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A2 g R U

1Fo) o) gr Algdi el 20060 6€FH 20099 5€7A] EaE
2 9s Sel A aui Fele) met 2447 AW 4 150 mg/day ol
ge) el BE 1194 (fA 661, ol 54W) Ao ATk FFHQ

A Fa} 7|2e ugon P vk

Aduk el AA= ADVIA 2120 Hematology System  (Siemens Healthcare,
Germany) & °]&3% F3EE T AXFE Astsda, #Helx] Aee 3
o Mx FHE SASAT. @Y 223 HAA= ADVIA Centaur (Bayer,
Tarrytown, USA)E o|&ste] 25 e odds] (Direct chemiluminescence)

o= T3, free T4, TSHE =A%t}
(2) &= 2 42w A HdAa)
A s}st HAAE Modular Y] (Hitachi High—Technologies Corporation, Tokyo,

Japan)E o]&35te] H98 v B9 (Kinetic colorimetric assay) 22 &3 F

A drn FZHaHE FAAAY, BUN, creatinine 52 5439



(3) AbHAl o shEe] 54

AR A3ES "4 creatinines  ©]8%F Modification of Diet in Renal
Disease (MDRD) &4& &3l 4&=31%

MDRD F4-& o]&3t AbFA] of Ih&

= 186 x [(serum creatinine (mg/dL)] - 1.154x[age (years)] - 0.203
(if female x 0.742)

T3 #ave &4 T3 #Xx7F 060 ng/mL | vte]s TSH7F 550 plU/mL ©]3}9]
WA AR Asle] gl A2 AYSA A, free T4 ZATL free T47F 0.83
ng/dL w]wko]31 TSHE 550 plU/mL ol3bH A g4 Asleo]l gl 492 F9

AR FUEe FAALAAS, BLEAAY, A4, U4 A¥Ae =
g1, MR FEEL 15, 940 =AY

6) 5A Az

AFET AN, A 715ATE FF, A o] weh ERehe] BPEE T
AR NSk AdwA G35 9 AREd 9Ee mAE AR s

o= 378 A8, AP ES Kaplan-Meier W3S 535t 734 A£48

S nastdrl. EA+= SPSS version 125 AM&SYIL, p gho]l 0.056 mEd o



A3d A

LoAA e AFEASH A8

g g 11999 HaARF L 5679 = 1657A2 Fxb= 661 (54.6%), AA=
547 (45.4%)°]Att. ol& T Fxrgol A= kA= 609 (50.4%), ALE U2 10018
(84.0%), AEFa2 474 (39.5%), T3 #awrd 169 (13.3%), free T4 4w
1499 (11.7%)°] A (Table 1).

flo

2. A WgARe dA s HAF B 2447 2% AAL 23}

AA #Ape] 71& " dAF A et 8117.06 + 3,211.03 /L, @44 1013 +
214 g/dL, @ad 25743 + 9596 x 10YLolet. @4 Asfd AAE= UHEF
139.45 = 467 mmol/L., Z¥F 466 + 408 mmol/L, BUN 47.16 + 2578 mg/dL,
creatinine 4.15 * 3.28 mg/dl,, GFR-MDRD &2lo] 93t Al A#3&S 2084 +
29.69 ml/minc] %1, &4 A a4 617 £ 099 g/dl, &7 331
+ 078 g/dl, FZH2HE 19875 = 109.04 mg/dl, F4AW 16787 £ 93.99
mg/dL, 84F 745 + 240 mg/dL, CRP 1.83 + 350 mg/dLolit}. g 22+
AAbell A T3% 0.93+£0.35 (3a1#]: 0.60-1.81) ng/mL, free T4+ 1.13 £ 0.34
(xA]: 0.83-1.76) ng/dL , TSH+ 1.85 = 1.40 (3+xA]: 0.35-5.50) plU/mL
olth. 2471 7F Aol A @yl 318362 + 292697 mg/day©]$laL o]F IH-wl
2 215443 + 2,044.35 mg/day°] 21t} (Table 2).



Table 1. Epidemiologic data of total patients.

Variable Subjects(N=119)
Age (year) 56.79 + 1657
Sex (male) 65 (54.6%)

Diabetes mellitus
Hypertension
Nephrotic syndrome
Low T3 group
Low free T4 group

60 (50.4%)
100 (84.0%)
47 (39.5%)
16 (13.3%)
14 (11.7%)

* meantSD

Table 2. Serologic tests of total patients.

Variable Subjects (N=119)
WBC (/L) 8117.06 + 321103
Hemoglobin (g/dL) 1013 £ 2.14
Hematocrit (%) 2954 + 6.14
Platelet (x1,000/L) 25743 £ 95.96
Sodium (mmol/L) 13945 + 467
Potassium (mmol/L) 466 + 4.08
Glucose (mg/dL) 130.11 £+ 5832
BUN (mg/dL) 47.16 + 25.78
Creatinine (mg/dL) 415 + 3.28
GFR_MDRD (ml/min) 29.84 + 29.69
Protein (g/dL) 6.17 £ 0.99
Albumin (g/dL) 3.31 + 0.78

Cholesterol (mg/dL)
Triglyceride (mg/dL)

198.75 + 109.04
167.87 £ 93.99

Uric acid (mg/dL) 745 + 2.40
CRP (mg/dL) 1.83 + 3.50
T3 (ng/mL) 093 + 0.35
Free T4 (ng/dL) 1.13 + 0.34
TSH (uIU/mL) 185 + 140
24hr urine protein (mg/day) 3,183.62 £ 2,926.97
24hr urine albumin (mg/day) 2,154.43 £ 2,044.35
24hr urine albumin/creatinine 298 + 2.86

* meantSD
Abbreviations: 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.
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(p=0.021), &4 (p=0.008), AFT-Al o3& (p=0.005), €4 @NA (p=0.013), &
F1 (p=0.007) H free T4 (p=0.000)0¢ 7zt i, wE At (p=0.032)9 BUN
(p=0.003)¢] F7}5 Rt} (Table 3).

B>
ull
T
2

4. Free T4 A’373} free T4 7A277F 7| A3 A AsE4 AA v

7|AAZ F ™S AF #Zpolrt gl ot free T4 Aol w3l free T4 7
Aol o) WEE vha (p=0.044) AFFde] HEE =99 (p=0.002). 34
&2 Aol M free T4 Aol B8 free T4 ZFAwto] BUN (p=0.043), 2477t
29 d 99 (p=0.044) 2 IFU p=0.004) #MEe] F7tE HAI AFA A&
(p=0.000), &4 L#7 (p=0.019), T3 (P=0.001)2] 45 Bt (Table 4).



Table 3. Comparison of basal characteristics and serologic tests between

normal and low T3 group.

Variable Normal T3 Low T3 D

group (N=103) group (N=16) value
Age (year) 55.33 £ 15.68" 65.00 £ 19.40 NS
Sex (male) 57 (56.4%) 8 (44.4%) NS
Diabetes mellitus 53 (562.5%) 7 (38.9%) NS
Hypertension 87 (86.1%) 13 (72.2%) NS
Nephrotic syndrome 39 (38.6%) 8 (44.4%) NS
WBC (/L) 7,764.29 £ 3,004.43 10,145.00 £ 3,896.26 0.032
Hemoglobin (g/dL) 10.27 £ 1.98 9.03 £ 1.74 0.021
Hematocrit (%) 29.88 £ 5.75 26.70 £ 5.37 0.042
Platelet(x1,000/L) 269.31 £ 95,51 200.19 £ 85.93 0.008
Sodium (mmol/L) 139.75 £ 4.88 139.256 £ 4.17 NS
Potassium (mmol/L) 4.34 £ 0.82 4.06 £ 0.79 NS
Glucose (mg/dL) 128.80 £ 56.82 139.56 £ 65.14 NS
BUN (mg/dL) 45.07 £ 26.03 65.65 £ 20.63 0.003
Creatinine (mg/dL) 4.07 + 3.36 4.93 £ 2.94 NS
GFR_MDRD (ml/min) 30.78 £ 29.80 17.12 £ 13.42 0.005
Protein (g/dL) 6.33 £ 0.99 5.70 £ 0.88 0.013
Albumin (g/dL) 3.45 £ 0.73 2.91 £ 0.67 0.007
Cholesterol (mg/dL) 191.43 £ 84.60 158.81 = 80.81 NS
Triglyceride (mg/dL) 165.67 £ 90.54 128.00 £ 74.10 NS
CRP (mg/dL) 1.42 = 2.47 4.43 + 6.83 NS
Uric acid (mg/dL) 7.47 £ 2.31 7.47 £ 3.24 NS
T3 (ng/mL) 1.03 = 0.32 0.44 = 0.11 0.000
Free T4 (ng/dL) 1.21 £ 0.35 0.84 £ 0.17 0.000
TSH (uIU/mL) 1.86 = 1.40 1.80 £ 1.40 NS
24hr urine protein (mg/day) 2,935.17 £ 2,780.11 3,191.90 £ 2,931.46 NS
24hr urine albumin (mg/day) 1,988.62 £ 1,921.42 1,915.04 + 1,733.47 NS
24hr urine albumin/creatinine 2.61 £ 2.56 3.87 £ 3.92 NS
* meantSD

Abbreviations: 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, non-significant



Table 4. Comparison of basal characteristics and serologic tests between

normal and low free T4 group.

Variable Normal T4 Low free T4 D
group (N=105) group (N=14) value
Age (year) 56.70 + 16.59" 61.14 + 16.84 NS
Sex (male) 53 (56%) 6 (42%) NS
Diabetes mellitus 53 (56%) 4 (28%) 0.044
Hypertension 81 (87%) 14 (78.5%) NS
Nephrotic syndrome 28 (30.1%) 10 (76.9%) 0.002
WBC (/L) 8,139.35 £ 3,371.11 7,993.57 £ 2,344.37 NS
Hemoglobin (g/dL) 10.13 £ 2.08 9.81 = 1.22 NS
Hematocrit (%) 29.44 = 6.08 29.15 £ 3.35 NS
Platelet (x1,000/L) 261.87 £ 93.85 239.71 £ 117.84 NS
Sodium (mmol/L) 139.63 £ 4.85 139.93 £ 4.30 NS
Potassium (mmol/L) 4.26 £ 0.82 459 £ 0.79 NS
Glucose (mg/dL) 133.13 £ 58.57 112.64 £ 52.07 NS
BUN (mg/dL) 46.16 = 26.43 61.34 £ 21.59 0.043
Creatinine (mg/dL) 4.04 £ 3.39 5.25 £ 251 NS
GFR_MDRD (ml/min) 31.00 £ 29.56 13.71 £ 9.40 0.000
Protein (g/dL) 6.29 £ 0.93 5.92 £ 0.99 NS
Albumin (g/dL) 3.43 £ 0.69 2.94 £ 0.93 0.019
Cholesterol (mg/dL) 185.39 £ 80.04 194.28 £ 113.09 NS
Triglyceride (mg/dL) 160.45 £ 87.57 157.28 £ 101.45 NS
CRP (mg/dL) 1.82 £ 3.37 2.44 £ 5.39 NS
Uric acid (mg/dL) 7.45 £ 2.48 7.65 + 2.38 NS
T3 (ng/mL) 0.98 £ 0.36 0.65 = 0.25 0.001
Free T4 (ng/dL) 1.22 + 0.33 0.72 + 0.10 0.000
TSH (uIU/mL) 1.77 £ 1.34 238 £ 1.68 NS
24hr urine protein (mg/day) 2,634.99 + 2,338.10 5,378.84 £ 4,358.52 0.044
24hr urine albumin (mg/day) 1,781.23 £ 1,613.43 3,387.80 £ 2,965.02 0.004
24hr urine albumin/creatinine 2.50 £ 2.34 4.74 £ 4.54 NS

* meantSD
Abbreviations: 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, non-significant
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Table 5. Comparison of basal characteristics and serologic tests between

subnephrotic and nephrotic proteinuria group.

Variable Sub-—ne-phrotic I\-IepITrotic D
proteinuria (N=72) proteinuria (N=47) value
Age (year) 59.24 + 15.52° 52.85 £ 17.61 0.04
Sex (male) 41 (57.7%) 24 (51.1%) NS
Diabetes mellitus 36 (560.7%) 24 (51.1%) NS
Hypertension 63 (88.7%) 36 (76.6%) NS
WBC (/L) 8,364.93 £ 3,696.95 7,713.62 £ 2,312.89 NS
Hemoglobin (g/dL) 9.91 £ 1.94 1047 £ 2.41 NS
Hematocrit (%) 28.96 £ 5.79 30.39 £ 6.66 NS
Platelet (x1,000) 261.20 £ 88.12 255.55 £ 105.25 NS
Sodium (mmol/L) 139.89 £ 004.79 138.89 + 004.47 NS
Potassium (mmol/L) 4.32 £ 0.83 5.18 £ 6.42 NS
Glucose (mg/dL) 124.70 £ 51.31 134.85 = 064.02 NS
BUN (mg/dL) 49.18 £ 27.05 43.94 £ 23.94 NS
Creatinine (mg/dL) 4.39 = 3.54 3.80 = 2.88 NS
GFR_MDRD (ml/min) 28.29 = 29.40 32.57 £ 30.43 NS
Protein (g/dL) 6.48 £ 0.87 5.70 £ 0.99 0.000
Albumin (g/dL) 3.60 £ 0.56 2.88 £ 0.85 0.000
Cholesterol (mg/dL) 175.09 £ 78.80 237.39 £ 136.50 0.007
Triglyceride (mg/dL) 156.74 £ 91.39 186.84 £ 96.23 NS
CRP (mg/dL) 2.04 £ 3.61 1.07 £ 1.86 NS
Uric acid (mg/dL) 7.72 + 2.67 7.14 £ 1.80 NS
T3 (ng/mL) 0.91 £ 0.28 0.97 £ 0.43 NS
Free T4 (ng/dL) 1.19 = 0.30 1.05 = 0.40 0.028
TSH (uIU/mL) 1.62 £ 1.55 498 = 7.23 0.003
24hr urine protein (mg/day) 1,483.29 £ 1,113.58 5,752.21 + 2,949.56 0.000
24hr urine albumin (mg/day) 992.13 + 823.81 3,910.24 + 2,088.63 0.000
24hr urine albumin/creatinine 1.35 £ 1.34 5.36 £ 2.85 0.000

* meantSD

Abbreviations: 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, non-significant
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Table 6. Comparison of basal characteristics and serologic tests between

survival and death group.

Variable Survival group Death group D
(N=90) (N=15) value
Age (year) 53.88 + 16.06" 73.3 + 9.36 0.000
Sex (male) 54 (60.0%) 5 (33.3%) NS
Diabetes mellitus 47 (52.2%) 9 (60.0%) NS
Hypertension 75 (83.3%) 14 (93.3%) NS
Nephrotic syndrome 38 (42.2%) 3 (21.4%) NS
WBC (/L) 7,897.78 £ 3,154.15 9,917.33 £ 3,851.17 0.028
Hemoglobin (g/dL) 10.45 £ 2.11 8.72 £ 2.01 0.004
Hematocrit (%) 3042 £ 5.95 5.66 £ 6.24 0.005
Platelet (x1,000/L) 270.95 £ 88.24 242.67 £ 130.90 NS
Sodium (mmol/L) 139.86 £ 3.72 139.73 =  3.05 NS
Potassium (mmol/L) 4.35 £ 0.80 4.09 £ 0.84 NS
Glucose (mg/dL) 134.92 £ 59.52 127.86 = 58.07 NS
BUN (mg/dL) 45.90 £ 25.71 58.84 = 26.59 NS
Creatinine (mg/dL) 4.26 £ 3.42 3.88 £ 2.45 NS
GFR_MDRD (ml/min) 30.32 = 30.62 26.93 = 31.18 NS
Protein (g/dL) 6.30 £ 0.98 6.00 £ 0.79 NS
Albumin (g/dL) 3.42 £ 0.76 3.14 £ 0.61 NS
Cholesterol (mg/dL) 208.52 + 117.35 142.73 £ 52.84 0.036
Triglyceride (mg/dL) 173.71 £ 90.80 123.53 = 61.66 0.042
CRP (mg/dL) 1.35 £ 2.40 5.33 £ 7.37 NS
Uric acid (mg/dL) 7.49 £ 2.17 7.47 £ 3.67 NS
T3 (ng/mL) 0.98 £ 0.34 0.63 £ 0.30 0.000
Free T4 (ng/dL) 1.15 £ 0.35 1.11 £ 0.37 NS
TSH (uIU/mL) 3.27 £ 5.58 1.62 £ 1.15 NS
24hr urine protein (mg/day) 3,271.42 £ 3,083.17 1,870.98 £ 1,251.02 0.004
24hr urine albumin (mg/day) 2,253.47 £ 2,187.79 1,132.67 = 773.70 0.001
24hr urine albumin/creatinine 3.00 £ 2.94 2.73 £ 2.36 NS

* mean+SD
Abbreviations: 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, non-significant
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Table 7. Subgroup analysis of clinical outcomes.

Dialysis Cardiovascular Cerebrovascular X
. . Mortality
mitiation events events
Normal 31 (30.7%) 11 (10.9%) 1(1%) 4 (4%)
T3
Low 8 (44.4%) 3 (16.7%) 3 (16.7%) 3 (16.7%)
Normal 25 (27.1%) 10 (10.7%) 2 (2.1%) 13 (15.4%)
Free T4 ‘
Low 10 (71.4%) 3 (21.4%) 2 (14.2%) 2 (18.1%)
Subnephrotic 19 (26.8%) 7 (9.9%) 2 (2.8%) 5 (7%)
Proteinuria
Nephrotic 19 (40.4%) 6 (12.8%) 1 (2.1%) 1 (2.1%)
Survival 29 (32.5%) 8 (8.8%) 1 (1.1%)
Mortality .
Death 4 (26.6%) 6 (40.0%) 2 (13.3%)

* p=0.009, * p=0.003, ¥ p=0.000, § p=0.002 compared with normal group, 1 p=0.005

survival group.
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Figure 1. Linear regression analysis of age, renal function, proteinuria affecting
serum thyroid hormone level (A. serum T3 level and age, B. serum T3 level
and GFR, C. serum free T4 and GFR, D. serum TSH (thyroid stimulating

hormone) level and 24hr proteinuria amount). GFR, glomerular filtration rate.
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Table 8. Multiple regression analysis of factors affecting mortality rate.

C.L 95%
Variables B S.E. p value Exp(B) Lower Upper
limit limit
Age 0.071 0.037 0.058 1.073 0.998 1.155
WBC 0.000 0.000 0.596 1.000 1.000 1.000
Hematocrit -0.119 | 0.092 0.195 0.888 0.742 1.063
Total cholesterol -0.009 | 0.011 0.414 0.991 0.970 1.013
Triglyceride 0.000 0.007 0.961 1.000 0.986 1.015
73 —4.160 | 1.946 0.033 0.016 0.000 0.707
24hr urine albumin 0.000 0.000 0.321 1.000 0.999 1.000
Cardiovascular events 2.396 1.162 0.039 10.984 1.126 107.144
constant 0.849 3.782 0.822 2.338

WBC, white blood cell; S.E., standard error; Exp(B), exponential B; C.I., confidential interval ;

BUN, blood urea nitrogen
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Figure 2. Causes of death of total patients.
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Figure 4. ROC (Receiver operating characteristic) curve of mortality and serum

T3 level (serum T3 level 0.795 ng/mL: sensitivity 72.2 %, specificity 86.7 %).
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ABSTRACT

Effects of thyroid dysfunction on cardiovascular events

and mortality rates in patients with proteinuria

Seung Tae, Han
Dept. of Medicine
The Graduate School

Yonsei University

The alteration of thyroid hormone shown in patients with proteinuria is a
common feature, and it is induced generally by the loss of thyroid hormone
and thyroid hormone binding protein in the urine. Sick euthyroid syndrome
(SES) is defined as thyroid dysfunction with the reduction of T3 and free T4
without the elevation of thyroid stimulating hormone (TSH), and in recent
studies, it has been reported to be associated with cardiovascular complications
induced by decreasing of cardiac function and the elevation of cholesterol. In
addition, in patients with the end stage renal disease, reduction of serum T3
has been shown to be a factor predicting negative clinical outcomes, and it
may be associated with cardiovascular complications or chronic inflammation.
However, studies on the alteration of thyroid hormones and clinical outcomes
in the patients showing proteinuria which may be an important marker of the
deterioration of kidney disease have not been conducted. This study was
conducted to assess the alteration of thyroid hormones in the patients showing
proteinuria and to examine the effect of the alteration of thyroid hormones
caused by proteinuria on cardiovascular complications and mortality.

Among the patients with proteinuria visited the Department of Internal
Medicine, Yonsei University Wonju College of Medicine, from June 2006 to
May 2009, in 119 patients confirmed to be proteinuria according to the
definition of proteinuria, higher than 150 mg/day in 24 hours urine test, the
results of thyroid function test were examined. It was a retrospective study,

and through the medical record of patients, the correlation to the causative
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disease, routine blood test, the amount of proteinuria, and the result of thyroid
hormones (T3, free T4, TSH), the incidence of the dialysis initiation during the
follow up period, cardiovascular complications, cerebrovascular complications
and mortality was examined.

The mean age of the subject was 56.79 * 1657 years, the ratio of males
was 54.6 %. Diabetes was 60 patients (50.4 %), hypertension was 100 patients
(84.0 %), nephrotic syndrome was 47 patients (39.5 %), the low T3 group was
16 patients (13.3 %), and the low T4 group was 14 patients (11.7 %). In 24
hour urine test, proteinuria was 3,183.62 + 292697 mg/day. The glomerular
filtration rate according to the GFR-MDRD formula was 29.84 £ 29.69 ml/min.
In thyroid function test, serum T3 was 093 t 0.35 ng/mL (reference value:
0.60-1.81), serum free T4 was 1.13 + 0.34 ng/dL (reference value: 0.83-1.76),
and serum TSH was 1.85 + 140 ulU/mL (reference value: 0.35-5.50). The
change of thyroid hormones according to the severity of proteinuria, age, and
kidney function was examined, and it was found that serum TSH was
decreased with the increase of the amount of proteinuria (p=0.008),
nevertheless, serum T3 and free T4 were not affected. Regardless of
proteinuria, with the elevation of the serum T3 concentration, it was increased
with age (p=0.006), and decreased as kidney function was deteriorated
(p=0.017). Serum free T4 was reduced as renal function became deteriorated
regardless of age and proteinuria (p=0.017). The predisposing factors on the
mortality were age, the number of leukocyte, hemoglobin, total cholesterol,
triglyceride, albumin in 24 hours urine, serum T3, and the incidence of
cardiovascular complications. The result of their multiple regression analysis
showed that as serum T3 was decreased (p=0.033) and the incidence of
cardiovascular complications was increased, the mortality became higher
(p=0.039). In the Kaplan-Meier's survival curve, the cumulative survival rate
of the low T3 group was statistically significantly lower than the normal T3
group (p=0.000).

In tbe patient with proteinuria, the serum T3 concentration was an important
factor for the prediction of the mortality independent of the amount of

proteinuria.
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