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Study methodology 

We searched published literature for clinical studies, prospective or retrospective, that (1) 

directly compared at least two different time-of-day treatment schedules, and (2) measured 

clinical effect or toxicity. We identified 106 clinical studies that met these criteria; references 

included below. Our assessment of drug half-life utilized public data from DrugBank 5.0 (107), 

FDA-label information, and/or research publications. 
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Fig 1. Circadian medicine is accelerating and has a track-record of success in highly 

prevalent diseases. (A) 75% of clinical trials (79/106) showed dosing-time-dependent efficacy 

or toxicity, grouped by (B) therapeutic area. Individual trials details in Fig. 2 and Table 1. (C) 

Relationship between drug half-life and time-of-day effect. Trials were grouped by drug half-life 

so that there were approximately equal numbers of trials in each group. For combination 

therapies, we considered the drug ingredient with the shortest half-life. A total of 88 trials with 

half-life information were included.   



 
Fig 2. 50 years of clinical studies testing dosing-time-dependence of medical treatment. 

105 clinical studies that were: 1) published, 2) directly compared at least two different time-of-

day treatment schedules, and 3) measured clinical effect or toxicity. Point color indicates drug 



half-life: short (≤15 h), long (>15 h), or unknown (NA). Point fill distinguishes trials that 

found significant (P-value < 0.05) administration-time-dependent efficacy and/or toxicity 

(solid) from trials that did not (empty). Trials grouped by therapeutic area and labeled 

according to drug class. Study citations are indicated by the number in parentheses for each 

trial (Table 1). 

 

 

  



Table 1. Details for each trial and reference. For drug combinations, the shortest-acting agent in 

the combination is reported here and Fig 1.   

Group Specific TA Trial Drug Class Half-life* (hr) Ref. 

Allergy skin 1 cyproheptadine antihistamine H1 8 (1) 

skin 2 terfenadine antihistamine H1 3.5 (2) 

rhinitis 3 desloratadine antihistamine H1 50 (3) 

Arthritis RA 1 prednisone corticosteroid 2.5 (4) 

RA 2 flurbiprofen NSAID 5 (5) 

RA 3 prednisone corticosteroid 2.5 (6) 

OA 4 indomethacin NSAID 4.5 (7) 

RA 5 prednisone corticosteroid 2.5 (8) 

RA 6 prednisone corticosteroid 2.5 (9) 

RA 7 methotrexate antimetabolite 6 (10) 

Asthma asthma 1 epinephrine beta-adrenergic antagonist 0.5 (11) 

asthma 2 theophylline sustained release PDE inhib + adenosineR antagonist 24 (12) 

asthma 3 terbutaline-sustained release beta-adrenergic antagonist n/a (13) 

asthma 4 orciprenaline beta-adrenergic antagonist 6 (14) 

asthma 5 atropine anticholinergic 3 (15) 

asthma 6 theophylline PDE inhib + adenosineR antagonist 8 (16) 

asthma 7 prednisone corticosteroid 2.5 (17) 

asthma 8 albuterol sustained release beta-adrenergic antagonist n/a (18) 

asthma 9 salmeterol beta-adrenergic antagonist 5.5 (19) 

asthma 10 tulobuterol beta-adrenergic antagonist n/a (20) 

Cancer breast carcinoma, HCC, bile duct 1 L-OHP CT 0.5 (21) 

colorectal  2 L-OHP + 5-FU + FA CT 0.5 (22) 

colorectal  3 L-OHP + 5-FU + FA CT 0.5 (23) 

soft tissue/bone sarcoma 4 GM-CSF GM-CSF n/a (24) 

colorectal 5 L-OHP + 5-FU + FA CT 0.5 (25) 

head and neck 6 radiotherapy RT n/a (26) 

head and neck 7 radiotherapy RT n/a (27) 

metastatic colorectal 8 L-OHP + capacitabine  CT 0.5 (28) 

cervical carcinoma 9 radiotherapy RT n/a (29) 

brain metastasis in NSCLC 10 radiotherapy-gamma knife RT n/a (30) 

brain metastasis in NSCLC 11 radiotherapy-stereotactic (SRS) RT n/a (31) 

advanced NPC 12 
5-FU + DDC 

CT 0.5 (32) 

breast cancer 13 radiotherapy RT n/a (33) 
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NSCLC 14 DDC CT 0.5 (34) 

locally advanced NPC 15 DOC + DDC + 5-FU CT 0.5 (35) 

prostate adenocarcinoma 16 radiotherapy RT n/a (36) 

multiple brain metastases 17 radiotherapy RT n/a (37) 

painful bone metastases 18 radiotherapy RT n/a (38) 

oral squamous cell carcinoma 19 DOC + DDC + 5-FU CT 0.5 (39) 

locoregionally advanced NPC 20 DDC CT 0.5 (40) 

Hyperlipidemia hyperlipidemia 1 simvastatin statin 3 (41) 

hyperlipidemia 2 atorvastatin statin 25 (42) 

hyperlipidemia 3 simvastatin statin 3 (43) 

hyperlipidemia 4 simvastatin statin 3 (44) 

hyperlipidemia 5 atorvastatin statin 25 (45) 

hyperlipidemia 6 atorvastatin statin 25 (46) 

hyperlipidemia 7 simvastatin statin 3 (47) 

hyperlipidemia 8 simvastatin, ezetimibe statin, azetidine 3 (48) 

hyperlipidemia 9 simvastatin-ER statin 22 (49) 

hyperlipidemia 10 simvastatin-ER statin 22 (50) 

Hypertension hypertension 1 propanalol beta-adrenergic antagonist 4 (51) 

hypertension 2 phenatolamine alpha-adrenergic antagonist 0.3 (52) 

hypertension 3 captopril, hydrochlorothiazide ACE-inhibitor, diuretic 2 (53) 

hypertension 4 quinapril ACE-inhibitor 3 (54) 

hypertension 5 nitrendipine Ca2+-channel blocker 12 (55) 

hypertension 6 ramipril ACE-inhibitor 24 (56) 

hypertension 7 amlodipine Ca2+-channel blocker 40 (57) 

hypertension 8 isradipine-ER Ca2+-channel blocker n/a (58) 

hypertension 9 enalapril ACE-inhibitor 35 (59) 

hypertension 10 benazepril ACE-inhibitor 10.5 (60) 

hypertension 11 nitrendipine Ca2+-channel blocker 12 (61) 

hypertension 12 nifedipine-ER Ca2+-channel blocker 24 (62) 

hypertension 13 isradipine-ER Ca2+-channel blocker n/a (63) 

hypertension 14 perindopril ACE-inhibitor 30 (64) 

hypertension 15 amlodipine Ca2+-channel blocker 40 (65) 

hypertension 16 nislodipine-ER Ca2+-channel blocker 14 (66) 

hypertension 17 imidapril ACE-inhibitor 15 (67) 

hypertension 18 amlodipine Ca2+-channel blocker 40 (68) 

hypertension 19 valsartan ARB 7 (69) 

hypertension 20 cilnidipine Ca2+-channel blocker 0.3 (70) 

hypertension 21 doxazosin-ER alpha-adrenergic antagonist 22 (71) 

hypertension 22 trandolapril ACE-inhibitor 24 (72) 

hypertension 23 aspirin NSAID 1 (73) 
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hypertension 24 valsartan ARB 7 (74) 

hypertension 25 valsartan ARB 7 (75) 

hypertension 26 nebivolol beta-adrenergic antagonist 10 (76) 

hypertension 27 telmisartan ARB 24 (77) 

hypertension 28 torasemide diuretic 3.5 (78) 

hypertension 29 aspirin NSAID 1 (79) 

hypertension 30 olmesartan ARB 13 (80) 

hypertension 31 nifedipine-ER Ca2+-channel blocker 24 (81) 

hypertension 32 ramipril ACE-inhibitor 24 (82) 

hypertension 33 spirapril ACE-inhibitor 40 (83) 

hypertension 34 amlodipine, olmesartan Ca2+-channel blocker, ARB 13 (84) 

hypertension 35 amlodipine, valsartan Ca2+-channel blocker, ARB 7 (85) 

hypertension 36 amlodipine, valsartan Ca2+-channel blocker, ARB 7 (86) 

hypertension 37 amlodipine, hydrochlorothiazide Ca2+-channel blocker, diuretic 6 (87) 

hypertension 38 candesartan ARB 9 (88) 

hypertension 39 valsartan ARB 7 (89) 

hypertension 40 valsartan ARB 7 (90) 

hypertension 41 aspirin NSAID 1 (91) 

Myocardial 
Injury 

myocardial injury 1 clopidogrel P2Y12 inhibitor 8 (92) 

cardiovascular thromboembolism 2 rivaroxaban factorXa inhibitor 7 (93) 

myocardial injury 3 aortic valve replacement surgery na (94) 

myocardial injury 4 clopidogrel P2Y12 inhibitor 8 (95) 

Other GERD 1 omeprazole PPI 0.5 (96) 

 cognition 2 dextromethamphetamine stimulant 4.5 (97) 

COPD 3 tiotropium anticholinergic 48 (98) 

GERD 4 rabeprazole PPI 1.5 (99) 

epilepsy 5 phenytoin, carbamazepine anticonvulsant 12 (100) 

hypothyroidism 6 levothyroxine hormone 48 (101) 

hypothyroidism 7 levothyroxine hormone 48 (102) 

high-risk pregnancy 8 aspirin NSAID 1 (103) 

diabetes 9 lixisenatide GLP-1 receptor agonist 3 (104) 

influenza 10 influenza vaccination vaccine na (105) 

viral infection 11 liver transplant surgery na (106) 

 
Abbreviations. antihistH1 (antihistamine H1 antagonist); ARB (angiotensin II receptor blocker); PDEinhib 

(phosphodiesterase inhibitor); CT (chemotherapy); RT (radiotherapy); PPI (proton pump inhibitor); NSAID 

(nonsteroidal anti-inflammatory drug); L-OHP (oxaliplatin); RA (rheumatoid arthritis); OA (osteoarthritis); 5-FU (5-

fluorouracil): FA (folinic acid); DOC (docetaxel); DDP (cisplatin);  NSCLC (non small cell lung cancer); GM-CSF 

(granulocyte macrophage colony stimulating factor); NPC (nasopharyngeal carcinoma); HCC (hepatocellular 

carcinoma); GERD (gastroesophageal reflux disease); COPD (chronic obstructive pulmonary disease); GLP-1 

(glucagon-like peptide 1) 
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