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Learning Objectives

the mechanisms and physiologic changes of agingUnderstand

how age-related changes impact pharmacokinetics and 
pharmacodynamics of medications

Describe

an approach to renal drug dosing in elderly patientsDevelop



The Bottom-
Line Up Front

Renal Dosing is Highly 
Individualized





Introduction

• The aging associated with physiologic and homeostatic 
alterations that contribute to the pathogenesis of chronic 
conditions also influence the responsiveness to medications.

• Older adults are more likely than younger adults to suffer 
from medication associated adverse events.



Human Aging and Changes in 
Drug



Aging

• Elderly defined as age > 65 
years old is NOT based on 
physiologic function but a 
cutoff that matches Medicare 
and Social Security

• No clinical definition of 
age exists, that has been 
reliably associated with 
age-related changes in 
drug pharmacokinetics or 
pharmacodynamics



Clinical Manifestation of Aging

• Include changes in:
• Biochemical makeup of tissues

• Reduced capacity of body systems

• Reduced ability to adapt to physiologic stress

• Increased vulnerability to disease

• Interindividual variability in physiology increases with age
• People age at different rates

• Development of disease

Clin Geriatr Med. 2011;27:491–506.

Ageing Res Rev. 2016;29:90–112.

http://sfxhosted.exlibrisgroup.com/uhhilo?sid=www.accesspharmacy.mhmedical.com:accesspharmacy&rft_id=info:pmid/22062437
http://sfxhosted.exlibrisgroup.com/uhhilo?sid=www.accesspharmacy.mhmedical.com:accesspharmacy&rft_id=info:pmid/22062437


Age-Associated Physiologic Changes
• Compared with younger patients, elderly patients have:

•  body fat (20-40%) /  total body water (10-15%)

•  lean muscle mass

•  serum albumin

•  stomach acid and GI motility

•  renal and hepatic function

• Reductions in cardiovascular, pulmonary, endocrine, GI, GU, immune, & hormone 
production.
•  of 0.8 - 0.9% / year

• Sensory changes in vision, hearing, and taste

• Changes in autonomic and central nervous system (CNS)

• Other influencing factors:
• Nutritional status, disease states, concomitant medication



Age-Associated Physiologic Changes

• Result in reduced functional reserve capacity
• Ability to respond to physiologic changes or stresses

• Reduced ability to maintain homeostasis
• Increased susceptibility to decompensates stressful situations

• Examples:
• Postural or gait stability

• Orthostatic blood pressure responses

• Thermoregulation

• Cognitive reserve

• Bowel and bladder function



Age-Associated Changes and Medications

• Clinical response to a medication is the NET result of the interaction 
of several complex processes, including pharmacokinetics and 
pharmacodynamics.

• Age-related changes in physiology can affect pharmacokinetics and 
Pharmacodynamics

• Concurrent medications, comorbidities, and frailty play a role.  



Pharmacokinetics



Altered Pharmacokinetics

• Chronologic age is a significant predictor of individual 
pharmacokinetic parameters.

• Aging-associated changes in drug absorption, distribution, 
metabolism, and elimination are more important predictors of altered 
pharmacokinetics than age



Absorption

• Drug-food interactions, concurrent medication use, and comorbidities 
affecting gastrointestinal function must be considered

• Frailty may be a better indicator than chronological age for potential 
alterations in drug absorption

• Drugs absorbed via passive diffusion – little influence on 
bioavailability

• Consider gastric PH, gastrointestinal motility



Absorption
• Reduction in gastric acid secretion 

• Delayed gastric emptying

• Thinner skin and decreased blood flow – affect 
transdermal absorption

• Factors that have the greatest impact on absorption 
include they way a medication is taken, what it is taken 
with, and a patient’s comorbid illnesses.
• Cipro / calcium
• Proton Pump Inhibitor / calcium

For the most part absorption can be variable and incomplete.



Distribution

• Medication distribution dependent on blood flow, plasma 
protein binding, and body composition

• Changes in volume of distribution can have a direct impact 
on the amount of medication that must be given as a loading 
dose. The Vd is inversely correlated to plasma concentration.

• fat tissue and  in lean muscle mass
•  half-lives (t1/2 ) and duration of action of lipophilic drugs

• Ex: chlordiazepoxide, clonazepam, diazepam
• Diazepam t1/2 doubles from 35 hrs to 70 hrs

•  Volume of distribution (Vd) of lipophilic drugs
• May need to increase parenteral loading doses (LDs) of lipophilic drugs 

• Need to reduce maintenance dose or increase dosing intervals



Distribution

• total body water = smaller Vd

• concentrations of water-soluble drugs
• Smaller doses required to attain therapeutic response

• Increases risk for toxic effects

• serum albumin if frail or malnourished
• Therefore, highly protein bound drugs may have higher 

free fraction (active drug) when total drug is measured 
as “therapeutic” (due to smaller Vd)
• Potential for greater therapeutic and toxic effects

• Ex: phenytoin, warfarin 



Metabolism

• Liver major organ responsible for drug metabolism

• Medication response in elderly have variations due to changes in drug 
metabolism

• Hepatic metabolism dependent on:
• Liver perfusion
• Capacity and availability of drug metabolizing enzymes
• Transfer of drug into the hepatocyte from blood
• Protein binding

• Comorbid states can affect metabolism
• Hepatic congestion due to congestive heart failure 



Metabolism

• Liver mass decreases approximately 20 – 30%

• Liver blood flow decreases by approximately 20 – 50%

• Compounds undergoing:
• Phase I metabolism - Cytochrome P450 Enzymes (reduction, oxidation, 

hydroxylation, demethylation) have decreased metabolism

• Phase II (conjugation, acetylation, sulfonation, glucuronidation) have no 
change in clearance

• In general, a 25% to 35% reduction of drugs that are eliminated, 
predominantly through hepatic metabolism, can be expected.



Elimination

• Renal excretion is the primary route of elimination for many drugs 
and metabolites

• Renal function progressively declines with age
• GFR drops by 1% every year of age past 20.

• By age 85, renal function is 50% of what it was at age 25

• Due to reduced tubular function, elderly patients are less capable of 
producing urine that is maximally concentrated or diluted.

• Serum creatinine (SCr) by itself is a poor predictor of renal function in 
elderly due to reduced lean muscle mass
• Best to calculate or estimate

• Cockcroft and Gault



Elimination

• FDA dosing guidelines for medications that are primarily renally cleared are 
based on estimated creatinine clearance using the Cockcroft-Gault 
equation

• Current consensus is to continue to use Cockcroft-Gault equation for renal 
drug dosing in older adults

• Limitations of C-G
• Not all patients experience significant age-related declines. May underestimate CrCl
• Loss of muscle mass beyond normal aging (SCr < 0.7 mg/dL) – May overestimate CrCl

• Do not recommend “normalizing SCr” – For example Round up to 1

• When making dosing decisions for older adults, it is important to consider:
• Guidelines for renal dosing
• Whole patient assessment
• Indication and side effect – (risk vs. benefit)



Drugs Highly Dependent on Renal Function

Acyclovir Allopurinol Aminoglycosides Apixaban Cephalosporins 
(Most)

Colchicine Dabigatran Digoxin Duloxetine Edoxaban

Enoxaparin Famotidine Fluconazole Fluoroquinolones 
(most)

Levetiracetam

Lisinopril Metoclopramide Penicillins (most) Rivaroxaban Vancomycin



Parameter Age Effect Disease Factor Effect Prescribing Implications

Absorption generally unchanged Achlorhydria, concurrent 
medications, tube feedings

Drug-drug and drug-food 
interactions most likely impact

Distribution Increase in fat : water 
ratio
Decreased plasma 
protein (albumin)

Heart failure, ascites, other 
conditions that increase body 
water

Fat-soluble drugs will have larger 
volume of distribution; highly 
protein bound drugs have a 
greater free concentration.

Metabolism Decreased liver mass 
and blood flow 
decrease drug 
clearance; CYP450 
may be affected

Smoking, genotype, other 
medications, alcohol, caffeine 
have more effect than aging on 
metabolism

Lower dosages maybe required.  
Watch drug interactions 
(inducers, inhibitors)

Elimination primarily renal; age-
related decrease in 
GFR

AKI and CKD, decreased muscle 
mass creates misleading low Scr 
Levels (looks normal)

Scr not a reliable measure of 
kidney function. Use Cockcroft 
and Gault to estimate CrCl



Pharmacodynamics



Pharmacodynamic Changes

• Refers to the effect of a medication at is receptor site, or site of 
action, and is largely determined by drug concentration and its ability 
to bind at the receptor site.

• Aging can affect the number of receptors and affinity to medications

• Combine comorbidities, pharmacokinetic changes, and 
pharmacodynamic changes makes and individual drug response 
unpredictable



Pharmacokinetic and Pharmacodynamic 
Summary
• Pharmacokinetic and pharmacodynamic changes generally result in 

decreased clearance and increased sensitivity to medications in older 
adults

• Use of lower doses, longer intervals, slower titration are helpful in 
decreasing the risk of drug intolerance and toxicity

• Careful monitoring is necessary to ensure successful outcomes
• Drug and disease specific monitoring



Approach to Renal Dosing in the Elderly

1. Patient specific factors such as comorbidity and drug interactions 
should be considered and monitored during therapy

2. Review current medications, prescription and nonprescription to 
identify potential nephrotoxins or interacting medications

3. Use the C-G formula to approximate creatinine clearance or GFR.

4. Dose adjust can be accomplished by dose reduction, prolonging the 
dosing interval or both. Most drugs – consider adjust both 
• Adjust dose if clinical efficacy correlates with peak

• Adjust interval if effect is correlated with area under the curve or if rapid 
increase in plasma concentrations correlates with toxicity



Equations

BMI: (weight in kilograms) / (height in meters)2

IBW (men): 50.0 kg + 2.3 kg for every 2.5 cm over 152 cm

IBW (women): 45.5 kg + 2.3 kg for every 2.5 cm over 152 cm

Cockroft-Gault Formula:

CrCl (mL/min) = (140 - age)  x  IBW/72 x SCr

Multiply result by 0.85 in women



Questions


