Table 1. Aging related changes that may affect pharmacokinetics 

	
	Physiological change
	Consequences

	Absorption
	· ( gastric acid production and empting

· ( splachnic blood flow (30-40%),  motility and absorption surface

· ( first pass metabolism
	· Slightly decreased absorption
· Antacids, laxatives can ( drug absorption
· ( oral bioavailability of diltiazem, L-dopa, opioids, propranolol, simvastatin, theophylline, verapamil

	Distribution
	· ( cardiac output and tissue perfusion

· ( extracellular and total body water (5-10%)
· ( total body and muscle mass

· ( body fat (18-35% in men, 30-45% in women
	· ( Vd and ( plasma levels of hydrophilic drugs (digoxin, gentamicin, lithium, theophylline)

· ( Vd and half-life of highly lipophilic drugs: amiodarone, benzodiazepines, dronedarone, lidocaine, morphine, verapamil

	
	· ( plasma albumin, ( (1-acid glycoprotein
	· ( free drug levels of highly protein-bound drugs: amiodarone, diltiazem, dronedarone, propafenone, verapamil, warfarin

	Biotransforrmation
	· Liver mass (20-30%) and hepatic blood flow (20-50%)

· (  CYP450-mediated phase I reactions 

· ( liver´s ability to recover from injury 

· Alcohol, malnutrition and hepatic diseases (cirrhosis, carcinoma) are more common in elderly
	· Less first-pass effect and phase I metabolism

· ( bioavailability of predrugs (i.e. ACEIs)
· ( Cmax and t½ of highly metabolized drugs: amiodarone, CCBs, disopyramide, dronedarone, ibutilide, labetalol, lidocaine, morphine, nitrates, phenytoin, procainamide, propafenone, propranolol, quinidine, tricyclic antidepressants, theophylline, verapamil, warfarin
· Need to reduce the dose to minimize the risk of adverse effects in patients with congestive HF or hepatic diseases

	Excretion
	· ( renal mass and nephron numbers
· ( Renal blood flow (30-35%

· Renal tubular secretion and reabsorption

· ( GFR

· ( risk of renal diseases that may reduce renal function: glomerulosclerosis, interstitial fibrosis, diabetes
· ( comorbidities that ( RBF i.e. HTN, heart failure, haemorrhage, cardiogenic shock
	· ( renal excretion

· ( Cmax and half-life of renally excreted drugs: ACE inhibitors, atenolol digoxin, nadolol, sotalol

· ( risk of adverse effects

· Drug accumulation due to reduced renal excretion is the most important cause of ADRs and drug-drug interactions

· Need to monitor renal function (CKD-Epidemiology Collaboration, CKD-EPI)  and reduce doses of drugs that are mainly eliminated by the kidneys 


CCBs: calcium channel blockers. Cmax: peak plasma levels. GFR: glomerular filtration rate. HCTZ: hydrochlorothiazide. RBF: renal blood flow. TCA: tricyclic antidepressants. t½: half-life. TMP-SMX: trimetoprim-sulfamethoxazole. Vd: volume of distribution.
