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Background  



Research focus

• Personalized medicine using 
modern biomarkers and techniques 
for assessing organ function

• Stratification of patients for 
medication review based on disease 
and mediation burden

• Clinical Trials in frail patients 
(unsexy studies)

• Practical Hospital Pharmacy



5

Motivation  

Acute hip fracture patient 

 



6

Motivation continued   

Acute hip fracture patient 

 

Patients overdosed with standard prescribed 

analgesics according to estimated Glomerular 

Filtration Rate (eGFR) was characterized by:

• High age (≥ 80 years)

• Low body weight (< 50 kg) 

• Mild decreased eGFR (> 60 mL/min/1.73m2) 

based on CKD-EPIcreatinine

Outcomes: naloxone, acute kidney injury (AKI), 

acute dialysis, prolonged hospitalization and 

mortality  

 



Learning Objectives 

• Know the definition of polypharmacy

• Understand the challenges of polypharmacy in older patients 

• Know the definition of renal risk medications 

• Understand that kidney function decreases with age

• Understand the challenges and limitations of estimating renal function in 

older patients with multimorbidity
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Older medical patients 

• In 2014, there were 114,000 older medical patients in Denmark

• About 70% of patients are in polypharmacy treatment 

• Up to 15% of all ED admissions are expected to be related to the patient's medication

• Lack of medication prescribing according to current health condition and lack of 

deprescribing

• About 1/3 of all medication-related admissions can be related to inappropriate 

prescribing of renal risk medication

Jensen LD, Int J Clin Pharm. 2014 

Helldén A, Drugs Aging 2009

Ministry of Health, 2016

Kongkaew C, Ann Pharmacother. 2008

Frank C, CMAJ Can. Med. Assoc. J. 2008

 Laroche ML, Br. J. Clin.  Pharmacol. 2007



Definition of polypharmacy

➢ Use of multiple medications (≥ 5 medications)

➢ Many different definitions are used in the literature

➢ Rational polypharmacy vs. irrational polypharmacy
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How many Danes use polypharmacy?

≈ 4 % ≈  7 %

≈ 12 % ≈ 20 %



Apoteket

What is the extent of polypharmacy in Denmark?
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• 750.000 polypharmacy patients in Denmark

• 1.1 million older people 65+ years in Denmark  

• 33% of the older patients use ≥5 prescribed medications

• Older accounts for 15% of the population and uses 40-50% of all 

prescribed drugs



Apoteket
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Reprinted from Christensen et al. 2019  with permission from Springer Nature. 

Development in medication use over the years



Apoteket

Aging and disease
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Barnett et al 2012, Lancet

  

                                                                      



Apoteket
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Reprinted from Christensen et al. 2019  with permission from Springer Nature. 

Types of medications used in individuals aged 60–100



Apoteket

Side effects …
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Budnitz et al., JAMA 2006

Estimated cases of side effects treated in 

the Emergency Department



Apoteket
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Hamilton, JAMA 2011

Side effects related to hospitalization
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Renal risk medication

A medication where the dose should be adjusted according to the 

patient's renal function or a medication that is contraindicated in 

patients with renal impairment.

 
Wehling M, 2013



How many medications are renal risk medications?
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≈ 10 % ≈  20 %

≈ 40 % ≈ 80 %



How to solve this challenge?
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Measurement of renal function  

• Glomerular Filtration Rate (GFR) can be measured precisely with exogenous 

markers such as:

      Inulin, Cr-51-EDTA, Tc-99m-DTPA or Iohexol. 

          Expensive, time-consuming and complicated setup. 

The price is approx. 500 EUR  per measurement

--------

• Estimated Glomerular Filtration Rate (eGFR) is used in the clinic                                       

to assess the renal function

• Creatinine is the standard biomarker used to calculate eGFR.

The price is approx. 0.7 EUR per measurement
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The renal function decreases with age 

GFR reference interval

 Standard GFR men

 

Standard GFR female

 

Age, years

 

Age, years

 
Mean

± 2SD

 



Wehling M, 2013

Melsom et al., 2022



Chronic

• Primary kidney diseases

• Diabetes

• Hypertension

• Heart failure

• Arteriosclerosis

• Malignancy

• Systemic inflammatory diseases

Causes of Renal Impairment
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Classification of chronic kidney disease
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Consequences of CKD?

Approximately 10-15% of the world's population, with a significant number of unreported cases
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Potential challenges with the clinical standard eGFR equation

• The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation 

based on creatinine (the standard equation) is recommended by KDIGO and The 

Danish Society of Nephrology

• Creatinine is highly dependent on muscle mass, age, sex and race  

• Creatinine is poor at predicting future declines in eGFR

• CKD-EPI creatinine was developed in a cohort where only 4% of participants were  

≥ 70 years 

• CKD-EPIcrea was developed to increase the accuracy of GFR estimates > 60 

mL/min/1.73m2

Inker LA, Adv Chronic Kidney Dis. 2018

James MT, Lancet. 2010

KDIGO, 2012

The Danish Society of Nephrology, 2015

Levey AS, Ann. Intern. Med. 2009

Levey AS, Ann. Intern. Med. 2009
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Potential challenges with the PK standard equation

• The Cockcroft-Gault (CG) equation from 1976 

performs poorly across age and patient groups
Michels WM, CJASN 2010

= mL/min



Does not outperform the 2009 CKD-EPI equation in Northern European patients



http://touchcalc.com/bis2.html (use the equations CKD-EPI og BIS1)

https://www.mdcalc.com/calc/3939/ckd-epi-equations-glomerular-

filtration-rate-gfr (CKD-EPI 2021)

https://www.mdcalc.com/creatinine-clearance-cockcroft-gault-equation 

(GC) 

The patient is: female, 80 years, weight: 50 kg, p-creatinine 70 µmol /L

What result do you get? 

Now it's your turn to calculate!

CKD-EPI = 71 mL/min/1,73m2

BIS1 = 58 mL/min/1,73m2

GC =  49 mL/min 
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http://touchcalc.com/bis2.html
https://www.mdcalc.com/calc/3939/ckd-epi-equations-glomerular-filtration-rate-gfr
https://www.mdcalc.com/calc/3939/ckd-epi-equations-glomerular-filtration-rate-gfr
https://www.mdcalc.com/creatinine-clearance-cockcroft-gault-equation


Relationship between serum creatinine and mGFR 

Sergio luis lima; 2017
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≈ 10 % ≈  20 %

≈ 30 % ≈ 50 %

What is the accepted margin of error for the GFR 
estimates in clinical practice?
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Cystatin C 

• Cystatin C is an alternative biomarker for eGFR

• Cystatin C is a protease inhibitor found in all body cells.

• The cystatin C concentration is largely independent of muscle mass, age 

and sex (as opposed to creatinine)

• Cystatin C is recommended by KDIGO and The Danish Society of -------------

--Nephrology as a biomarker for eGFR in patients with reduced muscle mass       

Malnourished patients

Amputation patients 

Children

• Cystatin C sample price is approx. 5 EUR

KDIGO, 2012; The Danish Society of Nephrology, 2015

KDIGO, 2012; The Danish Society of Nephrology, 2015

Inker LA, Adv Chronic Kidney Dis. 2018
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eGFR biomarkers and non-GFR determinants 

No known endogenous biomarker for GFR is perfect alone! 

Reprinted from Glassock et al. 2017 with permission from Nature Review Nephrology



The assumed best choice of eGFR equation?

• The CKD-EPI combination (CKD-EPIcomb) equation 

based on creatinine and Cystatin C is more accurate 

than equations based on one biomarker alone….
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How will alternative GFR estimates affect prescribing 

recommendations of renal risk medication in 

older hospitalized patients?

Inker LA, NEJM 2012, 2021; KDIGO 2024
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CKD-EPIpanel: creatinine, cystatin C, B2M and BTP

Includes: age, sex and (race).   
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• In 106 older medical patients GFR has been measured with 99mTC-DTPA

• We have measured creatinine, cystatin C, B2M and BTP

Hopefully, the new equations can increase the accuracy of eGFR 

overall and especially in subgroups (low muscle mass, old age, etc.)
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mGFR – Dried Blood Spots
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Covariate Unit OFV –ΔOFV Covariate effect

mGFR mL/min 786.083 112.236 0.991

mGFR mL/min/1.73 m2 813.380 84.939 1.001

eGFRCKD–EPI–21–

COMB

mL/min 816.657 81.662
0.979

eGFRCKD–EPI–12–

COMB

mL/min 817.322 80.998
0.974

eGFRPANEL mL/min 817.474 80.845 1.001

eGFREKFC–COMB mL/min 821.862 76.457 1.088

eGFRCKD–EPI–CYSC mL/min 826.487 71.832 0.877

eGFREKFC–CYSC mL/min 828.628 69.691 1.009

eGFRPANEL mL/min/1.73 m2 830.139 68.180 1.040

eGFREKFC–CYSC mL/min/1.73 m2 830.813 67.506 1.127

eGFRCKD–EPI–09–CR mL/min 831.618 66.701 1.016

eGFRCKD–EPI–21–CR mL/min 831.768 66.552 1.047

eGFRCKD–EPI–21–

COMB

mL/min/1.73 m2 832.332 65.987
0.993

eGFRCKD–EPI–CYSC mL/min/1.73 m2 832.730 65.590 0.933

eGFREKFC–CR mL/min 833.300 65.019 1.027

eGFRCKD–EPI–12–

COMB

mL/min/1.73 m2 833.454 64.865
0.983

eGFREKFC–COMB mL/min/1.73 m2 835.155 63.164 1.131

CrCLCG mL/min/1.73 m2 838.050 60.269 0.828

CrCLCG mL/min 844.002 54.317 0.710

eGFREKFC–CR mL/min/1.73 m2 850.159 48.160 0.987

eGFRCKD–EPI–09–CR mL/min/1.73 m2 850.766 47.553 0.951

eGFRCKD–EPI–21–CR mL/min/1.73 m2 850.768 47.551 0.986

Comparison of Kidney Function Measures as 
Covariates on Gentamicin Clearance

In review, 2025
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Transdermal GFR measurement

ASN, 2022
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How does biological age affect the decline in mGFR and differences in eGFR?



Thank you for your attention
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E-mail: morten.baltzer.houlind@regionh.dk
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