Upper
limit

Sodium −0.120 0.050 0.016 0.887 0.804 0.978
Total cholesterol −0.002 0.004 0.551 0.998 0.990 1.006
Hematocrit 0.056 0.047 0.242 1.057 0.963 1.160
Age 0.098 0.027 0.000 1.103 1.046 1.163
Low T3 2.364 0.692 0.001 10.633 2.742 41.239
24 h urine albumin 0.000 0.000 0.837 1.000 1.000 1.000
GFR_MDRD −0.005 0.018 0.797 0.995 0.961 1.031
Sex −0.875 0.513 0.088 0.417 0.153 1.138
Diabetes −0.247 0.544 0.650 0.781 0.269 2.270
Hypertension 1.509 1.199 0.208 4.524 0.432 47.410

Notes: GFR, glomerular filtration rate; MDRD, modification of diet in renal disease; SE, standard
error; CI, confidence interval; Exp(B), relative hazards. Bold values signifies p-value < 0.05.

Table 5. Cox regression analysis of factors affecting cardiovascular mortality.

95% CI

β SE p-Value Exp(B)
Lower
limit

Upper
limit

Sodium −0.071 0.036 0.048 0.931 0.867 0.999
Total cholesterol 0.001 0.003 0.759 1.001 0.996 1.006
Hematocrit 0.033 0.033 0.311 1.034 0.970 1.102
Age 0.051 0.016 0.001 1.052 1.020 1.085
Low T3 1.916 0.543 0.000 6.794 2.342 19.712
24 h urine albumin 0.000 0.000 0.429 1.000 1.000 1.000
GFR_MDRD −0.004 0.012 0.701 0.996 0.973 1.018
Sex −0.119 0.369 0.748 0.888 0.431 1.829
Diabetes 0.125 0.395 0.752 1.133 0.522 2.458
Hypertension 1.720 1.114 0.123 5.585 0.629 49.603

Notes: GFR, glomerular filtration rate; MDRD, modification of diet in renal disease; SE, standard
error; CI, confidence interval; Exp(B), relative hazards. Bold values signifies p-value < 0.05.

Table 6. Cox regression analysis of factors affecting all-cause mortality.

95% CI

β SE p-Value Exp(B)
Lower
limit

Upper
limit

Sodium −0.081 0.034 0.017 0.922 0.863 0.986
Total cholesterol −0.005 0.004 0.209 0.995 0.988 1.003
Hematocrit −0.009 0.035 0.800 0.991 0.925 1.062
Age 0.077 0.019 0.000 1.080 1.041 1.120
Low T3 1.952 0.465 0.000 7.042 2.832 17.514
24 h urine albumin 0.000 0.000 0.333 1.000 1.000 1.000
GFR_MDRD 0.012 0.008 0.143 1.012 0.996 1.028
Sex −0.891 0.383 0.020 0.410 0.194 0.869
Diabetes −0.111 0.408 0.786 0.895 0.402 1.992
Hypertension 0.780 0.690 0.258 2.182 0.564 8.434

Notes: GFR, glomerular filtration rate; MDRD, modification of diet in renal disease; SE, standard
error; CI, confidence interval; Exp(B), relative hazards. Bold values signifies p-value < 0.05.

however, a compensatory increase in TSH maintains
serum thyroid hormone concentration, so that the
actual incidence of hypothyroidism is as low as 1%.1,2

One study reported significantly lower T3 and T4 lev-
els and significantly higher TSH in pediatric patients
with NS, as compared with a control group. These find-
ings are consistent with the loss of thyroid hormone
and its binding protein in urine.10 In this study, T3
was positively correlated with serum albumin and neg-
atively correlated with age; however, it did not change

in accordance with serum creatinine. fT4 was primar-
ily influenced by renal function; however, the severity
of proteinuria did not change in accordance with age.
TSH did not show the change in accordance with age,
proteinuria, and renal function (Figure 1). This find-
ing may stem from complex phenomena associated with
the impaired conversion of T4 to T3 that results from
decreasing renal function.

Subclinical hypothyroidism, defined by normal thy-
roid hormone values with elevated TSH, may be a
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Figure 4. The receiver operating characteristic (ROC) curve of T3 and all-cause mortality (T3 = 0.855; sensitivity, 61.7%; specificity,
63.0%).

risk factor for mortality and a prognostic factor for
cardiovascular disease.11–13 In a study of 66,260 sub-
jects drawn from the general population, the waist–
hip ratios of hypothyroid patients were higher than
those of controls. Thus, hypothyroidism may be related
to obesity. Among patients with subclinical hypothy-
roidism, atherosclerosis risk factors, such as high total
cholesterol and low-density lipoprotein, occurred more
frequently than in the control group.14 Abnormal lipid
metabolism is closely related to increased levels of TSH,
and the progression of subclinical hypothyroidism to
actual hypothyroidism may accelerate atherosclerosis,
which, in turn, increases the risk for cardiovascular
complications.15

Hypothyroidism, cardiovascular complications, and
mortality may be similarly interrelated in renal failure.
Zoccali et al.5 reported a statistically significant nega-
tive correlation of serum T3 with mortality, determined
from the survival curve of 200 patients who under-
went hemodialysis. In that study, an increase in serum
T3 concentration of 1 pg/mL corresponded to a 50%
reduction in mortality in accordance with the hazard
ratio. Thus, serum T3 may potently predict clinical out-
come. In peritoneal dialysis patients, thyroid hormone
levels correlated positively with serum albumin concen-
tration and negatively with IL-6 and CRP, markers of
chronic inflammatory response. The predictive power
of serum T3 for mortality may be independent of tra-
ditional risk factors.9,16 A study with 187 pre-dialysis
patients reported an inverse correlation of T3 and fT3
with all chronic inflammation markers (IL-6, hs-CRP,
and VCAM-1), and using the ROC curve analysis, it
was found that T3 was a stronger prognostic factor for

mortality than fT3.17 In our study, the low T3 group
experienced higher frequencies of cardiovascular events
and mortality than normal T3 group (Figure 3). Age may
interact with serum T3 concentration and other factors
in predicting the development of cardiovascular disease.

SES occurs with chronic diseases, such as chronic
obstructive lung disease, diabetic ketoacidosis, ischemic
heart disease, cancer, and renal failure.4 In CKD, a sys-
temic inflammatory condition, IL-6 participates in the
IL-1-mediated suppression of thyroid function.18 In a
study on CKD patients, including dialysis patients, low
T3 correlated with chronic inflammation and predicted
mortality.17,19 In our study, T3 predicted mortality and
cardiovascular complications more reliably than fT4.
Thus we suggest that T3 has greater clinical relevance
than the subclinical hypothyroidism that results from
impaired fT4 to T3 conversion in uremia.

Although the mechanism of subclinical hypothy-
roidism (SES) is not completely understood, it includes
an elevation in type 3 deiodinase and a reduction in type
1, which result in T3 suppression, as well as an increase
in type 2, which impairs the compensatory increase
in TSH.20,21 In patients with SES, administration of
thyroid hormone (levothyroxine) does not resolve car-
diovascular risk factors or complications.22–24 Völzke et
al.25 discuss the difficulties in linking hypothyroidism or
hyperthyroidism to mechanisms of mortality in terms
of confounding parameters and selection biases. The
results of our study did not further clarify the mech-
anism of SES, although SES predicted mortality from
cardiovascular complications.

In our study, the patients who survived had higher
total cholesterol and triglyceride levels than patients
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who died and higher amounts of total protein and albu-
min in 24 h urine (Table 1). This stands in contrast
to the observation that protein loss in patients who die
with metabolic syndrome or proteinuria is higher than
those who survived in the general population. This rela-
tionship may stem from the chronic malnutrition and
inflammation observed in CKD patients. So, kidney
function should be considered in the analysis of such
factors.

In this study, we explored the interrelationship
between proteinuria and thyroid function. We found
that among patients with kidney disease and protein-
uria, serum T3 concentration predicts cardiovascular
complications, as well as mortality, and that this asso-
ciation is independent of the amount of proteinuria.
The strength of this correlation justifies further study
to reveal the underlying mechanisms and their clinical
relevance.

Declaration of interest: The authors report no con-
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