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Hormones and Heart  

ÂWhat is the relationship of CVD and the 
endocrine system?  

ÂWhat is the relationship of Testosterone 
and Estrogen to CVD?  

Â Are there a sexually dimorphic 
cardiovascular effects of Testosterone and 
Estrogen?   

ÂGender Specific Medicine?  

Â  How are Thyroid, DHEA and Melatonin 
related to CVD?  



Hormones and the Heart  

ÂWhat about acute and chronic 
treatment of cardiovascular disease 
with hormones?  

ÃRight now  

ÃThe future  



Testosterone in men  

 



T and cardiovascular risk in men  

Â The lower the free T the more likely coronary 
artery disease  

Â T improves exercise induced ST depression  

ÂDilates coronary arteries  

Â Effects on lipids variable, most current studies 
show no change with TRT  

Â Low T associated with dyslipidemia  

Â Improves body composition and insulin 
resistance and metabolic syndrome  

Â Improves inflammation, CRP and inflammatory 
cytokines  

Â Improves CHF  



T and CV mortality  

Â Low T group > 2 X all - cause and CV 
mortality.  
 
 
 

ÂHaring R et al. Low serum testosterone 
levels are associated with increased risk of 
mortality in a population -based cohort of 
men aged 20 -79 . Eur Heart J . 2010 
Jun;31(12):1494 -501.  



High T = Low Mortality  

Â 10 year prospective study  

Â 11,606 men ï 40 -79 years old  

ÂHigh Endogenous T = low mortality from CV 
disease and cancer  

Â Low T predicts CV disease  

ÂHigh T = no increase in Prostate Cancer  

ÂñParadoxicallyò fear of Prostate Ca has keep 
men from T treatment  

Â Khaw KT. et al. Endogenous testosterone and mortality due to 
all causes, cardiovascular disease, and cancer in men. 
Circulation.  2007;116:2694 -2701  

 



Â41% decrease in chance of dying in 
men with T >564 compared to 350  

ÂFor each increase in 173, chance of 
dying went down 14%  

ÂExtrapolating:  

ÂComparing T 300 to 1000  

Â57% decrease in chance of dying  

ÂThis study was of endogenous T not 
treatment  





Testosterone Reduces 
Angina  

Â Exercise induced myocardial ischemia reduced  

Â Significant Improvements in pain perception 
and role limitation from physical problems  

ÂNo change in lipids, coagulation, hemoglobin  

Â 5 mg patch used, androgen levels doubled  

Â English KM et al.  Low -dose transdermal testosterone 
therapy improves angina threshold in men with chronic 
stable angina : A randomized, double -blind, placebo -
controlled study. Circulation  2000 Oct 17;102 
(16):1906 -11  

 

 



Long term benefits of TRT on 
angina and atheroma in men  

ÂConclusion -  the protective effects of 
testosterone on myocardial ischemia 
maintained for 12 months in study.  

ÂNo adverse effects on cholesterol or PSA.  

 

 

ÂChanner, K et al. Long term benefits of 
testosterone replacement therapy on 
angina threshold and atheroma in men. Eur 
J Endocrinol.  2009 Sep;161(3)443 -9 



T and cardiac ischemia in men with 
CAD 

Â Anti -Anginal treatment withdrawn  
Â Placebo controlled  
Â IV T 2.5 mg  
Â Bruce protocol stress tests  
Â Increased time to ST depression  
Â Less chest pain  

 
ÂRosano GM et al. Acute anti - ischemic effect of 

testosterone in men with coronary artery 
disease. Circulation  1999 Apr 6;99(13):1666 -
70  
 
 



ÂImproved exercise induced 
myocardial ischemia  

ÂDirect coronary relaxing effect  

ÂNot due to changes in serum 
E1 or E2  

ÂVascular effects of hormones 
may be different in the 2 sexes  

 

 





T and Coronary Blood Flow  

I̧ntracoronary injection of T at 
physiological concentrations in men 
with established CAD  

¸Coronary artery dilation  

I̧ncreased coronary blood flow  
 

Â Webb CM  et al.  Effects of testosterone on coronary 
vasomotor regulation in men with coronary heart 
disease. Circulation . 1999 Oct 19;100(16):1690 -6.  
 



Low T More Atherosclerosis  

Â Independent inverse association between levels 
of testosterone and aortic atherosclerosis in 
men  
 

Â A. Elisabeth Hak et al.  Low Levels of 
Endogenous Androgens Increase the Risk of 
Atherosclerosis in Elderly Men: The Rotterdam 
Study. The Journal of Clinical Endocrinology & 
Metabolism  Vol. 87, 2002, No. 8 3632 -3639  
 



T and Atherosclerosis  

 

Â T and Free T inversely correlated with 
carotid IMT and Plaque score  

ÂDiscussion: Men with low T ï Syndrome X  

Â Fukui, M et al. Association between serum 
testosterone concentration and carotid 
atherosclerosis in men with type 2 
diabetes. Diabetes Care 26:1869 ï1873, 
June, 2003  

 



The Progress of Atherosclerosis 
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Testosterone Undeconoate and 
CV risk in metabolic syndrome  

Â Reduced Glucose, waist circumference, improved 
markers of atherosclerosis  

Â Improved insulin sensitivity, CIMT, CRP  

Â Maintenance of T levels in normal range of young 
adults reduced CV risk factors without 
hematological and prostate adverse events.  

 

Â Aversa A et al.  Effects of Testosterone 
Undecanoate in Middle -Aged Men with Late -Onset 
hypogonadism and metabolic syndrome: results 
from a 24 month Randomized, Double blind, 
Placebo -Controlled Study. J Sex Med  2010 July 14.  



Adverse effects of Testosterone 
treatment on older men  

Â In older men with decreased mobility and chronic 
disease, testosterone gel treatment was associated 
with increased adverse cardiovascular events.  

Â Improvement in mobility and strength noted  

Â Estradiol not reported or optimized  

Â Limited small study  

 

 

Â Basaria S et al. Adverse events associated with 
Testosterone Administration.  NEJM June 2010  



T replacement and 
inflammation  

Â Less inflammatory cytokines TNF, IL -1beta  
ÂMore anti - inflammatory cytokines  IL -10  
Â Lower total cholesterol  

 
ÂMalkin CJ et al. The effect of testosterone 

replacement on endogenous inflammatory 
cytokines and lipid profiles in hypogonadal 
men J Clin Endocrinol Metab . 2004 
Jul;89(7):3313 -8.   

ÂMalkin CJ et al. Testosterone replacement in 
hypogonadal men with angina improves 
ischaemic threshold and quality of life.  
Heart . 2004 Aug;90(8):871 -6.  
 





Testosterone and HDL  
Â Treatments with supraphysiological doses seem 

detrimental in animal models and men.  
Â On the other hand, cross -sectional, prospective and 

angiographic studies find an inverse, favorable 
relationship between plasma testosterone and 
cardiovascular events.  

Â Testosterone decreases LDL - cholesterol without 
adversely affecting HDL cholesterol  

Â Improves insulin sensibility and the 
thrombotic/fibrinolytic balance  

Â Testosterone does not negatively influence the 
inflammatory response and arterial wall vasoreactivity.  

Â These findings provide a measure of reassurance 
concerning potential adverse heart effects of 
testosterone substitutional therapy in older men  

Â Vigna GB et al. Testosterone replacement, cardiovascular system 
and risk factors in the aging male.  J Endocrinol Invest . 2005;28(11 
Suppl Proceedings):69 -74  



Â Androgen effects on plasma HDL -C depend on 
the dose, type and route of administration  

Â Supraphysiological doses of androgens, 
especially orally decrease plasma HDL -C levels  

ÂNonaromatizable androgens such as stanozolol 
are administered, the response is a marked 
reduction in HDL -C and a significant increase in 
LDL-C levels.  

Â Placebo -controlled -  older men, physiological T 
replacement had minimal or no effect on 
plasma HDL -C levels  

Â Atam B  et al. The Effects of Varying Doses of T on 
Insulin Sensitivity, Plasma Lipids, Apolipoproteins, and 
C-Reactive Protein in Healthy Young Men The Journal 
of Clinical Endocrinology & Metabolism  Vol. 87, No. 1 
136 -143  
 



T and Atherosclerosis  
Â Inflammation plays a central pathogenic role in 

the initiation and progression of coronary 
atheroma and its clinical consequences.  

Â Platelet adhesion and thrombus formation then 
occur, resulting clinically in unstable angina or 
myocardial infarction.  

ÂCytokines are pathogenic, contributing directly 
to the disease process.  

Â An anti - inflammatory effect of normal 
physiological levels of sex hormones may, 
therefore, be important in atheroprotection.  

Â Malkin CJ et al. Testosterone as a protective factor 
against atherosclerosis -- immunomodulation and 
influence upon plaque development and stability. J 
Endocrinol . 2003 Sep;178(3):373 -80.   



T and sIL -6 inverse correlation  

ÂMaggio M et al. Correlation between 
testosterone and the inflammatory 
marker soluble interleukin -6 receptor 
(sIL -6r) in older men. J Clin Endocrinol 
Metab . 2005 Nov 1  



T improves cardiac function  

ÂLow T has adverse effect on 
atherosclerosis and  may explain the 
higher incidence of coronary heart 
disease in the male  

ÂVasodilates  
Â Improves exercise tolerance  
Â Improves angina threshold  
ÂChanner KS, Jones TH Cardiovascular 

effects of testosterone: implications of 
the "male menopause"? Heart.  2003 
Feb;89(2):121 -2.   



T and carotid atherosclerosis  

ÂMiddle -aged men with symptoms of 
andropause, together with absolute or 
compensated (as reflected by high normal to 
elevated LH) testosterone deficiency, show 
increased carotid IMT  

ÂCarotid atherosclerosis  
ÃLow T  
ÃHigh LH even with normal T  
ÃNot related to E2  
 

ÂMakinen et al. Increased carotid atherosclerosis 
in andropausal middle -aged men. J Am Coll 
Cardiol . 2005 May 17;45(10)  



T and severe heart failure  
ÂCHF 

ÂMaladaptive and prolonged neurohormonal 
and pro - inflammatory cytokine activation  

ÂMetabolic shift favoring catabolism, 
vasodilator incapacity, and loss of skeletal 
muscle bulk and function  

ÂMalkin CJ et al. Testosterone therapy in 
men with moderate severity heart failure: a 
double -blind randomized placebo controlled 
trial. Eur Heart J.  2005 Aug 10  





CHF -  Malkin  

ÂAndrogens are important determinants of 
anabolic function and physical strength 
and also possess anti - inflammatory and 
vasodilatory properties.  

ÂFunctional capacity significantly improved  

 



ÂFrancomano D et al . Cardiovascular 
effect of testosterone replacement 
therapy in aging male. Acta Biomed . 
2010;81 Suppl 1:101 -6.  



2D:4D  



Â The ratio of the lengths of the 2nd and 4th digit 
(2D:4D) is negatively related to prenatal and adult 
concentrations of testosterone  

Â Ring > Index = higher T  

Â Men with low 2D:4D are older at first MI than men with 
high 2D:4D  

Â Men with coronary artery disease have lower T levels 
than men with normal angiograms.  

Â Predisposition for men towards CHD via 2D:4D as 
proxy to early sex -steroid exposure.  

 

 

Â Fink B et al. The 2nd -4th digit ratio (2D:4D) and neck 
circumference: implications for risk factors in coronary 
heart disease . Int J Obes  (Lond).2006 Apr;30(4):711 -4  

http://www.ncbi.nlm.nih.gov/entrez/utils/lofref.fcgi?itool=AbstractPlus-def&PrId=3094&uid=16261185&db=pubmed&url=http://dx.doi.org/10.1038/sj.ijo.0803154


Low T in women  

Â Low baseline T in women associated with 
increased all cause mortality and CV 
events independent of other risk factors.  
 

ÂMantzoros C et al.  Low Testosterone 
levels predict all cause mortality and 
cardiovascular events in women; a 
prospective cohort study in German 
primary care patients. Eur J Endocrinol . 
2010 August 4  



Testosterone  

Â Present use:  

Ã  Keep levels in youthful range to prevent CV 
disease and Syndrome X  

ÃTreat CHF with T if T not in youthful range  

ÃExtra dose of T for chest pain  

ÃTake it easy on aromatase inhibition  

 

Â Future use:  

ÃAcute MI:  IV or Intracoronary Testosterone  



Growth Hormone  

 



GH RT for AGHD  

Â Improves CV function  
Â Improves lipid profile?  
ÂReverses atherosclerosis  
ÂReduced carotid intima thickness  
Â Improves dilated cardiomyopathy  
Â Increases EF  
ÂDecreases Inflammation  

 
Gibney et al.  The effects of 10 years of GH in adult GH 
deficient patients. J Endocrin Metab  1999 August  
 



GHD -  increased cardiovascular risk  
 

ÂAbnormal body composition,  
ÂUnfavorable lipid profile  
Â Increased fibrinogen  
Â Increased C - reactive protein levels  
Â Insulin resistance  
ÂEarly atherosclerosis  
ÂEndothelial dysfunction  
Â Impaired left ventricular (LV) 

performance  
ÂColao A et al. Beginning to end: Cardiovascular 

implications of growth hormone (GH) 
deficiency and GH therapy. Growth Horm IGF 
Res. 2006 May 9  
 



Growth Hormone Treatment 
in Dilated Cardiomyopathy  

ÂDouble blind, placebo controlled  
Â 2 IU/day x 12 weeks  
ÂGH induced increase in IGF -1 predicted 

change in ejection fraction  
Â IGF-1  increase > 80 pg/mL  caused notable 

improvement in ejection fraction ï 5%  
 

Â Perrot, A. et al. Growth Hormone Treatment 
in Dilated Cardiomyopathy J Card. Surg  
2001;16:127 -131  



IGF-1 increase  

<80 

IGF-1 increase 

>80 



GH improves ischemic 
cardiomyopathy  

Â2 IU/day x 3 months  
ÂSignificant improvement in 

hemodynamics and clinical 
function  
ÂNo adverse effects  
ÂGenth -Zotz S et al. Recombinant growth 

hormone therapy in patients with ischemic 
cardiomyopathy : effects on hemodynamics, 
left ventricular function, and cardiopulmonary 
exercise capacity. Circulation.  1999 Jan 5 -
12;99(1):18 -21.  



GH and Atherosclerosis  
ÂGH normalized Intima Media thickness of 

carotid artery (IMT) by 3 months 
improvement continued 18 months  

Â IMT negatively correlated with IGF -1 
ÂNo significant change in lipids  
ÂDirect effect on arterial wall via NO?  

 
Â Pfeifer M et al. Growth Hormone (GH) Treatment 

Reverses Early atherosclerotic Changes in GH -Deficient 
Adults J Clin Endocrinol Metab 84: 453 ï457, 1999  

Â Borson -Chazot F. et al. Decrease in Carotid Intima -
Media Thickness after One Year Growth Hormone (GH) 
Treatment in Adults with GH Deficiency J Clin 
Endocrinol Metab 84: 1329 ï1333, 1999  



ÂCastellano G et al. The GH/IGF - 1 
Axis and Heart Failure. Curr 
Cardiol Rev. 2009 Aug;5(3):203 -15.  



GH and the HEART  
Â Improves cardiac performance   

ÃIncreases contractility and cardiac output  

ÃImproves cardiac function in dilated 
cardiomyopathy  
ÂFazio et al.  A prelimiary study of GH in the 

treatment of dilated cardiomyopathy. NEJM 
1996:334:809 -814  

Â Isgaard J et al.  GH improves cardiac function in 
rats with experimental MI.  Eur J Clin Invest  
1997;27:517 -525  

ÂTivesten, AThe Growth Hormone Secretagogue  
Hexarelin Improves Cardiac Function in  Rats after 
Experimental Myocardial Infarction. 
Endocrinology , January 2000, p. 60 -66 Vol. 141, 
No. 1  



GH and Refractory  
 Heart Failure  

ÅGH Rx increased  

ÂGH level  

ÂIGF-1 

ÂEjection fraction 13% to 28%  

ÂDobutamine discontinuted  
ÅBocchi EA et al. Growth hormone for optimization of 

refractory heart failure treatment. Arq Bras Cardiol  
1999 Oct;73(4):391 -8 



GH and Homocysteine  
ÂHC Decreased in GH treated 

(average 1.2 µmol/L, p = .047)  
ÂChanges  in HC were negatively 

correlated with changes in  IGF- I.  

Ã Not with folate, vitamin B12, 
total T 3, C - reactive protein, 
interleukin -6,  or insulin  levels.  

Â Sesmilo G. et al. Effects of GH 
Administration on Homocysteine Levels in 
Men with GH Deficiency: A Randomized 
Controlled Trial. The Journal of Clinical 
Endocrinology & Metabolism  Vol. 86, No. 4 
1518 -1524, 2001  



GH and coronary 
inflammation  

ÂGH deficient adults have increased CV mortality  
Â Inflammatory markers are predictive of CV 

events  
ÂC-Reactive Protein increased in GH deficiency  
ÂWith GH Replacement therapy  

ÃC Reactive protein decreased  

ÃVisceral and Subcutaneous fat decreased  

ÃNo change in cholesterol, HDL  
Â Sesmilo G   et al. Effects of growth hormone 

administration on inflammatory and other 
cardiovascular risk markers in men with growth 
hormone deficiency. A randomized, controlled clinical 
trial. Ann Intern Med  2000 Jul 18;133(2):111 -22   



Inflammation Decreases GH  

ÂGH decreases inflammation and 
inflammation induces GH 
insensitivity  

ÂLess IGF -1 production  

 
ÂWang P et al. The role of endotoxin, TNF -alpha, 

and IL -6 in inducing the state of growth 
hormone insensitivity. World J Gastroenterol  
2002 Jun;8(3):531 -6 



Inflammatory Cytokines 
decreased IGF -1 

ÂGrowth hormone (GH) and insulin - like growth 
factor (IGF) - I are potent regulators of muscle 
mass in health and disease  

Â Inflammation, TNF alpha produce catabolism 
thru inhibition of IGF -1 
 

Â Lang CH et al. Cytokine inhibition of JAK -STAT 
signaling: a new mechanism of growth 
hormone resistance. Pediatr Nephrol . 2004 Nov 
10  



GH, Heart Failure, 
Inflammation  

Â Proinflammatory cytokines contribute to chronic 
heart failure.  

Â 4 IU GH every other day  

Â Significant Decrease in TNF alpha and IL -6 

Â Significant clinical improvement and exercise 
capacity improvement  

Â Adamopoulos S et al. Growth hormone administration 
reduces circulating proinflammatory cytokines and 
soluble Fas/soluble Fas ligand system in patients with 
chronic heart failure secondary to idiopathic dilated 
cardiomyopathy. Am Heart J  2002 Aug;144(2):359 -64  



IGF-1 and the heart  

ÅImproves cardiac contractility, cardiac 
output, stroke volume, ejection fraction.  

ÅImproves cardiac function after myocardial 
infarction by stimulating contractility and 
promoting tissue remodeling.  

ÅFacilitates glucose metabolism, lowers insulin 
levels, increases insulin sensitivity, and 
improves the lipid profile  

Â Ren J et al.  Insulin - like growth factor I as a cardiac 
hormone: physiological and pathophysiological 
implications in heart disease.  J Mol Cell Cardiol  1999 
Nov;31(11):2049 -61  



Lower IGF -1 = More CV disease  
ÂRisk of IHD increased 38% for every 40 

ng/dl decrease of IGF -1 
Â3 x higher with lowest IGFBP -1 
Â IGF-1 stimulates NO production and 

increases blood flow  
ÂPatients with GH deficiency have 

premature atherosclerosis  
Â Laughlin GA et al. The prospective association 

of serum insulin - like growth factor I (IGF - I) 
and IGF -binding protein -1 levels with all cause 
and cardiovascular disease mortality in older 
adults: the Rancho Bernardo Study.  
J Clin Endocrinol Metab . 2004 Jan;89(1):114 -
20.   



IGF-1 and EPCôs 

Â IGF-1 Mediates the Effects of GH Treatment on 
EPC Number and Function in Aged Mice  

Â IGF-1 Improves Differentiation and Function of  
 EPC From Young and Elderly Individuals via the  
 IGF-1 Receptor  
Â IGF-1 Impacts EPC Cellular Senescence and 

Telomerase Activity  
 

Â Thum, T et al. Age -Dependent Impairment of 
Endothelial Progenitor Cells Is Corrected by Growth 
Hormone Mediated Increase of Insulin -Like Growth 
Factor -1. Circulation Research February 16, 2007  
 
 



GH -  Cardiovascular  
Â AGHD:  
ÃAtherogenic lipid profile  
Ã Insulin resistance  
ÃObesity  
Ã Increased body and trunk fat  

Â Higher risk of cardiovascular disease  
Â GHD adults should receive human recombinant GH 

along with conventional replacement therapy.  
Â This may be a useful method in protecting against early 

onset of atherosclerosis, metabolic disturbances, and 
osteoporosis, especially in young patients.  
 

Â Bohdanowicz -Pawlak A et al. Risk factors of 
cardiovascular disease in GH -deficient adults with 
hypopituitarism: a preliminary report. Med Sci Monit. 
2006 Feb;12(2):CR75 -80.  



GHD and CV  
Â Abnormal body composition  

ÂUnfavorable lipid profile  

Â Increased fibrinogen and C - reactive protein  

Â Insulin resistance  

Â Early atherosclerosis  

Â Endothelial dysfunction  

Â Impaired left ventricular (LV) performance  

Â Long - term GH replacement therapy reverses 
these abnormalities.   

Â Colao A et al. Beginning to end: Cardiovascular implications of 
growth hormone (GH) deficiency and GH therapy. Growth Horm 
IGF Res. 2006 Jul;16 Suppl:41 -8.  

 



GH and AMI  
Â Experimental MI pigs  
ÂGH intracoronary 1 IU/kg  
ÂGrowth hormone - treated animals displayed 

lower heart weight  
ÂCONCLUSION: Intracoronary administration of 

growth hormone attenuates left and right 
ventricular remodeling by enhancing 
angiogenesis in infarct zone  
 
 

Â Mitsi AC et al. Early, intracoronary growth hormone 
administration attenuates ventricular remodeling in a 
porcine model of myocardial infarction. Growth Horm 
IGF Res . 2006 Apr;16(2):93 -100.  



GH and AMI and LV remodeling  
Â LV remodeling after MI may lead to 

congestive heart failure, disability and death.  
Â It consists of expansion of the infarct zone 

and dilatation of the non - infarcted 
myocardium, causing shape distortion and 
ventricular enlargement.  

Â Treatment with GH stimulates cardiac repair, 
and possibly enhanced proteinosynthesis.  

Â Ameliorates the process of LV remodeling.  
ÂGH is delivered selectively in the infarct area, 

during the early phase of acute MI produces 
beneficial effects.  

Â Mitsi AC et al. Early, selective growth hormone administration 
may ameliorate left ventricular remodeling after myocardial 
infarction. Med Hypotheses . 2005;64(3):582 -5.   

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3048&uid=15617872&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0306-9877%2804%2900464-5


Growth Hormone  
Â Present use:  

ÃTreat AGHD with GH to prevent cardiovascular 
complications  

ÃLook for AGHD especially in patients with history of 
traumatic brain injury or subarachnoid hemorrhage  

ÃTreat cardiomyopathy with appropriate low dose GH  

Â Future use:  

ÃTreat declining GH and IGF -1 levels and mild AGHD 
with GH to present cardiovascular complications  

ÃTreat CHF with GH with attention to fluid status  

Ã Intracoronary GH for AMI  

 
 



Thyroid  

 



Thyroid -  cardiovascular  
ÂT3 
Â Increases cardiac contractility  
ÂDecreases systemic vascular resistance  
ÂCardiac disease associated with low T3 

syndrome  
ÂPatients with CHF may benefit from T3 

replacement  
 

ÂDanzi S and Klein I. Thyroid hormone and the 
cardiovascular system. Minerva Endocrinol . 
2004 Sep;29(3):139 -50.   

http://www.ncbi.nlm.nih.gov/entrez/utils/lofref.fcgi?itool=AbstractPlus-def&PrId=3310&uid=15282446&db=pubmed&url=http://www.minervamedica.it/index2.t?show=R07Y2004N03A0139


Symptoms and Signs of low T3 
in Cardiovascular disease  

 

ÂBradycardia, narrowed pulse 
pressure, diastolic hypertension most 
common  

ÂDyslipidemia  

ÂEndothelial dysfunction  

ÂElevated CRP and homocysteine  

 

 



Potential role of T3 in Rx of 
CHF 

 ÂSynergistic effect with other treatments  
 

ÂShortens QT interval ï potentially anti -
arrhythmic  
 

Â Improved cognitive and neuropsychiatric 
parameters  

 

ÂCurrent data supports safety and lack of 
untoward effects  
 





Â30% of patients with CHF -  low T3 
syndrome  

Â Increased cytokine levels impair D1  

ÂT4 treatment not effective in this setting  

ÂT3 treatment needed  

ÂDanzi S et al. Potential uses of T3 in the 
treatment of human disease . 
Clin Cornerstone . 2005;7 Suppl 2:S9 -15.  

 

T3 in CHF  



Treatment of  Dilated Cardiomyopathy 
and CHF with IV T3  

ÅIV T3 to maintain fT3 in normal range  

ÅfT3 increased and stayed within normal range  

ÅNo side effects, no arrhythmias  

ÅHeart rate decreased  

ÅBNP improved  

ÅImproved ventricular performance  

 

Pingitore A et al. Acute effects of triiodothyronine (t3) 
replacement therapy in patients with chronic heart 
failure and low - t3 syndrome: a randomized, 
placebo -controlled study.  J Clin Endocrinol Metab . 
2008 Apr;93(4):1351 -8 



Thyroid and CRP  

ÂHypothyroidism is associated with 
premature atherosclerosis and 
cardiovascular disease  

ÂCRP values increase with progressive 
thyroid failure and may count as an 
additional risk factor for the development 
of coronary heart disease in hypothyroid 
patients  

Â Christ -Crain M et al. Elevated C - reactive protein and homocysteine 
values: cardiovascular risk factors in hypothyroidism? A cross -
sectional and a double -blind, placebo -controlled trial . 
Atherosclerosis  2003 Feb;166(2):379 -86  



Thyroid and Homocysteine  
ÂHomocysteine elevated in 

hypothyroid patients  
ÂMean, 16.3 micromol/L; 95% 

confidence interval [CI], 14.7 to 
17.9 micromol/L) than in healthy 
controls (mean, 10.5 
micromol/L; 95% CI, 10.1 to 
10.9 micromol/L).  

ÂNedrebo BG et al. Plasma total homocysteine 
levels in hyperthyroid and hypothyroid patients. 
Metabolism . 1998 Jan;47(1):89 -93.   



Thyroid hormones and coronary 
artery vasodilation  

Â T3 and T4 produces coronary artery 
vasodilation  

ÂNo effect from RT3  

ÅñOur results also suggest that thyroid 
hormones may play a role in preventing 
myocardial ischemia by inducing coronary 
artery vasodilation.ò 

Â Yoneda K et al. Direct effects of thyroid 
hormones on rat coronary artery: nongenomic 
effects of triiodothyronine and thyroxine. 
Thyroid  1998 Jul;8(7):609 -13  



T3 and  Tachyarrythmias  

 

ÂChronic CHF  

ÂV Tach associated with low T3  low ratio 
of T3/T4 and high reverse T3  

 

 
Â Shimoyama N et al. Serum thyroid hormone 

levels correlate with cardiac function and 
ventricular tachyarrhythmia in patients with 
chronic heart failure. J Cardiol  1993;23(2):  
205 -13  



Low fT3 predicts AF -CABG 

ÂLow fT3 predicts post op AF  p=.001  

 

ÂCerillo AG et al. Free Triiodothyronine: 
a novel predictor of postoperative atrial 
fibrillation. Eur J. Cardiothorac Surg  
2003 Oct, 24(4) 487 -92  



Low T3 and Death  
ÂLow T3    < 3.1 Free T3  
ÂLow -T3 syndrome is a strong 

predictor of death in cardiac 
patients and might be directly 
implicated in the poor prognosis 
of cardiac patients.  
ÂStrongest independent predictor 

of death > lipids or EF  
Â Iervasi, G et al. Low -T3 Syndrome, A Strong 

Prognostic Predictor of Death in Patients With 
Heart Disease Circulation.  2003;107:708  



Reverse T3 and AMI mortality  

Â Elevated rT3 = 3 x mortality if rT3 > .41 
nmol/L = 27 ng/dl  
 

Â To convert triiodothyronine (T3) and reverse 
(r)T3 to ng/dl, multiply by 65.1.  
 
 

Â Friberg L et al. Association between increased 
levels of reverse triiodothyronine and mortality 
after acute myocardial infarction. Am J Med.  
2001 Dec 15;111(9):699 -703.   

http://www.ncbi.nlm.nih.gov/entrez/utils/lofref.fcgi?itool=AbstractPlus-def&PrId=3048&uid=11747849&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0002934301009809


Thyroid, Insulin, Endothelial  
 

ÂLower TSH and higher T4 associated 
with better Insulin Sensitivity, HDL and 
endothelial function  
 

Â Fernandez -  Real JM et al. Thyroid function is 
intrinsically linked to insulin sensitivity and 
endothelium -dependent vasodilation in 
healthy euthyroid subjects. J Clin Endocrinol 
Metab . 2006 Jun 27  



SCH and CV Risk  
Â Randomized, double blind cross over study with 100 

healthy patients  

Ã  weight loss with reduction in central adiposity,  

Ã  a favorable shift in lipoprotein pattern  

Ã  improvement in endothelial function  

Ã  reduced tiredness after treatment with 100 mcg  

   l- thyroxine for 12 weeks  

Â relative reduction in 10 -yr CV mortality of about 10%  

Â serum FT4 levels are the strongest correlate of changes  

 
Â Razvi, S et al. The Beneficial Effect of L -Thyroxine on 

Cardiovascular Risk Factors, Endothelial Function, and Quality of 
Life in Subclinical Hypothyroidism: Randomized, Crossover Trial. 
The Journal of Clinical Endocrinology & Metabolism  92(5):1715 ï
1723, May 2007  

 

 
 



ÂRazvi S. et al. The incidence of 
ischemic heart disease and mortality 
in people with subclinical 
hypothyroidism: reanalysis of the 
Whickham Survey cohort.  J Clin 
Endocrinol Metab . 2010 
Apr;95(4):1734 -40.  



Canaris GJ, et al. The Colorado thyroid 
disease prevalence study. Arch Intern Med. 
2000;160:526 -534.  

 

To convert 
mmol/L to 
mg/dl  

mult x 39  

Thyroid and Cholesterol 



Thyroid rebuilds heart after 
MI  

ÂMaladaptive cardiac remodeling 
takes place after acute MI  

 
  Pantos C et al. Rebuilding the post - infarcted 

myocardium by activating 'physiologic' 
hypertrophic signaling pathways: the thyroid 
hormone paradigm. Heart Fail Rev . 2008 Sep 5.  

  Pantos C et al. Thyroid hormone and "cardiac 
metamorphosis": potential therapeutic 
implications.  Pharmacol Ther . 2008 
May;118(2):277 -94.  

  Danzi S et al. Thyroid hormone treatment to mend 
a broken heart.  J Clin Endocrinol Metab . 2008 
Apr;93(4):1172 -4 
 



Post Ischemic Cardiac Remodeling  

Â Inflammatory cytokines (TNF alpha) + 
adrenergic signaling  induces fetal like myosin           
dysfunctional myocardium  

Â T3 prevents fetal - like pattern of myosin 
expression  

Â Post infarct heart rebuilt by preventing fetal 
myosin  

ÂWall tension and chamber geometry normalized  

ÂCellular effects: Positive inotrope, apoptosis 
limited  

 

 

 

 

 

 

 



Danzi  JCEM 4/2008 

Inflammatory Cytokines 

Increased Adrenergic 



SCH and EPCôs 

ÂEPC level with SCH low and improved 
with T4 treatment  

ÂShakoor SKA et al. Endothelial 
Progenitor Cells in Subclinical 
Hypothyroidism: The Effect of Thyroid 
Hormone Replacement Therapy. J Clin 
Endocrinol Metab , January 2010, 
95(1):319 ï322  



Thyroid  
Â Present use:  
ÃMeasure Free T3 and Reverse T3 in cardiac 

patients  

ÃDonôt be afraid of Optimizing thyroid 

ÃTreat mild hypothyroidism by optimizing free T3 
to reduce obesity and syndrome X, and lipids  

ÃOptimize Free T3 in CHF and all cardiac patients  

ÃDonôt rely on TSH, look at the patient, look at 
the active hormone T3  

Â Future use:  
Ã IV T3 in CHF, Acute MI  

ÃOptimize thyroid to help to optimize 
endogenous stem cell function  

 

 



Women: Estrogens and 
Progesterone  

 



Women and Estrogen -
Progesterone  

ÂCardiovascular disease is the leading cause of 
death among women in the U.S. > breast 
cancer mortality in women of all ages  

ÂWomen present with cardiovascular disease a 
decade after men  

Â Protective effect of female ovarian sex 
hormones is lost after menopause.  

ÂOuyang P et al. Hormone replacement therapy 
and the cardiovascular system lessons learned 
and unanswered questions. J Am Coll Cardiol. 
2006 May 2;47(9):1741 -53.  



 Ouyang P et al continued  

Â Animal and observational studies have shown 
beneficial effects of hormone therapy when it is 
initiated early in the perimenopausal period or 
before the development of significant 
atherosclerosis.  

 

Â Randomized, placebo -controlled trials in older 
women have not shown any benefit in either 
primary prevention or secondary prevention of 
cardiovascular events, with a concerning trend 
toward harm.   -  the WHI  

 



Some Problems with WHI  
ÂWrong Estrogen  
ÃPremarin is not a human hormone  
ÃMostly Equillin  
ÃLow Estradiol (E2)  
ÃNo Estriol       (E3)  

ÂWrong ñProgesteroneò 
ÃProvera blocks progesterone receptors and is 

not a human hormone.  MPA reverses benefits 
of E2  

ÂWrong route  
ÃOral Estrogens increase inflammation  

ÂWrong women  
ÃOlder with established CV disease  

 



Problems with WHI  
ÂWomen Ages 50 -79 years, mean 63.2 years  
ÃPredisposed to coronary and cerebral 

atherosclerosis  
ÂUntested regimen of CEE and MPA  
ÂMajor design flaws  
Â Breast cancer takes 7 -10 years to develop  
ÂMany patients already had Subclinical breast 

cancer  
ÂMost studies show all cause mortality lower on 

women on HRT  
Â Klaiber EL et al. A critique of the Women's 

Health Initiative hormone therapy study. Fertil 
Steril . 2005 Dec;84(6):1589 -601.  



Hormone Therapy and CHD 
(Nurses)  

ÂWHI and observational studies ï 
different conclusions  with HT and CHD  

ÂBeginning HT near menopause had a 
significantly reduced risk of CHD (RR = 
0.66) for estrogen alone, RR = 0.72, 
estrogen with progestin).  
 

Â Grodstein F et al. Hormone Therapy and Coronary 
Heart Disease: The Role of Time since Menopause and 
Age at Hormone Initiation. Womens Health  (Larchmt). 
2006 January/February;15(1)  



ÂThe subgroup of women demographically 
similar to those in the WHI  

ÂNo significant relation between HT and 
CHD among women who initiated therapy 
at least 10 years after menopause (RR = 
0.87 for estrogen alone; RR = 0.90, for 
estrogen with progestin).  

 
Â Grodstein F et al. Hormone Therapy and Coronary Heart Disease: 

The Role of Time since Menopause and Age at Hormone Initiation. 
Womens Health  (Larchmt). 2006 January/February;15(1)  



Oral vs. Transdermal 
Estrogens  

ÂOral Estrogens (especially Premarin) increase 
inflammation as measured by CRP  

Â Transdermal Estrogens do not  

ÂDecensi A  et al. Effect of transdermal estradiol 
and oral conjugated estrogen on C - reactive 
protein in retinoid -placebo trial in healthy 
women Circulation  2002 Sep 3;106(10):1224 -8 



Transdermal E2 decreases IL -6 
TNFalpha, IL -1 etc  

ÂResponse to low dose endotoxin  

ÂInflammatory cytokines implicated in 
autoimmune, cardiovascular, 
osteoporosis, Alzheimerôs 

ÂE2 may protect above diseases  
Â Puder JJ et al. Estrogen modulates the hypothalamic -

pituitary -adrenal and inflammatory cytokine responses 
to endotoxin in women.  
Clin Endocrinol Metab . 2001 Jun;86(6):2403 -8.   



Wyeth website on Premarin  

ÂñObtained exclusively from natural 
sources  

Â Blended to represent the average 
composition of material derived from  
pregnant mares urine.  

Â estrone  
Â equillin  
Â 17 alpha -estradiol  
Â equilenin  
Â17 alphadihydroequileninò 



Estradiol and 2 -MethoxyEstradiol 
(2ME2)  

 



E2 protects thru 
Methoxyestradiols  

ÂPremenopausal women protected against 
cardiovascular and renal disease  

ÂWHI shows no protection, even worse  
ÂWhy ñstriking disconnectò between basic 

science and animal studies who 
consistently show CV protection?  
 

ÂDubey, RK et al. Cardiovascular Pharmacology 
of Estradiol Metabolites. The Journal of 
Pharmacology and Experimental Therapeutics . 
308:403 ï409, 2004  

 



ÂCatecholestradiols and Methoxyestradiols, 
not activation of the nuclear ER confer 
protection  

ÂCEE (Premarin) contains little estradiol  

ÂExplains why premenopausal women 
protected but not postmenopausal 
women on CEEôs 

ÂñOur studies suggest that HRT should 
replace the hormone that is missing 
instead of horse urineò 



ÂMetabolism of E2 by P450ôs and COMT confer 
protection  

ÂCatecholestradiols and Methoxyestradiols are 
inhibitors of vascular smooth muscle cell 
growth  

ÂDiet, drugs, stress and catechol production may 
alter enzyme activity and protection  

ÂGenetic differences in COMT may account for 
varied levels of protection  

Â 2-methoxyestradiol (2 -MeO-E2) decreases 
tumor growth, angiogenesis and growth of 
cancer cells  

Â 2-MeO-E2 has strong antiproliferative, 
apoptotic, and antiangiogenic action  

Â Liu ZJ et al. Selective insensitivity of ZR -75 -1 human breast 
cancer cells to 2 -methoxyestradiol: evidence for type II 
17beta -hydroxysteroid dehydrogenase as the underlying 
cause. Cancer Res . 2005 Jul 1;65(13):5802 -11.  



ÂñCatecholamines within the coronary arteries 
may abrogate the antivasoocclusive effects of 
estradiol by blocking the conversion of 
catecholestradiols to methoxyestradiols.  

Â The interaction between catecholamines and 
estradiol metabolism may importantly define 
the cardiovascular effects of estradiol therapy 
in postmenopausal women.ò 

Â Dubey RK et al. CYP450 -  and COMT -derived estradiol 
metabolites inhibit activity of human coronary artery 
SMCs. Hypertension.  2003 Mar;41(3 Pt 2):807 -13.  

Â Dubey RK et al. Catecholamines block the 
antimitogenic effect of estradiol on human coronary 
artery smooth muscle cells. J Clin Endocrinol Metab . 
2004 Aug;89(8):3922 -31.  



COMT  

CYP 1A1  



Transdermal E and CV  
ÂHypertension and CV disease increases 

dramatically after menopause implicating E as 
having protective role  

ÂDiscrepancy in large clinical trials  
ÂNegative results may be from study designs  
ÂOral E produces high concentrations in liver 

sinusoids (5x)  
ÂHepatic derived proteins changed (Acute phase 

proteins)  
Â Transdermal E ï no first pass effect  
ÂMenon DV et al. Effects of transdermal 

estrogen replacement therapy on 
cardiovascular risk factors.  
Treat Endocrinol . 2006;5(1):37 -51  



ÂOral E increases Acute Phase 
Proteins  

ÃCRP 

ÃSerum Amyloid A  






