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Double-blind, crossover, but not placebo-controlled: Desiccated thyroid extract or T3/T4 associations 

compared with levothyroxine treatments Double-blind randomized controlled trials with significant 
superior effects of T4-T3 versus T4 alone 

574. Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange AJ Jr. Effects of thyroxine as compared with thyroxine 
plus triiodothyronine in patients with hypothyroidism. N Engl J Med. 1999 Feb 11;340(6):424-9. Institute of 
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May;98(5):1982-90 (A Patients (n = 70, age 18-65 years) diagnosed with primary hypothyroidism, at the end of 
the study, 34 patients (48.6%) preferred desiccated thyroid extract (DTE), 13 (18.6%) preferred L-T₄, and 23 
(32.9%) had no preference.)  

 
Double-blind randomized controlled study with near significantly superior effects of T4-T3 versus T4 alone 
576. Bunevicius R, Jakubonien N, Jurkevicius R, Cernicat J, Lasas L, Prange AJ. Thyroxine vs thyroxine plus 

triiodothyronine in treatment of hypothyroidism after thyroidectomy for Graves’ disease. Endocrine. 2002 
Jul;18(2):129-33 (no significant differences were found on measures of mood, cognition, or physiologic variables 
between treatments, but symptoms of hypothyroidism and of hyperthyroidism tended to decrease on a standard 
symptom scale after combined treatment, mental state tended to improve on some mood scales) 

 
Double-blind randomized controlled trials with no superior significant effects of T4-T3 versus T4 alone, but 

more patients preferring T4/T3 than T4 alone 
577. Appelhof BC, Fliers E, Wekking EM, Schene AH, Huyser J, Tijssen JG, Endert E, van Weert HC, Wiersinga WM. 

Combined therapy with levothyroxine and liothyronine in two ratios, compared with levothyroxine monotherapy in 
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T4 alone treatment) 

578. Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM. Partial substitution of thyroxine (T4) with tri-
iodothyronine in patients on T4 replacement therapy: results of a large community-based randomized controlled 
trial. J Clin Endocrinol Metab. 2005 Feb;90(2):805-12. University of Bristol, Whitson Street, Bristol BS1 3NY, 
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Non-randomized controlled trials with no superior significant effects of T4-T3 versus T4 alone, but more 

patients preferring T4/T3 than T4 alone 
579. Escobar-Morreale HF, Botella-Carretero JI, Gomez-Bueno M, Galan JM, Barrios V,  Sancho J.  Thyroid hormone 

replacement therapy in primary hypothyroidism: a randomized trial comparing L-thyroxine plus liothyronine with 
L-thyroxine alone. Ann Intern Med. 2005 Mar 15;142(6):412-24. (28 women with overt primary hypothyroidism 
(18/26 patients preferred the T3-T4 combinations, 2/26 the T4 alone treatment; open trial) 

 
Double-blind randomized controlled trial with no superior significant effects of T4-T3 versus T4 alone, but 

patients with T3-T4 kept a higher TSH (indicative of a too low dose) 
580. Walsh JP, Shiels L, Lim EM, Bhagat CI, Ward LC, Stuckey BG, Dhaliwal SS, Chew GT, Bhagat MC, Cussons 

AJ. Combined thyroxine/liothyronine treatment does not improve well-being, quality of life, or cognitive function 
compared to thyroxine alone: a randomized controlled trial in patients with primary hypothyroidism. J Clin 
Endocrinol Metab. 2003 Oct;88(10):4543-50. 

 
Double-blind randomized controlled trial with globally no superior significant effects of T4-T3 versus T4 

alone, except on one parameter where the patients onT4-T3 combinations did better: 
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Double-blind randomized controlled trials with no superior effects of T4-T3 versus T4 alone 
582. Siegmund W, Spieker K, Weike AI, Giessmann T, Modess C, Dabers T, Kirsch G, Sanger E, Engel G, Hamm 
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Aldosterone: 13 placebo-controlled trials – all in adults  
 
Healthy men: IV aldosterone produces acute cardiovascular (sympathetic) effects (first 45 min after injection) and 
delayed (5 ½ - 6 ½ h after) increased vagal tone (parasymathetic predominance) 
585. Schmidt BM1, Montealegre A, Janson CP, Martin N, Stein-Kemmesies C, Scherhag A, Feuring M, Christ M, 

Wehling M. Short term cardiovascular effects of aldosterone in healthy male volunteers. J Clin Endocrinol Metab. 
1999 Oct;84(10):3528-33. 

 
Healthy men: Aldosterone at 100 µg, tending to increase cardiac vagal activity and enhances the heart rate 

(tachycardia) response to diastolic blood pressure-reducing nitroprusside 
586. Heindl S, Holzschneider J, Hinz A, Sayk F, Fehm HL, Dodt C. Acute effects of aldosterone on the autonomic 

nervous system and the baroreflex function in healthy humans. J Neuroendocrinol. 2006 Feb;18(2):115-21. 
 
Healthy men: Aldosterone at 3 µg /min. rapidly impairs the baroreflex response, 
587. Schmidt BM, Horisberger K, Feuring M, Schultz A, Wehling M.  Aldosterone blunts human baroreflex sensitivity 

by a nongenomic mechanism. Exp Clin Endocrinol Diabetes. 2005 May;113(5):252-6. (tachycardic response to 
arterial baroreceptor deactivation was more pronounced in the aldosterone experiments  

 
Healthy men: Aldosterone (+7.6%) increases blood flow by increasing NO release and at the vascular smooth 

muscle cells by promoting vasoconstriction of forearm arteries 
588. Romagni P, Rossi F, Guerrini L, Quirini C, Santiemma V. Aldosterone induces contraction of the resistance 

arteries in man. Atherosclerosis. 2003 Feb;166(2):345-9. 
589. Schmidt BM, Oehmer S, Delles C, Bratke R, Schneider MP, Klingbeil A, Fleischmann EH, Schmieder RE. Rapid 

nongenomic effects of aldosterone on human forearm vasculature. Hypertension. 2003 Aug;42(2):156-60.  
 
Healthy men: IV aldosterone rapidly attenuated endothelium-dependent vasodilatation to acetylcholine (-28% less 

vasodilatation) 
 
Healthy men: Aldosterone increases phosphocreatine recovery in muscles to significantly higher levels immediately 

after isometric contraction within 8 min of aldosterone administration 
590. Zange J, Müller K, Gerzer R, Sippel K, Wehling M. Nongenomic effects of aldosterone on phosphocreatine 

levels in human calf muscle during recovery from exercise. J Clin Endocrinol Metab. 1996 Dec;81(12):4296-300. 
591. Christ M1, Zange J, Janson CP, Müller K, Kuklinski P, Schmidt BM, Tillmann HC, Gerzer R, Wehling M. Hypoxia 

modulates rapid effects of aldosterone on oxidative metabolism in human calf muscle. J Endocrinol Invest. 2001 
Sep;24(8):587-97. 

 
Healthy men: IV aldosterone at 500 µg (pharmacological dose) slightly reduces glomerular filtration rate and with 

inhibition of nitric oxide synthase reduces renal blood flow, triggering a mechanism for increases in blood 
pressure 

592. Schmidt BM, Sammer U, Fleischmann I, Schlaich M, Delles C, Schmieder RE. Rapid nongenomic effects of 
aldosterone on the renal vasculature in humans. Hypertension. 2006 Apr;47(4):650-5.  

 
Healthy men: Aldosterone reduces the excretion of sodium and chloride and increases excretion of potassium and 

(net) acid in the urine 
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Healthy men: no obvious effect on sleep of aldosterone 
594. Born J, Zwick A, Roth G, Fehm-Wolfsdorf G, Fehm HL. Differential effects of hydrocortisone, fluocortolone, and 

aldosterone on nocturnal sleep in humans. Acta Endocrinol (Copenh). 1987 Sep;116(1):129-37. 
 
Patients with disease 
 
Orthostatic hypotension: Aldosterone reduces orthostatism 
595. Ditzel J, Hansen PH, Kemp E, Lindbjerg IF. Effect of aldosterone on orthostatic circulatory failure. Acta Med 

Scand. 1964 Jun;175:673-80. 
 
Suspected coronary heart disease: IV aldosterone at supraphysiological dose (1 mg) increases systemic vascular 

resistance, cardiac output, and cardiac index withn 3 minutes, effect disappeared within 10 min. 
596. Wehling M1, Spes CH, Win N, Janson CP, Schmidt BM, Theisen K, Christ M. Rapid cardiovascular action of 

aldosterone in man. J Clin Endocrinol Metab. 1998 Oct;83(10):3517-22. 
 
Supraventricular arrhythmias: IV aldosterone increases monophasic action potential duration within minutes in 

patients 
597. Tillmann HC1, Schumacher B, Yasenyev O, Junker M, Christ M, Feuring M, Wehling M. Acute effects of 

aldosterone on intracardiac monophasic action potentials. Int J Cardiol. 2002 Jul;84(1):33-9 
 
 
 
Fludrocortisone treatment: 19 placebo-controlled studies – 17 in adults 
 
Healthy adults 
 
Young healthy women: Fludrocortisone treatment produces significant suppression of CRH secretion, trend to 

significant reduction of secretion of ACTH and cortisol secretion from dose 75 µg/day on  
598. Karamouzis I, Berardelli R, Marinazzo E, D'Angelo V, Zinnà D, Minetto MA, Zichi C, Fussotto B, Giordano R, 

Ghigo E, Arvat E. The acute effect of fludrocortisone on basal and hCRH-stimulated hypothalamic--pituitary—
adrenal (HPA) axis in humans. Pituitary. 2013 Sep;16(3):378-85.  

 
Healthy adults: Fludrocortisone treatment produces significant effects on pituitary- adrenal axias, arterial tone and 

intestinal sodium excretion  
599. Laviolle B, Donal E, Le Maguet P, Lainé F, Bellissant E. Low doses of fludrocortisone and hydrocortisone, alone 

or in combination, on vascular responsiveness to phenylephrine in healthy volunteers. Br J Clin Pharmacol. 2013 
Feb;75(2):423-30.  

600. Mion D Jr, Rea RF, Anderson EA, Kahn D, Sinkey CA, Mark AL. Effects of fludrocortisone on sympathetic nerve 
activity in humans. Hypertension. 1994 Jan;23(1):123-30.  

601. Otte C, Jahn H, Yassouridis A, Arlt J, Stober N, Maass P, Wiedemann K, Kellner M. The mineralocorticoid 
receptor agonist, fludrocortisone, inhibits pituitary-adrenal activity in humans after pre-treatment with 
metyrapone. Life Sci. 2003 Aug 22;73(14):1835-45.  

602. Wenzl HH, Fine KD, Santa Ana CA, Porter JL, Fordtran JS. Effect of fludrocortisone and spironolactone on 
sodium and potassium losses in secretory diarrhea. Dig Dis Sci. 1997 Jan;42(1):119-28.  

 
Aldosterone deficiency: Fludrocortisone produces significantly beneficial effects (reduction of sodium excretion) 
603. Laviolle B, Le Maguet P, Verdier MC, Massart C, Donal E, Lainé F, Lavenu A, Pape D, Bellissant E. Biological 

and hemodynamic effects of low doses of fludrocortisone and hydrocortisone, alone or in combination, in healthy 
volunteers with hypoaldosteronism. Clin Pharmacol Ther. 2010 Aug;88(2):183-90. 

 
Orthostatic hypotension: Fludrocortisone significantly reduces orthostatic hypotension in patients 
604. Finke J, Sagemüller I. Fludrocortisone in the treatment of orthostatic hypotension: ophthalmodynamography 

during standing. Dtsch Med Wochenschr. 1975 Sep 5;100(36):1790-2. 
 
Vasovagal syncope: Fludrocortisone significantly reduced the likelihood of syncope in patients 
605. Sheldon R, Raj SR, Rose MS, Morillo CA, Krahn AD, Medina E, Talajic M, Kus T, Seifer CM, Lelonek M, 

Klingenheben T, Parkash R, Ritchie D, McRae M; POST 2 Investigators.. Fludrocortisone for the prevention 
of vasovagal syncope: a randomized, placebo-controlled trial. J Am Coll Cardiol. 2016 Jul 5;68(1):1-9. 
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Orthostatic hypotension: Fludrocortisone does not  prevent orthostatic hypotension after space flight 
606. Shi SJ, South DA, Meck JV. Fludrocortisone does not prevent orthostatic hypotension in astronauts after 

spaceflight. Aviat Space Environ Med. 2004 Mar;75(3):235-9.  
 
Chronic fatigue syndrome: Fludrocortisone associated to hydrocortisone at very low doses does not significantly 

reduces fatigue 
607. Blockmans D, Persoons P, Van Houdenhove B, Lejeune M, Bobbaers H. Combination therapy with 

hydrocortisone and fludrocortisone does not improve symptoms in chronic fatigue syndrome: a randomized, 
placebo-controlled, double-blind, crossover study. Am J Med. 2003 Jun 15;114(9):736-41.  

 
Chronic fatigue syndrome: Fludrocortisone alone does not significantly improve CFS symptoms 
608. Rowe PC, Calkins H, DeBusk K, McKenzie R, Anand R, Sharma G, Cuccherini BA, Soto N, Hohman P, Snader 

S, Lucas KE, Wolff M, Straus SE. Fludrocortisone acetate to treat neurally mediated hypotension in chronic 
fatigue syndrome: a randomized  controlled trial. JAMA. 2001 Jan 3;285(1):52-9. 

609. Peterson PK, Pheley A, Schroeppel J, Schenck C, Marshall P, Kind A, Haugland  JM, Lambrecht LJ, Swan S, 
Goldsmith S. A preliminary placebo-controlled crossover trial of fludrocortisone for chronic fatigue syndrome. 
Arch Intern Med. 1998 Apr  27;158(8):908-14.  

 
Borderline personality disorder: Fludrocortisone at supraphysiological doses (400 µg/day) improves memory 

(cognitive function: verbal, visuospatial and working memory), in healthy subjects only working memory 
610. Wingenfeld K, Kuehl LK, Janke K, Hinkelmann K, Eckert FC, Roepke S, Otte C. Effects of mineralocorticoid 

receptor stimulation via fludrocortisone on memory in women with borderline personality disorder. Neurobiol 
Learn Mem. 2015 Apr;120:94-100.  

 
Borderline personality and major depressive disorders, healthy subjects: No effect of fludrocortisone on 
autobiographical memory 
611. Fleischer J, Wingenfeld K, Kuehl LK, Hinkelmann K, Roepke S, Otte C. Does fludrocortisone influence 

autobiographical memory retrieval? A study in patients with major depression, patients with borderline 
personality disorder and healthy controls. Stress. 2015;18(6):718-22.  

 
Severe traumatic brain injury: Fludrocortisone associated to hydrocortisone at low doses does not significantly 

prevent hospital-acquired pneumonia 
612. Asehnoune K, Seguin P, Allary J, Feuillet F, Lasocki S, Cook F, Floch H, Chabanne R, Geeraerts T, Roger C, 

Perrigault PF, Hanouz JL, Lukaszewicz AC, Biais M, Boucheix P, Dahyot-Fizelier C, Capdevila X, Mahe PJ, Le 
Maguet P, Paugam-Burtz C, Gergaud S, Plaud B, Constantin JM, Malledant Y, Flet L, Sebille V, Roquilly A; 
Corti-TC Study Group.. Hydrocortisone and fludrocortisone for prevention of hospital-acquired pneumonia in 
patients with severe traumatic brain injury (Corti-TC): a double-blind, multicentre phase 3, randomised placebo-
controlled trial. Lancet Respir Med. 2014 Sep;2(9):706-16 

 
Septic shock: Fludrocortisone associated to hydrocortisone at low doses produces beneficial effects, including better 

renal function 
613. Laviolle B, Annane D, Fougerou C, Bellissant E. Gluco- and mineralocorticoid biological effects of a 7-day 

treatment with low doses of hydrocortisone and fludrocortisone in septic shock. Intensive Care Med. 2012 
Aug;38(8):1306-14.  

 
Septic shock: Fludrocortisone associated to hydrocortisone at low doses reduces mortality 
614. Annane D, Sébille V, Charpentier C, Bollaert PE, François B, Korach JM, Capellier G, Cohen Y, Azoulay E, 

Troché G, Chaumet-Riffaud P, Bellissant E. Effect of treatment with low doses of hydrocortisone and 
fludrocortisone on mortality in patients with septic shock. JAMA. 2002 Aug 21;288(7):862-71. Erratum in: JAMA. 
2008 Oct 8;300(14):1652. (-33% lower risk in the corticosteroid group (hazard ratio, 0.67))  

 
Children 
 
Children with syncope or severe presyncope:  Fludrocortisone: produces significant beneficial effects to reduce 

syncopal symptoms; including syncope  
615. Salim MA, Di Sessa TG. Effectiveness of fludrocortisone and salt in preventing syncope recurrence in children: a 

double-blind, placebo-controlled, randomized trial. J Am Coll Cardiol. 2005 Feb 15;45(4):484-8.  
616. Scott WA, Pongiglione G, Bromberg BI, Schaffer MS, Deal BJ, Fish FA, Dick M. Randomized comparison of 

atenolol and fludrocortisone acetate in the treatment of pediatric neurally mediated syncope. Am J Cardiol. 1995 
Aug 15;76(5):400-2 
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Thymosin alpha 1 treatment: 16 human placebo-controlled trials mentioned inPubmed 
 
Elderly men: the immune stimuylation with thymosin-alpha-1 (1 trila, 85 patients) 
617. Gravenstein S1, Duthie EH, Miller BA, Roecker E, Drinka P, Prathipati K, Ershler WB. Augmentation of influenza 

antibody response in elderly men by thymosin alpha one. A double-blind placebo-controlled clinical study. J Am 
Geriatr Soc. 1989 Jan;37(1):1-8. 

 
Sepsis: the improvement with thymosin-alpha-1 and ulinastatin (increased survival, improved immune 

parameters)(6 trials, 915 patients ) 
618. Chen H1, He MY, Li YM. Treatment of patients with severe sepsis using ulinastatin and thymosin alpha1: a 

prospective, randomized, controlled pilot study. Chin Med J (Engl). 2009 Apr 20;122(8):883-8. 
619. Li Yumin1, Chen Hao, Li Xun, Zhou Wence, He Minyan, Chiriva-Internati M, Wachtel MS, Frezza EE. A new 

immunomodulatory therapy for severe sepsis: Ulinastatin Plus Thymosin {alpha} 1. J Intensive Care Med. 2009 
Jan-Feb;24(1):47-53. 

620. Zhang Y1, Chen H, Li YM, Zheng SS, Chen YG, Li LJ, Zhou L, Xie HY, Praseedom RK. Thymosin alpha1- and 
ulinastatin-based immunomodulatory strategy for sepsis arising from intra-abdominal infection due to 
carbapenem-resistant bacteria. J Infect Dis. 2008 Sep 1;198(5):723-30. 

 
(+ 3 other trials mentioned in meta-analysis talks of 6 trials)  
621. Han D1, Shang W2, Wang G2, Sun L2, Zhang Y3, Wen H2, Xu L2. Ulinastatin- and thymosin α1-based 

immunomodulatory strategy for sepsis: A meta-analysis. Int Immunopharmacol. 2015 Dec;29(2):377-82. 
 
622. Chronic obstructive pulmonary disease (acute exacerbation): the improvement with thymosin-alpha-1 (1 

trial, 84 patients)) 
623. Jia Z1, Feng Z, Tian R, Wang Q, Wang L. Thymosin α1 plus routine treatment inhibit inflammatory reaction and 

improve the quality of life in AECOPD patients. Immunopharmacol Immunotoxicol. 2015;37(4):388-92. 
 
Chronic hepatitis B: the improvement with thymosin-alpha-1 (2 trials,  
624. Lim SG1, Wai CT, Lee YM, Dan YY, Sutedja DS, Wee A, Suresh S, Wu YJ, Machin D, Lim CC, Fock KM, Koay 

E, Bowden S, Locarnini S, Ishaque SM. A randomized, placebo-controlled trial of thymosin-alpha1 and 
lymphoblastoid interferon for HBeAg-positive chronic hepatitis B. Antivir Ther. 2006;11(2):245-53. 

625. Mutchnick MG1, Lindsay KL, Schiff ER, Cummings GD, Appelman HD, Peleman RR, Silva M, Roach KC, 
Simmons F, Milstein S, Gordon SC, Ehrinpreis MN. Thymosin alpha1 treatment of chronic hepatitis B: results of 
a phase III multicentre, randomized, double-blind and placebo-controlled study. J Viral Hepat. 1999 
Sep;6(5):397-403. 

 
+ 3 other trials mentioned in meta-analysis:  
626. Chan HL1, Tang JL, Tam W, Sung JJ. The efficacy of thymosin in the treatment of chronic hepatitis B virus 

infection: a meta-analysis. Aliment Pharmacol Ther. 2001 Dec;15(12):1899-905. 
 
Chronic hepatitis C: the improvement with thymosin-alpha-1 (1 trial, 103 patients) 
627. Sherman KE1, Sjogren M, Creager RL, Damiano MA, Freeman S, Lewey S, Davis D, Root S, Weber FL, Ishak 

KG, Goodman ZD. Combination therapy with thymosin alpha1 and interferon for the treatment of chronic 
hepatitis C infection: a randomized, placebo-controlled double-blind trial. Hepatology. 1998 Apr;27(4):1128-35. 

 
Chronic hepatitis C: no significant improvement with thymosin-alpha-1 (1 trials, 571 patients) 
628. Ciancio A1, Andreone P, Kaiser S, Mangia A, Milella M, Solà R, Pol S, Tsianos E, De Rosa A, Camerini R, 

McBeath R, Rizzetto M. Thymosin alpha-1 with peginterferon alfa-2a/ribavirin for chronic hepatitis C not 
responsive to IFN/ribavirin: an adjuvant role? J Viral Hepat. 2012 Jan;19 Suppl 1:52-9. 

629. Andreone P1, Cursaro C, Gramenzi A, Buzzi A, Covarelli MG, Di Giammarino L, Miniero R, Arienti V, Bernardi 
M, Gasbarrini G. A double-blind, placebo-controlled, pilot trial of thymosin alpha 1 for the treatment of chronic 
hepatitis C. Liver. 1996 Jun;16(3):207-10. 

 
Cancer (overall) after radiotherapy or chemotherapy (immune depression): trend toward improvement with 

thymosin-alpha-1 or thymopentin (4trials, > 100 patients) 
630. Chretien PB, Lipson SD, Makuch R, Kenady DE, Cohen MH, Minna JD. Thymosin in cancer patients: in vitro 

effects and correlations with clinical response to thymosin immunotherapy. Cancer Treat Rep. 1978 
Nov;62(11):1787-90. 

 
Mentions 3 more placebo-controlled trials in review 
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631. Wolf E1, Milazzo S, Boehm K, Zwahlen M, Horneber M. Thymic peptides for treatment of cancer patients. 
Cochrane Database Syst Rev. 2011 Feb 16;(2):CD003993. 

 
Cancer (lung) after radiotherapy (immune depression): the improvement with thymosin-alpha-1 (2 trials, 63 

patients)) 
632. Schulof RS, Lloyd MJ, Cleary PA, Palaszynski SR, Mai DA, Cox JW Jr, Alabaster O, Goldstein AL. A 

randomized trial to evaluate the immunorestorative properties of synthetic thymosin-alpha 1 in patients with lung 
cancer. J Biol Response Mod. 1985 Apr;4(2):147-58. 

633. Schulof RS, Chorba TL, Cleary PA, Palaszynski SR, Alabaster O, Goldstein AL. -cell abnormalities after 
mediastinal irradiation for lung cancer. The in vitro influence of synthetic thymosin alpha-1. Cancer. 1985 Mar 
1;55(5):974-83. 


