ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202305.00138

Correlation Between Serum Thyroid Hormone
Levels and In-Hospital Prognosis in Patients
with Heart Failure (Postprint)

Authors: Zhangjin, Ding Zhiguo, Li Ying, Li Weigiang, Zhang Yuanyuan,
Zhou Tong

Date: 2023-05-08T00:00:00+00:00

Abstract

Background: In clinical practice, the authors observed that serum reverse tri-
iodothyronine (rT3) levels were often markedly elevated above the upper limit
of the biological reference interval in heart failure patients who died during
hospitalization. Previous studies investigating the predictive value of thyroid
hormones for in-hospital mortality in heart failure patients, particularly regard-
ing the predictive value of rT3, are scarce. Identifying indicators with predic-
tive value for in-hospital death in heart failure patients holds significant clinical
importance. Objective: To investigate the correlation between serum thyroid
hormones and in-hospital prognosis in heart failure patients. Methods: A to-
tal of 197 heart failure patients hospitalized at Dongzhimen Hospital, Beijing
University of Chinese Medicine from April 2019 to April 2022 were enrolled.
Baseline data were collected through the electronic medical record system. All
subjects underwent fasting venous blood sampling within 24 hours of admission
to measure total triiodothyronine (TT3), total thyroxine (TT4), free triiodothy-
ronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone (TSH), r'T3,
and N-terminal pro-brain natriuretic peptide (NT-pro-BNP). Patients were di-
vided into a death group (n=18) and a non-death group (n=179) based on
in-hospital mortality. Multivariate Logistic regression analysis was employed to
identify factors influencing in-hospital mortality. Receiver operating character-
istic (ROC) curves were constructed to evaluate the predictive value of relevant
indicators, the area under the curve (AUC) was calculated, and Delong’s test
was used to compare AUCs among indicators. Results: The death group exhib-
ited higher age and rT3 levels, and lower FT3, TT3, and TSH levels compared
with the non-death group (P<0.05). In the non-death group, 66 patients had
normal thyroid function, 87 had low T3 syndrome, 15 had isolated high FT4, 3
had isolated high TT4, 5 had both high TT4 and FT4, 1 had isolated low TT4,
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1 had isolated high TT3, and 1 had isolated high FT3. In the death group, 1 pa-
tient had normal thyroid function, 14 had low T3 syndrome, and 3 had isolated
high FT4. The incidence of low T3 syndrome differed significantly between the
two groups (P<0.05). Multivariate Logistic regression analysis identified rT3 as
an independent factor influencing in-hospital mortality (P<0.05). ROC analysis
revealed an AUC for r'T3 of 0.914 [95%CI (0.865, 0.962)], which was superior to
age (Z=3.137, P=0.002), FT3 (Z=2.389, P=0.017), TT3 (Z=2.123, P=0.034),
and TSH (Z=3.056, P=0.002). Conclusion: Low T3 syndrome is a risk factor
for in-hospital mortality in heart failure patients, and serum rT3 demonstrates
high prognostic value for in-hospital outcomes, warranting increased clinical
attention.
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Abstract

Background: In clinical practice, we observed that serum reverse triiodothy-
ronine (rT3) levels were markedly elevated above the upper limit of the biolog-
ical reference interval in heart failure patients who died during hospitalization.
Previous research on thyroid hormones as predictors of in-hospital mortality in
heart failure, particularly regarding the predictive value of r'T'3, remains limited.
Identifying predictive indicators for in-hospital death in heart failure patients
carries significant clinical importance.

Objective: To investigate the correlation between serum thyroid hormones and
in-hospital prognosis in heart failure patients.

Methods: We enrolled 197 heart failure patients hospitalized at Dongzhimen
Hospital of Beijing University of Chinese Medicine between April 2019 and April
2022. Baseline data were collected through the electronic medical record system.
Within 24 hours of admission, fasting venous blood samples were obtained from
all participants to measure total triiodothyronine (T'T3), total thyroxine (TT4),
free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone
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(TSH), rT3, and N-terminal pro-brain natriuretic peptide (NT-pro-BNP). Pa-
tients were divided into a death group (n=18) and a non-death group (n=179)
based on whether they died during hospitalization. Multivariate logistic re-
gression analysis was used to identify factors influencing in-hospital mortality.
Receiver operating characteristic (ROC) curves were constructed to evaluate
the predictive value of relevant indicators, with areas under the curve (AUC)
calculated and compared using the Delong test.

Results: The death group exhibited significantly higher age and r'T3 levels, and
lower FT3, TT3, and TSH levels compared to the non-death group (P<0.05).
In the non-death group, 66 patients had normal thyroid function, 87 had low
T3 syndrome, 15 had isolated high F'T4, 3 had isolated high TT4, 5 had both
high TT4 and FT4, 1 had isolated low TT4, 1 had isolated high TT3, and 1 had
isolated high FT3. In the death group, 1 patient had normal thyroid function,
14 had low T3 syndrome, and 3 had isolated high FT4. The incidence of low
T3 syndrome differed significantly between the two groups (P<0.05). Multi-
variate logistic regression analysis identified r'T3 as an independent influencing
factor for in-hospital mortality (P<0.05). ROC curve analysis revealed that
rT3 had an AUC of 0.914 [95%CI (0.865, 0.962)], which was superior to age
(Z=3.137, P=0.002), FT3 (Z=2.389, P=0.017), TT3 (Z=2.123, P=0.034), and
TSH (Z=3.056, P=0.002).

Conclusion: Low T3 syndrome represents a risk factor for in-hospital death in
heart failure patients. Serum rT3 demonstrates high predictive value for prog-
nostic assessment during hospitalization and warrants greater clinical attention.

Keywords: heart failure; low T3 syndrome; reverse triiodothyronine; thyroid
hormone; prognosis; influencing factor analysis

Introduction

Heart failure represents the terminal stage of cardiac disease caused by multi-
ple etiologies, with persistently high mortality and rehospitalization rates [1-2].
In clinical practice, we have observed that low T3 syndrome accounts for a
substantial proportion of hospitalized heart failure patients, and serum reverse
trilodothyronine (rT3) values in those who die during hospitalization are often
markedly elevated above the biological reference interval upper limit. Iden-
tifying predictive indicators for in-hospital mortality in heart failure patients
holds significant clinical importance. Previous studies have suggested that tri-
iodothyronine (T3) and r'T3 levels may serve as markers for disease assessment
and prognosis in heart failure [3-4]; however, research on thyroid hormones as
predictors of in-hospital death, particularly regarding the predictive value and
mechanisms of r'T3, remains limited. This study aims to explore the relation-
ship between serum thyroid hormones and in-hospital prognosis in heart failure
patients, seeking to identify thyroid hormone indicators with predictive value
for in-hospital mortality to assist clinical decision-making.
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Methods
Study Population

We enrolled 197 heart failure patients hospitalized at Dongzhimen Hospital of
Beijing University of Chinese Medicine between April 2019 and April 2022. In-
clusion criteria comprised a diagnosis of heart failure according to the “Chinese
Guidelines for the Diagnosis and Treatment of Heart Failure 2018” [1]. Ex-
clusion criteria included: (1) acute myocardial infarction; (2) thyroid diseases
such as hyperthyroidism or hypothyroidism; (3) severe primary conditions in-
cluding respiratory failure or hepatic/renal insufficiency; (4) severe infection;
(5) pregnancy or lactation; and (6) current use of thyroid-related medications
or iodine-containing agents such as amiodarone or contrast media. This study
was approved by the Medical Ethics Committee of Dongzhimen Hospital of Bei-
jing University of Chinese Medicine (Ethics No. 2018-JYBZZ-JS093), and all
patients provided informed consent.

Data Collection

Baseline data were collected through the electronic medical record system.
Within 24 hours of admission, fasting venous blood samples were obtained from
all participants to measure TT3, TT4, FT3, FT4, TSH, rT3, and NT-pro-BNP.

Definitions and Diagnostic Criteria

Reference ranges were as follows: TT3 1.02-2.48 nmol/L; TT4 70.01-152.51
nmol/L; FT3 3.30-6.48 pmol/L; FT4 7.59-16.09 pmol/L; TSH 0.49-4.91 mU/L;
and rT3 0.20-0.95 g/L. Low T3 syndrome was diagnosed based on reduced FT3
or TT3 levels, elevated r'T3, and normal or decreased TSH [5]. Cardiac function
was classified according to the New York Heart Association (NYHA) functional
classification as grades I-1V.

Grouping

Patients were divided into a death group (n=18) and a non-death group (n=179)
based on in-hospital mortality.

Statistical Analysis

Normally distributed continuous variables were expressed as mean 4+ standard
deviation and compared between groups using independent samples t-tests. Non-
normally distributed continuous variables were presented as median (P25, P75)
and compared using the Mann-Whitney U test. Categorical data were expressed
as frequencies and compared using the chi-square test. Multivariate logistic re-
gression analysis was performed to identify factors influencing in-hospital mor-
tality. ROC curves were constructed to evaluate the predictive value of relevant
indicators, with AUCs calculated and compared using the Delong test. Statisti-
cal significance was defined as P<0.05.
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Results
Comparison of Baseline Characteristics

The death group exhibited significantly higher age and rT3 levels, and lower
FT3, TT3, and TSH levels compared to the non-death group (P<0.05). No
significant differences were observed in gender distribution, FT4, TT4, or NT-
pro-BNP between the two groups (P>0.05) .

Thyroid Function Status

In the non-death group, 66 patients had normal thyroid function, 87 had low
T3 syndrome, 15 had isolated high F'T4, 3 had isolated high TT4, 5 had both
high TT4 and FT4, 1 had isolated low TT4, 1 had isolated high TT3, and 1 had
isolated high FT3. In the death group, 1 patient had normal thyroid function,
14 had low T3 syndrome, and 3 had isolated high FT4. The incidence of low
T3 syndrome differed significantly between the two groups ( 2=0.12, P<0.05).

Multivariate Logistic Regression Analysis

Using in-hospital mortality (non-death group=0, death group=1) as the depen-
dent variable and variables showing significant differences in baseline compar-
isons (age, FT3, TT3, TSH, r'T3) as independent variables, multivariate logistic
regression analysis revealed that r'T'3 was an independent influencing factor for
in-hospital mortality in heart failure patients (P<0.05) .

Predictive Value of Age, FT3, TT3, TSH, and rT3

ROC curve analysis demonstrated that rT3 had an AUC of 0.914 [95%CI
(0.865, 0.962)] for predicting in-hospital mortality, which was superior to age
(Z=3.137, P=0.002), FT3 (Z=2.389, P=0.017), TT3 (Z=2.123, P=0.034), and
TSH (Z=3.056, P=0.002) [Figure 1: see original paper] .

Discussion

Heart failure results from abnormal cardiac structure and/or function due to
various causes, leading to impaired ventricular systolic and/or diastolic function.
As a severe manifestation or advanced stage of cardiac disease, it produces a
complex clinical syndrome characterized by dyspnea, fatigue, limited exercise
capacity, fluid retention (pulmonary and systemic congestion), and impaired
venous return [1]. The China Hypertension Survey (CHS) 2012-2015, which
analyzed 22,158 Chinese residents, reported a heart failure prevalence of 1.3%
among individuals aged $ $35 years [6]. The 2020 China Heart Failure Medical
Quality Control Report, analyzing 33,413 hospitalized heart failure patients
with recorded outcomes from January 2017 to October 2020, documented an
in-hospital mortality rate of 2.8% [7].
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Thyroid hormones, synthesized and secreted by the thyroid gland, regulate
metabolism and growth development, acting on most human cells. The cardio-
vascular system represents a crucial target organ for thyroid hormones. Previous
studies have indicated that heart failure often manifests as low T3 syndrome,
which is closely associated with clinical prognosis [8-10]. Low T3 syndrome is
characterized by decreased serum T3, increased rT3, and normal or reduced
TSH levels. In our study, the incidence of low T3 syndrome was significantly
higher in the death group compared to the non-death group, suggesting that
low T3 syndrome may be a risk factor for in-hospital mortality in heart failure
patients.

While numerous studies have demonstrated the relationship between thyroid
hormone levels and prognosis in heart failure patients [11-13], research on pre-
dictors of in-hospital mortality remains relatively scarce. Iglesias et al. [14]
reported that decreased FT3 levels represent an independent predictor of in-
hospital death in elderly heart failure patients. Our comprehensive analysis of
gender, age, thyroid hormones, and NT-pro-BNP in relation to in-hospital mor-
tality revealed that rT3 serves as both an influencing factor and a predictive
indicator for in-hospital death in heart failure patients.

Reverse T3 is formed through the deiodination of T4 by type 3 iodothyronine
deiodinase in peripheral tissues, representing a biologically inactive metabolite
of T4 that maintains a specific ratio with serum T3 and T4 [15]. Clinically,
rT3 measurement primarily aids in differentiating hypothyroidism from low T3
syndrome; the former shows decreased T3, T4, and rT3 with elevated TSH,
whereas the latter exhibits decreased T3, increased rT3, and normal or reduced
TSH [16].

Under physiological conditions, serum rT3 levels can be influenced by patient
age, with healthy individuals over 80 years showing significantly higher rT3 val-
ues compared to middle-aged and younger populations [17-18]. This age-related
increase may reflect a protective mechanism, as reduced caloric requirements in
the elderly lead to increased production of non-calorigenic r'T'3 and decreased T3
synthesis, preventing excessive metabolic consumption. In our previous study
using the same detection equipment, we established normal biological reference
intervals for rT3 using an indirect method, finding that the mean rT3 level in
individuals over 80 years was (0.79$+%$0.10) g/L, higher than all younger age
groups [18]. In the current study, the 18 heart failure patients who died had a
median age of 84 years, with r'T3 values at P25, median, and P75 of 1.33 g/L,
1.69 g/L, and 2.74 g/L, respectively—all substantially exceeding the average
upper limit for their age group.

The markedly elevated r'T3 levels in the death group and its superior predictive
value over T3 for in-hospital mortality can be attributed to altered deiodinase
activity in heart failure. Deiodination represents the primary mechanism for reg-
ulating thyroid hormone activity, catalyzed by three iodothyronine deiodinases
(D1, D2, D3). T4 undergoes inner-ring deiodination to form rT3, while T3 un-
dergoes inner-ring deiodination to form diiodothyronine (T2) under the action
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of D1 and D3; conversely, T4 undergoes outer-ring deiodination to form T3, and
r'T3 undergoes outer-ring deiodination to form T2 through D1 and D2 activity.
D1, predominantly expressed in the liver and kidneys, constitutes the primary
pathway for r'T3 clearance, whereas D3 is the main pathway for rT3 genera-
tion [19-20]. Heart failure patients who die during hospitalization often exhibit
hepatic and renal insufficiency, impairing D1 activity in these organs and reduc-
ing rT3 clearance. Additionally, systemic congestion, chronic tissue hypoxia,
and the hypoxic and inflammatory myocardial microenvironment in heart fail-
ure can alter deiodinase activity and deiodination pathways, such as increased
D3 expression leading to enhanced conversion of T3 to inactive T2 and T4 to
r'T3, resulting in elevated serum rT3 [21-22]. Furthermore, thyroid hormones di-
rectly affect cardiomyocytes by increasing contractility and myocardial oxygen
consumption while accelerating heart rate. In the death group, increased pro-
duction of inactive r'T3 led to reduced myocardial contractility, decreased stroke
volume, increased left ventricular end-systolic volume, accelerated left ventric-
ular remodeling, worsening heart failure, and further r'T'3 elevation, creating a
vicious cycle.

Currently, most hospitals routinely measure only the five-item thyroid panel
(TT3, TT4, FT3, FT4, TSH) in clinical practice, with rT3 not being a standard
test item, which explains the relative scarcity of previous research on rT3 for
predicting in-hospital mortality in heart failure. Our hospital’s “complete thy-
roid function panel” includes 10 items comprising TT3, TT4, FT3, FT4, TSH,
and rT3, providing data support for this study as most heart failure patients
undergo this comprehensive testing to exclude thyroid disease upon admission.

This study has several limitations: it represents a single-center retrospective
analysis with a relatively small sample size, and we did not include other po-
tential prognostic indicators such as echocardiographic findings or additional
hematological parameters. These aspects will be addressed in future research.

In summary, low T3 syndrome constitutes a risk factor for in-hospital death
in heart failure patients, and serum r'T3 demonstrates high predictive value for
prognostic assessment during hospitalization. We recommend that r'T3 testing
be performed in hospitalized heart failure patients.

Author Contributions: ZHANG Jin conceived the primary research ob-
jectives, designed the study, supervised implementation, and drafted the
manuscript. DING Zhiguo revised the manuscript. LI Ying, LI Weigiang,
and ZHANG Yuanyuan collected and organized data and performed statistical
analysis. ZHOU Tong was responsible for quality control, overall article
supervision, and project management.

Conflict of Interest: The authors declare no conflicts of interest.

Funding: Shaanxi Provincial Key Research and Development Program (2023-
ZDLSF-56); Wu Jieping Medical Foundation Project (320.6750.2022-03-9);
Shaanxi Provincial Administration of Traditional Chinese Medicine Projects
(SZY-NLTL-2022-005, SZY-NLTL-2022-006)

chinarxiv.org/items/chinaxiv-202305.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-202305.00138

ChinaRxiv [$X]

References

[1] Chinese Society of Cardiology Heart Failure Group, Chinese Medical Doc-
tor Association Heart Failure Committee, Editorial Board of Chinese Journal
of Cardiology. Chinese Guidelines for the Diagnosis and Treatment of Heart
Failure 2018[J]. Chinese Journal of Cardiology, 2018, 46(10): 760-789. DOI:
10.3760/cma.j.issn.0253-3758.2018.10.004.

[2] LUO JQ, DENG ZW, LI TD, et al. A review on the progress in the treatment
of heart failure[J]. The Journal of Practical Medicine, 2022, 38(10): 1181-1186.
DOI: 10.3969/;.issn.1006-5725.2022.10.002.

[3] XIE SY, SONG GZ, ZHONG GQ. The changes and significance of thyroid
hormone in patients with congestive heart failure[J]. Journal of National Prose-
cutors College, 2000, 22(1): 26-28. DOI: 10.3969/j.issn.0253-4304.2000.01.013.

[4] PIMENTEL CR, MIANO FA, PERONE D, et al. Reverse T3 as a parame-
ter of myocardial function impairment in heart failure[J]. Int J Cardiol, 2010,
145(1): 52-53. DOI: 10.1016/j.ijcard.2009.04.001.

[6] NIE ML, LIU L, MA HY. Effect of low T3 syndrome on death or
re-hospitalization in patients with pulmonary hypertension due to left
heart disease[J]. Chinese General Practice, 2018, 21(14): 1666-1671. DOI:
10.3969/;.issn.1007-9572.2018.00.131.

[6] HAO G, WANG X, CHEN Z, et al. Prevalence of heart failure and left
ventricular dysfunction in China: the China Hypertension Survey, 2012-2015[J].
Eur J Heart Fail, 2019, 21(11): 1329-1337. DOI: 10.1002/ejhf.1629.

[7] National Cardiovascular Disease Medical Quality Control Center Expert
Committee Heart Failure Working Group. 2020 China Heart Failure Medical
Quality Control Report[J]. Chinese Circulation Journal, 2021, 36(3): 221-238.
DOT: 10.3969/;.issn.1000-3614.2021.03.002.

[8] SATO Y, YOSHIHISA A, KIMISHIMA Y, et al. Low T3 syndrome is asso-
ciated with high mortality in hospitalized patients with heart failure[J]. J Card
Fail, 2019, 25(3): 195-203. DOI: 10.1016/j.cardfail.2019.01.007.

[9] SHI GL, FANG H, DAI XX, et al. Effects of euthyroid sick syndrome on the
long-term prognosis of patients with chronic heart failure[J]. Chinese General
Practice, 2021, 24(12): 1476-1481. DOI: 10.12114/j.issn.1007-9572.2021.00.120.

[10] GUAN L, WANG CH, SUN ZJ. Influence of low T3 syndrome on prognosis
of patients with heart failure[J]. Journal of China Medical University, 2022,
51(9): 794-799.

[11] L1'Y, WANG CH, HAN S, et al. The prognostic value of FT3/FT4 ratio
and its combination with NT-proBNP in patients with heart failure[J]. Journal
of China Medical University, 2022, 51(4): 313-318. DOI: 10.12007/j.issn.0258-
4646.2022.04.005.

chinarxiv.org/items/chinaxiv-202305.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-202305.00138

ChinaRxiv [$X]

[12] SAMUEL NA, CUTHBERT JJ, BROWN OI, et al. Relation between thy-
roid function and mortality in patients with chronic heart failure[J]. Am J Car-
diol, 2021, 139: 57-63. DOI: 10.1016/j.amjcard.2020.10.034.

[13] LIU Z, WANG J. In elderly patients with heart failure BNP, thyroid
hormone testing and the value of cardiac function and prognosis judgment|[J].
Chinese Journal of Cardiovascular Research, 2018, 16(2): 160-162. DOL:
10.3969/j.issn.1672-5301.2018.02.017.

[14] IGLESIAS P, MUNOZ A, PRADO F, et al. Alterations in thyroid func-
tion tests in aged hospitalized patients: prevalence, aetiology and clinical out-
come[J]. Clin Endocrinol: Oxf, 2009, 70(6): 961-967. DOI: 10.1111/j.1365-
2265.2008.03421.x.

[15] REN Q, LYU DC. A method for the detection of rT3 by chemilumines-
cent immunoassay[J]. Labeled Immunoassays and Clinical Medicine, 2020, 27(7):
1233-1236, 1265. DOI: 10.11748 /bjmy.issn.1006-1703.2020.07.030.

[16] Chinese Society of Endocrinology. Guidelines for the diagnosis and
treatment of adult hypothyroidism[J]. Chinese Journal of Endocrinol-
ogy and Metabolism, 2017, 33(2): 10-12. DOIL 10.3760/cma.j.issn.1000-
6699.2017.02.018.

[17] LI X, QU WY, YU ZG, et al. Analysis on variation tendency of serum
thyroid hormone level in the healthy elderly aged over 80 years[J]. Chinese
Journal of Geriatrics, 2011, 30(4): 269-271. DOIL 10.3760/cma.j.issn.0254-
9026.2011.04.002.

[18] ZHANG J, LI Y, QI S, et al. Establishment of biological reference
interval for reverse trilodothyronine by indirect method[J]. Chinese Journal
of Nuclear Medicine and Molecular Imaging, 2022, 42(9): 534-537. DOL
10.3760/cma.j.cn321828-20210331-00090.

[19] WU TX, WANG JL. Research progress of iodothyronine deiodinase[J]. Chi-
nese Journal of Endocrinology and Metabolism, 2000, 16(3): 193-195. DOL:
10.3760/j.issn.

[20] PAPPA TA, VAGENAKIS AG, ALEVIZAKI M. The nonthyroidal illness
syndrome in the non-critically ill patient[J]. Eur J Clin Invest, 2011, 41(2):
212-220. DOI: 10.1111/j.1365-2362.2010.02395.x.

[21] MANCINI A, DI SEGNI C, RAIMONDO 8, et al. Thyroid hormones, ox-
idative stress, and inflammation[J]. Mediators Inflamm, 2016, 2016: 6757154.
DOI: 10.1155/2016/6757154.

[22] ZHANG F, TENG WP. The effect of triiodothyronine on the heart: a brief
review[J]. Chinese Journal of Endocrinology and Metabolism, 2022, 38(8): 695-
699.

Received: February 15, 2023
Revised: April 23, 2023

chinarxiv.org/items/chinaxiv-202305.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-202305.00138

ChinaRxiv [$X]

Edited by: ZOU Lin
Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202305.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-202305.00138

	Correlation Between Serum Thyroid Hormone Levels and In-Hospital Prognosis in Patients with Heart Failure (Postprint)
	Abstract
	Full Text
	Relationship between Serum Thyroid Hormone Levels and Prognosis during Hospitalization in Heart Failure Patients
	Abstract

	Introduction
	Methods
	Study Population
	Data Collection
	Definitions and Diagnostic Criteria
	Grouping
	Statistical Analysis

	Results
	Comparison of Baseline Characteristics
	Thyroid Function Status
	Multivariate Logistic Regression Analysis
	Predictive Value of Age, FT3, TT3, TSH, and rT3

	Discussion


