Low-T3 Syndrome
A Strong Prognostic Predictor of Death in Patients With Heart Disease
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Background—Clinical and experimental data have suggested a potential negative impact of low-T3 state on the prognosis
of cardiac diseases. The aim of the present prospective study was to assess the role of thyroid hormones in the prognosis
of patient population with heart disease.

Methods and Results—A total of 573 consecutive cardiac patients underwent thyroid function profile evaluation. They
were divided in two subgroups. group |, 173 patients with low T3, ie, with free T3 (fT3) <3.1 pmol/L, and group I,
400 patients with normal fT3 (=3.1 pmol/L). We considered cumulative and cardiac death events. During the 1-year
follow-up, there were 25 cumulative deathsin group | and 12 in group |1 (14.4% versus 3%, P<<0.0001); cardiac deaths
were 13 in group | and 6 in group Il (7.5% versus 1.5%, P=0.0006). According to the Cox model, fT3 was the most
important predictor of cumulative death (hazard ratio [HR] 3.582, P<<0.0001), followed by dyslipidemia (HR 2.955,
P=0.023), age (HR 1.051, P<<0.005), and left ventricular gection fraction (HR 1.037, P=0.006). At the logistic
multivariate analysis, fT3 was the highest independent predictor of death (HR 0.395, P=0.003). A prevalence of low
fT3 levelswas found in patients with NYHA class I11-1V illness compared with patients with NYHA class |-l (¥ 5.65,
P=0.019).

Conclusions—Low-T3 syndrome is a strong predictor of death in cardiac patients and might be directly implicated in the
poor prognosis of cardiac patients. (Circulation. 2003;107:708-713.)
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he cardiovascular system is one of the most important
targets on which thyroid hormones act.12 More than 80%
of the biologically active hormone triiodothyronine (T3)
derives from periphera conversion of prohormone thyroxine
(T4) secreted by the thyroid gland. Clinical and experimental
evidence has shown that T3 plays a major role in modulating
heart rate and cardiac contractility as well as arterial periph-
eral resistance.>:2 T3 actions are carried out by binding with
specific nuclear receptors that regulate responsive genes
encoding for structural and functional cardiac proteins; direct,
extranuclear, nontranscriptional effects have also been
described.12
A typical pattern of atered thyroid hormone metabolism
characterized by low T3 circulating levels has been described
in patients with acute myocardial infarction*> and heart
failured and in adults and children after cardiopulmonary
bypass.”® The principal pathophysiological mechanism un-
derlying low circulating T3 is the reduced enzyme activity of
5" monodeiodinase responsible for converting T4 into T3 in
peripheral tissues.10.1t
This low-T3 syndrome has commonly been interpreted by
the medical community as an euthyroid sick syndrome, an
adaptive compensatory and thus beneficial response that

decreases energy consumption in diseased states® This
interpretation, however, has recently been questioned. Al-
though clinical data documented the benefit gained from
treating patients with synthetic thyroid hormones,122°0 no
studies have focused on documenting a direct link between
low-T3 state and poor prognosis in cardiac patients.

To prospectively evaluate the impact of low circulating T3
on the prognosis of a large population of patients with heart
disease, in January 1999 we systematically assessed thyroid
hormone profile in patients admitted to our cardiology
department.

M ethods

Patients

Thyroid function profile was prospectively evaluated in all consec-
utive patients (n=21058) admitted to the cardiology department of the
National Council Research Institute of Clinical Physiology (Pisa,
Italy) from January 1, 1999, to January 1, 2000. The main initial
exclusion criteriaincluded clinical evidence of sepsis or cachexia or
concomitant presence of any predominant severe systemic disease
and absence of documented heart disease. A total of 208 patients
were also excluded from the study, because of overt primary
hypothyroidism  (thyroid-stimulating hormone [TSH] level >20
wlU/mL and free T4 [fT4] <7.7 pmal/L) in 4 patients, primary hyperthy-
roidism (free T3 [fT3] >7.7 pmol/L or fT4 >32.2 pmol/L with
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undetectable TSH levels) in 8 patients, and coronary revasculariza-
tion (mostly percutaneous coronary angioplasty) or other major
surgical procedures performed before (n=2135) or within 6 months
after the time of thyroid sampling (n=61). Therefore, the final
population consisted of 573 consecutive patients with heart disease.

During hospitdization, al patients underwent conventiona non-
invasive and, if necessary, invasive diagnostic procedures for the
characterization of heart disease and related risk factors according to
the international guidelines. All of the data used in this study were
collected at the time of hospitalization.

Thyroid Hormone Sampling

The thyroid function profile was assessed in al patients from 2 to 5
days after the admission. After rapid centrifugation of a venous
sample, total T3 (TT3), fT3, total T4 (TT4), fT4, and TSH were al
measured during the same morning by a completely automated AIA
600 system (Tosho Corporation). The reference intervals for our
|aboratory were as follows: TT3 1.23 to 2.60 nmol/L (80.0 to 170.0
ng/dL), TT4 58.4 to 155.8 nmol/L (4.5t0 12.0 ug/dL), fT33.1t06.5
pmol/L (2.0 to 4.2 pg/mL), fT4 9.2 to 24.0 pmol/L (7.1 to 185
pg/dL), and TSH 0.30to 3.80 wlU/mL. Theinterassay coefficient for
al determinations ranged between 8% for TSH and 9.7% for TT4.2%
Onthebasis of fT3 values, patients were divided into two subgroups:
group |, patients with low T3, ie, with fT3 below the lower limit of
the reference interval (fT3 <3.1 pmol/L), and group |, patients with
normal fT3 (=3.1 pmol/L).

Follow-Up

Follow-up started from the day of thyroid hormone evauation.
Follow-up data were obtained from at least one of the following four
sources: reviewing patient’s hospital records, contacting patient’s
physician, interviewing the patient by phone with trained personnel,
or periodically examining the patient in the outpatient clinic.22 The
events considered were cardiac death and cumulative death (death
from any natural cause). The cause of death was derived from
medical records or death certificates. The definition of cardiac death
required the documentation of significant arrhythmia or cardiac
arrest or death attributable to congestive heart failure or myocardial
infarction in the absence of any other precipitating factor. In case of
death out of hospital not followed by autopsy, sudden unexpected
death was classified as cardiac death. Deaths caused by accidents
were excluded (follow-up censored at the time of death). In patients
undergoing coronary revascularization after 6 months from the time
of thyroid sampling, follow-up was censored at the time of revascu-
larization and patients were considered alive at that time.

At our clinical unit, such follow-up, in accordance with the above
criteria, started in 1982. Among atotal of 8564 hospitalized patients,
only 57 (0.6%) were lost at follow-up; follow-up was completed in
100% of the series of patients enrolled in the present study.

Statistical Analysis

Data are expressed as mean+=SD. Groups were compared for
categorical data or frequency of events using the x* test (Yates
correction) and for continuous variables using Student’s t test. All
tests were 2-sided, and P<<0.05 was considered statistically signifi-
cant. Linear regression analysis by the | east-square method was used
to correlate different variables. Univariate and multivariate survival
analyses were performed with the Cox proportional-hazards model
and a dedicated statistical software (BMDP)23 to establish the
combined risk of cardiac-related death and all causes of death for the
variables assessed. Continuous variables (age, left ventricular gjec-
tion fraction [LVEF], fT3, fT4, TT3, TT4, TSH, fT3/age ratio, and
NYHA functional class) and dichotomized variables (sex, hyperten-
sion, diabetes, dyslipidemia, smoking, history of cardiac disease,
obesity, history of acute or previous myocardial infarction, diagnosis
of primary or postischemic dilated cardiomyopathy, documented
myocardial ischemia, and medical treatment) were entered into the
model with their individual values or according to the presence (yes)
or absence (no) of the variable, respectively. An automatic stepwise
selection procedure, using the maximum partial likelihood ratio x
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statistic (x° test) to enter (P=<0.05 level) or remove (P>0.05 level) a
covariate into the model, was used. The data were also analyzed
according to a modified stepwise procedure, in which the significant
individual variables were included in the model in the same order in
which they are usually considered by the cardiologist, entering fT3
after al of the other variables (age and sex, overal conventional
cardiac risk factors, historic and clinical data, and fT3). Univariate
logistic regression analysis was used to determine which variable
might have predicted death. To adjust for severa risk factors,
multivariate logistic analysis was performed with al the variables
found to be significant at the univariate analysis entering in a single
step; SPSS 9 for Windows was used for regression anaysis. The
Pearson’s product-moment correlation coefficient was used to eval-
uate the association among continuous variables.

Kaplan-Meier life table, estimating cardiac-related death and all
causes of death, was used to summarize the follow-up experience in
the patient population. Differences in survival curves were tested
with the log-rank test (Mantel-Cox). P<<0.05 was considered statis-
ticaly significant.

Results

Patients

Of the 573 patients, 101 had idiopathic and 17 had postis-
chemic dilated cardiomyopathy, 91 had a previous myocar-
dia infarction, 51 acute myocardia infarction, 189 docu-
mented myocardial ischemia, 60 arrhythmia, 11 vavular
heart disease, 11 hypertrophic cardiomyopathy, and 42 other
heart diseases including pericarditis, myocarditis, and hyper-
tensive cardiomyopathy. Clinical characteristics of total pa-
tient population as well as low and normal T3 subgroups are
summarized in Table 1. In the follow-up (11+12 months),
there were 19 cardiac deaths (10 in the first month) and 37
cumulative deaths (20 in the first month).

Thyroid Function Profile

The mean serum concentrations of TSH and thyroid hor-
mones are summarized in Table 1. There were 173 patients
(30% of total population) in group | and 400 patientsin group
I. fT3 and TT3 strongly correlated (r=0.82; P<<0.0001), so
al results obtained with fT3 (see below) were confirmed by
using TT3 vaues (<1.23 nmol/L for group | and =1.23
nmol/L for group 11, respectively). Free T3 tended to dlightly
but significantly decrease with age (r=—0.226, P<<0.001). A
statistical difference between the two groups was observed
for TSH and TT4. Only 19.2% of patients assuming amiod-
arone (84 patients, 14.6% of total) had fT3 levels <3.1
pmol/L. The average fT3 value of the amiodarone subgroup
was 2.34=0.60 pmol/L, a value similar to that found among
patients of group | (2.40+0.66 pmol/L). Finaly, patients of
group | with low fT3 had dlightly, but significantly, lower
LVEF compared with patients with normal fT3 (Table 1).
When considering al patients in the two groups, however, no
correlation was found between fT3 serum concentrations and
LVEF (r=0.07, P=NS). When taking into account the degree
of heart failure (266 patients), low fT3 and normal fT3 were
found in 15.7% versus 30% of patients with NYHA I-1I and
84.3% versus 70% of patients with NYHA class IlI-IV,
X*=5.65, P=0.019, respectively.

Low T3 and Mortality
Cumulative deaths were 25 in group | and 12 in group Il
(14.4% versus 3%, P<0.0001); cardiac deaths were 13 in
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TABLE 1. Clinical Characteristics of Study Population

Low T3 Normal T3 X2 Student’s t

No. % (n=173; 30%)  (n=400; 70%) Test P
Sex, male/female 320/253 56/44 52%/48% 57.5%/42.5% 1.255 NS
Age, y, mean=SD 6612 70+11 64+12 3.232 0.0012
History of CAD 181 31.6 31.2% 31.7% 0.001 NS
Smoker 204 35.6 26.6% 39.5% 8.226 0.0045
Diabetes 88 15.3 17.3% 14.5% 0.547 NS
Arterial hypertension 279 48.6 48.5% 48.7% 0.002 NS
Dyslipidemia 262 45.7 12.7% 23.2% 7.709 0.0057
Obesity 199 347 28.3% 37.5% 4.090 0.0447
Myocardial ischemia 189 33 19.6% 27.2% 3.327 NS
Acute myocardial infarction 51 8.9 12.7% 7.3% 3.803 NS
Previous myocardial infarction 91 15.8 21.3% 13.5% 5.049 0.0248
Idiopathic dilated cardiomyopathy 101 17.6 18.9% 17% 0.230 NS
Postischemic dilated cardiomyopathy 17 29 5.2% 2% 3.261 NS
Arrhythmias 60 10.2 8.6% 11.2% 0.604 NS
Valvular heart disease 1 1.9 1.2% 2.2% 0.297 NS
Hypertrophic cardiomyopathy 1 1.9 1.7% 2.2% 0.297 NS
B-Blockers 158 275 26% 28.2% 0.201 NS
Amiodarone 84 14.6 19.6% 12.5% 4.384 0.0385
ACE inhibitors 150 26.1 19% 29.2% 5.954 0.0163
LVEF, %, mean=SD 52.0+14 46.2+14.1 49.0+13.3 2.251 0.0251
TSH, wlU/mL, mean=SD 1.99+2.39 2.39+3.14 1.81+1.96 2.680 0.0078
TT3, nmol/L, mean+SD 1.34+04 0.93+0.3 1.52+0.3 21.495 0.0001
TT4, nmol/L, mean+SD 11248 10473 11631 2.720 0.0069
fT3, pmol/L, mean+SD 3.52+1.03 2.40+0.6 4.00+0.8 24.063 0.0001
T4, pmol/L, mean=SD 17.0+£5.2 16.6+5.7 17.2+5.3 0.965 NS
Follow-up, months, mean+SD 11+12 8+10 12+12

group | and 6 in group Il (7.5% versus 1.5%, P=0.0006).
Thirty-four (92%) of the cumulative deaths and 17 (89%) of
the cardiac deaths were observed in patients with ischemic
heart disease or with |eft ventricular dysfunction. In 33.3% of
patients (one third) who had died, a second thyroid hormone
profile was available before death, on the average 3644
days before death. In one third of patients who had died, the
hormone profile was obtained outside the hospital. Free T3
serum levels were low in @l cases, with a mean value similar
to the basal one (fT3 2.01+0.8 versus 2.08+0.5 pmol/L,
P=NS). Cumulative mortality was similar in patients receiv-
ing amiodarone and in patients not receiving treatment (6 of
84, 7%, versus 31 of 489, 6%, respectively, P=NS). By
univariate analysis, T3 was the strongest predictor of cumu-
lative death (Table 2). By multivariate analysis, again fT3
was the strongest independent predictor of cumulative death
(Table 3). When only cardiac death was considered, LVEF
(x¥*=16.07, P<0.0001) and dilated cardiomyopathy
(x*=11.33, P=0.0008) were the most important independent
predictors at univariate analysis followed by fT3 (x*=8.87,
P=0.003) (Table 2). However, after dyslipidemia, fT3 was
the most powerful predictor at multivariate analysis (Table 3).

When interactive procedure was used, fT3 added higher
significant prediction of cumulative death after considering
al of the other conventiona variables (Figure 1). One year

and one month Kaplan-Meier survival curves for cumulative
deaths in patients with low versus normal fT3 are shown in
Figure 2. Differences in cumulative mortality were particu-
larly evident in the first month of follow-up.

TABLE 2. Univariate Analysis of Predictor of 1-Year Mortality

Variables X P

Cumulative death
T3 32.50 0.00001
Age 17.11 0.00001
fT3/Age ratio 13.55 0.0002
LVEF 13.04 0.0003
T4 7.94 0.0048
Previous myocardial infarction 6.23 0.0126

Cardiac death
T3 8.87 0.0029
Age 5.94 0.01
fT3/Age ratio 6.14 0.01
LVEF 16.07 0.0001
Previous myocardial infarction 6.45 0.01
Dilated cardiomyopathy 11.33 0.0008
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TABLE 3. Multivariate Analysis of Predictors of 1-Year Mortality

Hazard Standard

Variables Ratio Error 95% Cl P
Cumulative death
T3 3.582 0.2784 2.0755 t0 6.1815 0.0001
Age 1.051 0.0173 1.0154 to 1.0866 0.005
LVEF 1.037 0.0119 1.0132 to 1.0616 0.006

Dyslipidemia* 2.955 0.4460 1.2331 to 7.0841 0.023

Cardiac death

FT3 2.359 0.3742 1.1329 10 4.9122 0.016
Age 1.047 0.0243 0.9984 to 1.0982 0.040
LVEF 1.069 0.0178 1.0329 to 1.1075 0.0001

Dyslipidemia* 4.236 0.5922
*Dichotomized variable.

1.3272 10 13.5246  0.04

Univariate and multivariate logistic analysis of data
showed fT3 as the most potent and independent predictor of
survival time, as highlighted by the higher absolute value for
R and by the lower upper limit for the 95% confidence
interval for the hazard ratio (see Table 4).

A good correlation was also observed between fT3 values
and surviva time of the patients who died (Figure 3).

When all 573 patients were subdivided according to low
versus normal serum fT4 criteria (ie, =9.2 pmol/L and <9.2
pmol/L), only 11 patients (1.9% of total) showed hormonal
values below the lower limit of reference interval. Moreover,
1-year survival of patients with low versus norma TSH
(cutoff, 0.3 wlU/mL) was not statistically different between
the 2 groups (TSH =0.3 wlU/mL: 90.4%; n=516 versus TSH
<0.3 pnlU/mL: 86.6%; n=57, P=NS).

Discussion
Low thyroid hormone concentrations, in particular low serum
T3 concentrations, are a common finding in patients with

Interactive analysis of predictors
of 1-year cumulative death
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Figure 1. Interactive analysis of predictors of 1-year cumulative
death. Global x? values for the following variables: A (age and
sex); B (age/sex and cardiac risk factors); C (age/sex, cardiac
risk factors, and historical and clinical data); and D (age/sex,
cardiac risk factors, historical and clinical data, and fT3).
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Low T3 and Death in Cardiac Patients 711
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Figure 2. Kaplan-Meier survival curves of patients with low T3
(group I, n=173) versus those with normal T3 levels (group I,
n=400). Events considered: 1-year (A) and 1-month (B) cumula-
tive death.

nonthyroidal illnesses, including cardiac disorders. Its patho-
physiological role is not well understood, athough the
common belief is in favor of an adaptive mechanism to
preserve energy.11° Nonetheless, based on the knowledge of
the fundamental actions of T3 on both the heart and vessels,
adirect relationship between low circulating levels of T3 and
adverse prognosis of cardiac patients has represented an
attractive hypothesis in the last few years.2 In this respect, it
has been postulated that the low T3 state may produce a

TABLE 4. Univariate and Multivariate Logistic Regression*

Hazard
Variables Ratio 95% Cl P R
Univariate regression
fT3 0.248  0.14510 0.425 <0.0001  —0.294
LVEF 0.954  0.933 to 0.976 0.0001  —0.228
Age 1.066  1.030 to 1.104 0.003 0.200
Diabetes 2174 1.012 to 4.669 0.046 0.085
TSH 1126  1.024 t0 1.238 0.015 0.120
Multivariate regression
fT3 0.395  0.207 to 0.622 0.003 —0.217
LVEF 0.959  0.936 to 0.984 0.011 —0.177
Age 1.045  1.008 to 1.083 0.015 0.119

*Among all of the variables assessed (see Statistical Analysis), only the
variables found to be significant reported in the Table.
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n = 37 deaths
¥ = L192x+1.766
R = 0.60,p<0.001

Survival time log (days)

] 0.8 24 36 52
ft3 (pmol/L)

Figure 3. Correlation between fT3 serum concentrations and
time of survival (days, logarithmic scale) in all cardiac patients
(n=37) who died.

hypothyroid-like syndrome that contributes to the worsening
or exacerbation of the intrinsic cardiac disease.r?* The
present study clearly shows the existence of a strong associ-
ation between the reduction of biologicaly active T3 and
mortality in a large population of cardiac hospitalized pa-
tients. Low T3 circulating levels were found in 30% of the
studied population, a percentage that fals in the range of
previously reported data on hospitalized patients for complex
systemic diseases!t-25-27 and remarkably similar to that re-
cently observed by Ascheim and Hryniewicz?8 in a popula-
tion of 132 cardiac outpatients. The Kaplan-Meyer curves
show the highly significant increase in the incidence of
cardiac and cumulative deaths in patients with low T3
compared with patients with normal T3 levels. If one consid-
ers that the total mortality might represent the primary end
point in clinical investigation, as recently proposed,?® the
relevance of the low T3 state as a strong, independent
predictor of mortaity in cardiac patients is even more
emphasized by our results from univariate and multivariate
logistic analysis as well as from interactive analysis (see
Tables 2 through 4 and Figure 1) and from the good
correlation we found between fT3 values and survival time of
patients who died (Figure 3). It is noteworthy that both
time-dependent and time-independent analyses revealed the
fundamental role of T3 serum concentrations compared with
the other parameters in predicting death.

The low T3 state could be at first interpreted as just a
biological risk factor of cumulative and cardiovascular mor-
tality and not as a direct causal factor contributing to the poor
prognosis of cardiac patients. In regard to this important
issue, some comments are necessary.

First, patients of both groups with low and normal fT3
values, respectively, did not differ in al the other conven-
tional risk factors; a dlightly higher prevalence of smoking,
obesity, and dyslipidemia was indeed observed in group II,
with normal fT3, compared with group | (see Table 1).
Second, all patients were admitted to the same clinical unitin
the same period of time and received care by the same
medical staff using the same standard diagnostic and thera-
peutic decision-making procedures. Third, the strong rela
tionship between low T3 and increased mortality was present

independently of the treatment with amiodarone, a drug
known to reduce T4 periphera conversion into T3 and thus
T3 serum concentration. Actually, despite a slight but signif-
icant prevalence in patients receiving amiodarone observed in
the group with low T3 (19.6% versus 12.5%, see Table 1), the
mortality rate in these patients with low T3 levels did not
differ from that of patients receiving amiodarone with normal
T3. Fourth, clinical and experimental knowledge of the
fundamental role of thyroid hormones, in particular of T3, in
the cardiovascular homeostasis favors the hypothesis of a
direct relationship between low T3 syndrome and mortality in
patients with heart disease. In this respect, some beneficial
effects of T3 treatment have been observed in patients
submitted to cardiosurgery procedures,141530 in patients with
heart failure,620 and in animals after acute myocardial
infarction.1231 Moreover, experimental data support the hy-
pothesis that cardiac gene expression and function are altered
in animal32 and human3® models of low T3 state.32 However,
whether changes in thyroid hormone metabolism contribute
to impairment of cardiac function remains to be determined;
only the demonstration of beneficial effects on cardiovascular
end points of long term T3 replacement in cardiac patients
with low T3 state can answer this fundamental issue.

In conclusion, low T3 concentrations are a strong indepen-
dent predictive marker of poor prognosis in cardiac patients
and might represent a determinant factor directly implicated
in the evolution and prognosis of these patients.

Acknowledgments
We are grateful to Stefano Turchi and M. Chiara Taddel for their
vauable laboratory assistance. We aso thank Laura Mazza for her
skillful secretarial assistance and ManuellaWalker for the revision of
English style.

References

1. Polikar R, Burger AG, Scherrer U, et a. The thyroid and the heart.
Circulation. 1993;87:1435-1441.

2. Klein I, Ojamaa K. Mechanism of disease: thyroid hormone and the
cardiovascular system. N Engl J Med. 2001;344:501-5009.

3. Pilo A, lervasi G, Vitek F, et a. Thyroidal and peripheral production of
3,5,3'-triiodothyronine in humans by multicompartmental analysis. Am J
Physiol. 1990;258:E715-E726.

4. Franklyn JA, Gammage MD, Ramsden DB, et a. Thyroid status in
patients after acute myocardia infarction. Clin Sci (Colch). 1984;67:
585-590.

5. Wiersinga WM, Lie KI, Toubler JL. Thyroid hormones in acute myo-
cardia infarction. Clin Endocrinol. 1981;14:367-374.

6. Hamilton MA, Stevenson LW, Luu M, et a. Altered thyroid hormone
metabolism in advanced heart failure. J Am Coll Cardiol. 1990;16:91-95.

7. Klemperer JD, Klein |, Gomez M, et a. Thyroid hormone treatment after
coronary artery bypass surgery. N Engl J Med. 1995;333:1522-1527.

8. Murzi B, lervasi G, Masini S, et a. Thyroid hormones homeostasis in
pediatric patients during and after cardiopulmonary by-pass. Ann Thorac
Surg. 1995;59:481-485.

9. Holland FW, Brown PS, Weintraub BD, et a. Cardiopulmonary bypass
and thyroid function: a “euthyroid sick syndrome.” Ann Thorac Surg.
1991;52:46-50.

10. Utiger RD. Altered thyroid function in nonthyroidal illness and surgery:
to treat or not to treat? N Engl J Med. 1995;333:1562—-1563.

11. Chopra 1J. Euthyroid sick syndrome: is it a misnomer? J Clin Endocrin
Metab. 1997;82:329-334.

12. De Groot LJ. Dangerous dogmas in medicine: the nonthyroidal illness
syndrome. J Clin Endocrin Metab. 1999;84:151-164.

13. Moruzzi P, Doria E, Agostoni PG. Medium-term effectiveness of
L-thyroxine treatment in idiopathic dilated cardiomyopathy. Am J Med.
1996;101:461-467.


http://circ.ahajournals.org/

/102 ‘62 J8q0100 U0 159nH Aq /610°Sfeulno feye a419//:dny wioly papeojumoq

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

lervas et al

Mullis-Jansson SL, Argenziano M, Corwin S, et a. A randomized
double-blind study of the effect of triiodothyronine on cardiac function
and morbidity after coronary bypass surgery. J Thorac Cardiovasc Surg.
1999;117:1128-1135.

Bettendorf M, Schmidt KG, Grulich-Henn J, et a. Tri-iodothyronine
treatment in children after cardiac surgery: a double-blind, randomised,
placebo controlled study. Lancet. 2000;356:529-534.

Hamilton MA, Stevenson LW, Fonarow GC. Safety and hemodynamic
effects of intravenous triiodothyronine in advanced congestive heart
failure. Am J Cardiol. 1998;81:443-447.

Malik FS, Mehra MR, Uber PA, et d. Intravenous thyroid hormone
supplementation in heart failure with cardiogenic shock. J Card Fail.
1999;5:31-37.

Spooner PH, Morkin E, Goldman S. Thyroid hormone and thyroid
hormone anaogues in the treatment of heart failure. Coron Artery Dis.
1999;10:395-399.

Dyke C, Yeh T, Lehman J, et al. Triiodothyronine-enhanced left ventric-
ular function after ischemic injury. Ann Thorac Surg. 1991;52:14-19.
lervasi G, Emdin M, Colzani RMP, et al. Beneficial effects of long-term
triiodothyronine (T3) infusion in patients with advanced heart failure and
low T3 syndrome. Washington, DC: Medimond Medical Publications;
2001:549-553.

lervas G, Clerico A, Pilo A, et a. Normalization of peripherd thyroid
hormone metabolism induced by successful chronic amiodarone treatment in
patients with ventricular arrhythmias. Eur J Clin Invest. 1996;26:382-390.
Severi S, Picano E, Michelassi C, et al. Diagnostic and prognostic value
of dipyridamole echocardiography in patients with suspected coronary
artery disease: comparison with exercise electrocardiography. Circu-
lation. 1994;89:1160-1173.

Dixon WJ. BMDP statistica software manual. Berkeley, Calif: University
of Cdifornia Press; 1990.

24.

25.

26.

27.

28.

29.

30.

31

32.

Low T3 and Death in Cardiac Patients 713

Klein I, Ojaama K. The cardiovascular system in hypothyroidism. In:
Braverman LE, Utiger RD, eds. Werner and Ingbar’s The Thyroid.
Philadelphia: Lippincott-Raven Press; 1996:799—804.

Simons RJ, Simon JM, Demers LM, et a. Thyroid dysfunction in elderly
hospitalized patients: effect of age and severity of illness. Arch Intern
Med. 1990;150:1249-1253.

Di Napoli M, Reda G, Zannoni G, et a. The Euthyroid Sick Syndrome:
itsincidence and clinical significance in an internal medicine department.
Minerva Med. 1994;85:161-165.

Song YM, Ho WM, Tsou CT, et a. Abnormal thyroid hormone levelsin
critical nonthyroidal illness. Zhonghua Yi Xue Za Zhi. 1991;47:242-248.
Ascheim DD, Hryniewicz K. Thyroid hormone metabolism in patients
with congestive heart failure: the low triiodothyronine state. Thyroid.
2002;12:511-515.

Lauer MS, Blackstone EH, Young JB, et al. Cause of death in clinical
research: time for a reassessment? J Am Coll Cardiol. 1999;34:
618-620.

Chowdhury D, Ojamaa K, Parnell VA, et a. A prospective randomized
clinical study of thyroid hormone treatment after operations for complex
congenital heart disease. J Thorac Cardiovasc Surg. 2001;122:
1023-1025.

Ojamaa K, Kenessey A, Shenoy R, et al. Thyroid hormone metabolism
and cardiac gene expression after acute myocardia infarction in the rat.
Am J Physiol Endocrinol Metab. 2000;279:E1319-E1324.

Katzeff HL, Powell SR, Ojamaa K. Alterations in cardiac contractility
and gene expression during low-T3 syndrome: prevention with T3. AmJ
Physiol. 1997;273:E951-E956.

. Forini F, Peolicchi A, Pizzorusso T, et al. 3,5,3'-triiodothyronine depri-

vation affects phenotype and intracellular (Ca2*)l of human cardiomyo-
cytes in culture. Cardiovasc Res 2001;51:322-330.


http://circ.ahajournals.org/

/102 ‘62 J8q0100 U0 159nH Aq /610°Sfeulno feye a419//:dny wioly papeojumoq

Associatione

' I ez American
QLm_u.l.aIJQD “ Heart

Low-T3 Syndrome: A Strong Prognostic Predictor of Death in Patients With Heart
Disease
Giorgio lervasi, Alessandro Pingitore, Patrizia Landi, Mauro Raciti, Andrea Ripoli, Maria
Scarlattini, Antonio L'Abbate and Luigi Donato

Circulation. 2003;107:708-713; originally published online January 20, 2003;

doi: 10.1161/01.CIR.0000048124.64204.3F
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2003 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/107/5/708

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/



http://circ.ahajournals.org/content/107/5/708
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

