
 1 

Inappropriate drug use and mortality in community-dwelling elderly with impaired 

kidney function – The Three-City population-based study 

 

Authors: Gaëlle Breton,PharmD,MSc
1,2

 Marc Froissart,MD,PhD
1,3,4

 Nicolas Janus, PharmD,
5
 

Vincent Launay-Vacher, PharmD
5
 Claudine Berr,

 
MD,PhD

6,7
 Christophe Tzourio, MD,PhD

8 

Catherine Helmer, MD,PhD
9,10

 Benedicte Stengel, MD,PhD
1,2

 

 

Institutional affiliations 
1
Inserm CESP U1018, Villejuif, France; 

2
UMR 1018, Paris-Sud University, Villejuif, France; 

3
Paris Descartes University, Paris, France; 

4
European Georges Pompidou Hospital, Paris, France; 

5
Pharmacy, Pitie-Salpetriere University Hospital, France; 

6 
Inserm U888, Montpellier, France 

7
Montpellier 1 University, Montpellier, France 

8
Inserm, U708, Paris, France 

9
Inserm, U897, Bordeaux, France 

10
Victor Segalen Bordeaux 2 University, Bordeaux, France 

 

Department and institution supporting the work : Institut National de la Santé et de la Recherche 

Médicale (Inserm) and the Victor Segalen-Bordeaux 2 University 

 

Disclaimers : None 

 

Corresponding author  

Bénédicte Stengel 

Inserm U1018, CESP Team 10 

16, avenue P. Vaillant Couturier  

94 807 Villejuif cedex 

email: benedicte.stengel@inserm.fr 

Tel 33 1 45 59 50 39  Fax 33 1 47 26 94 54 

 

 

Running title: Inappropriate drug use in the elderly with impaired kidney function  

Word count : abstract (245) Text (3152) 



 2 

Funding 

 

The Three-City study is conducted under a partnership agreement between the Institut 

National de la Santé et de la Recherche Médicale (Inserm), the Victor Segalen-Bordeaux 2 

University, and Sanofi-Aventis. The Fondation pour la Recherche Médicale funded the 

preparation and initiation of the study. The Three-City study was also supported by the Caisse 

Nationale Maladie des Travailleurs Salariés, Direction Générale de la Santé, Mutuelle 

Générale de l’Education Nationale Institut de la Longévité, Conseils Régionaux d’Aquitaine 

et Bourgogne, Fondation de France, and Ministry of Research-INSERM Program “Cohortes 

et collections de données biologiques”.  

The CKD substudy was supported by a grant from the Société de Néphrologie as well as by 

Inserm program « Réseaux de recherche » (grant A08058LS). 

G. Breton received a Research Master grant from the Fondation pour la Recherche Médicale 

(DEA20080713290)  

 

 



 3 

Abstract  

Background Glomerular filtration rate (GFR) decline with age increases the risk of 

inappropriate dosing of drugs. We investigated the determinants and the mortality associated 

with the use of drugs that are contraindicated or require dose adjustment according to kidney 

function among the community-dwelling elderly.  

Methods The Three-City population-based study included 8701 participants  65 years from 

1999 to 2001. Exposure to the risk of inappropriate drug dosage was defined as reported use 

of either a contraindicated drug or one requiring dose adjustment according to the individual 

baseline glomerular filtration rate estimated (eGFR) with the Modification of Diet in Renal 

Disease study equation. Six-year mortality was analyzed using Cox models adjusted for 

several sociodemographic, biologic and clinical risk factors. 

Results The overall percentage of exposure to the risk of inappropriate drug use was 13.3% 

(contraindication, 0.8%): it was 52.5% (4.5%) in those with eGFR of 30-59, and 96% (48%) 

in those <30 mL/min/1.73 m
2
. Antihypertensive agents, fibrates and psycholeptics accounted 

for most of the drugs with dosing recommendations, and antidiabetic agents and 

antihistamines for those contraindicated. Individuals at risk were more likely to be men, older, 

and under treatment for hypertension or hypercholesterolemia. Exposure to either risk was 

independently related to higher all-cause mortality (Hazard Ratio1.4, 95% confidence interval 

1.0-1.9) in participants with eGFR < 60 mL/min/1.73m². 

Conclusions Contraindicated drug prescription was uncommon but > 10% of the population 

took drugs requiring renal dosing adjustments. Regular monitoring of eGFR may prevent 

excess mortality associated with inappropriate drug prescription in the elderly.  
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Introduction 

Impairment of kidney function with age increases both vulnerability to drug toxicity and the 

risk of dosing too high for many drugs cleared renally.
1, 2

 Chronic kidney disease (CKD), as 

defined according to the National Kidney Foundation Kidney Disease Outcomes Quality 

Initiative (K/DOQI) 2002 classification system,
3
  by an estimated glomerular filtration rate 

(eGFR) below 60 mL/min/1.73m², is common in the elderly.
4-6

 Because it is often 

undiagnosed, older people with multiple diseases and consequently polymedication are at 

particularly high risk of inappropriate drug use.
7, 8

 

The prevalence
9-13

 and outcomes
14-16

 of inappropriate drug use, based on the Beers criteria
17, 

18
 or the Inappropriate Prescribing in the Elderly Tool 

19
, have been studied among the 

community-dwelling elderly, but CKD is rarely considered as a risk modifier for adverse drug 

events. 
18, 20

 Specifically, the prevalence and the impact of inappropriate drug dosing on 

mortality among them is unknown, although it has been examined in selected inpatient 

populations. 
21-23

 Moreover, although pharmacokinetic studies usually referred to the 

Cockcroft-Gault formula, 
24,25

 evidence today shows that the Modification of Diet in Renal 

disease (MDRD) study equation
26 

is more accurate than others for estimating GFR in the 

elderly. 
27

 Which of them should be used for adjusting drug doses is still a topic of debate. 
28-

30
  

Our primary objective was therefore to assess the prevalence among the community-

dwelling elderly of drug use inappropriate for their kidney function level, determinants of this 

use and the mortality associated with it as well as its trends before and after the 2002 CKD 

guidelines.
3
 We also studied the impact of the eGFR estimation equation on the evaluation of 

the need to adjust drug dosages. 



 5 

Methods  

Design, setting, and participants 

The Three City (3C) study is a population-based prospective cohort that included 9294 non-

institutionalized individuals aged 65 years, randomly selected from the electoral rolls of 

Bordeaux, Dijon, and Montpellier (France) from March 1999 through March 2001. Details of 

the study design are reported elsewhere.
31

 We studied 8701 participants with available 

baseline eGFR; a subsample of 2915 from two cities (limited to those < 80 in one of them) 

was also seen at 4 years and had blood taken for laboratory measurements including eGFR. 

The study protocol was approved by the Ethics Committee of Bicetre University Hospital, and 

written informed consent was obtained from all participants. 

 

Information 

Baseline data were recorded from face-to-face interviews and physical examinations. 

Participants reported demographic information, number of visits to their general practitioners 

(GP) and history of cardiovascular diseases and risk factors. Height and weight were 

measured; seated blood pressure (BP) was measured twice after 5 minutes rest and averaged. 

Hypertension was defined by a mean systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg or 

by the use of antihypertensive drugs. Diabetes was either self-reported or defined as fasting 

glucose ≥ 7 mmol/L or nonfasting ≥ 11 mmol/L (in 1% of the participants) or antidiabetic 

drug use; hypercholesterolemia, as fasting cholesterol > 6.2 mmol/L or lipid-lowering drug 

use. Serum creatinine was measured both times with the colorimetric Jaffe method.
 
It was 

remeasured with an isotope dilution mass spectrometry (IDMS) standardized enzymatic assay 

from 1720 frozen serum specimens at baseline and 325 at 4 years. This assay provided very 

reliable eGFR when compared with measured GFR in a clinical CKD patient cohort.
32

 We 

used these values to develop equations relating the Jaffe and IDMS standardized 
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measurements and standardized all baseline (1) and follow-up (2) values as follows (with Scr 

in µmol/L): (1) ScrIDMS= 0.86 x ScrJaffe + 4.40; (2) ScrIDMS= 0.87 x ScrJaffe + 7.85  

We then calculated eGFR in mL/min/1.73 m
2
 with the IDMS creatinine-based MDRD 

equation.
26

 

 

Assessment of exposure to the risk of drug use inappropriate to kidney function  

At both baseline and 4 years, participants were asked to provide their prescriptions and drug 

packages for all medications, including over-the-counter, taken more than once a week during 

the previous month.
13

 Up to 15 substances were recorded per participant and coded according 

to the WHO Anatomical Therapeutic Chemical (ATC) classification system.
33

 For each of the 

958 different registered substance codes, a pharmacist (GB) searched for any dosing 

recommendation or contraindication according to eGFR level through the principal French 

drug dictionaries (Vidal
34

 and Dorosz
35

), as well as from Information Conseil Adaptation 

Renale (ICAR) website, 
36

 a database updating renal dose adjustment guidelines based on 

international pharmacokinetic studies. With the help of senior ICAR pharmacists, an eGFR 

threshold was assigned to each substance that was either contraindicated or required dose 

adjustment (Appendix). Pharmacokinetic studies were unavailable for 225 substances. 

Exposure to the risk of inappropriate drug use was defined as reported use of either a 

contraindicated drug or one requiring dose adjustment according to the participant's eGFR 

level. In a multicomponent medication or an ATC class, each substance could involve either 

type of risk. Moreover, eGFR threshold may vary according to substance within an ATC 

class. In that case, each substance was assigned its own specific eGFR threshold. (Table 1) 

Finally, because drug doses were not recorded, only renal contraindications were certain. 

However, the 3C study started before the publication of CKD guidelines,
3
 at a time when 

French laboratories did not routinely report eGFR and primary care physicians had a 
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relatively low level of awareness of CKD. Thus, although some may indeed have monitored 

eGFR and adjusted drug dosage accordingly, it is likely that most did not. This justifies our 

analysis of baseline exposure to drugs for which dose adjustment is required as a surrogate for 

actual inappropriate dosage.  

 

Outcome measures 

Six-year mortality was assessed by active follow-up of all participants and by appropriate 

vital status searches. It remained unknown for only eight participants. 

 

Statistical analysis 

We compared baseline characteristics of participants with and without baseline eGFR. The 

latter were older than the former (76.6 versus 74.2 years), had significantly more 

cardiovascular diseases but did not differ for other studied characteristics after adjustment for 

age (data not shown). Baseline CKD prevalence, defined as an eGFR <60 mL/min/1.73m², 

and prevalence of exposure to the risk of drug use inappropriate to kidney function were 

assessed in all participants with the MDRD equation and in 8632 with the Cockcroft-Gault 

formula, because of missing weight.
25

 Crude and adjusted odds ratios and their 95% 

confidence intervals (CIs) were then estimated from logistic regression for inappropriate drug 

use exposure associated with demographic variables, number of GP visits, number of reported 

drugs, and comorbidities. We also used Cox models to assess mortality hazard ratios (HRs, 

95% CI) related to the risk of inappropriate drug use before and after adjusting for several 

confounders including sociodemographic and behavioral factors, history of cardiovascular 

diseases and cardiovascular risk factors, in participants with and without CKD. In participants 

without CKD (eGFR ≥ 60 mL/min/1.73m²), those classified as exposed to the risk of 

inappropriate drug use reported using drugs requiring dose adjustment for eGFR between 60 
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and 80 mL/min/1.73m², such as allopurinol, used to treat hyperuricemia (antigout 

preparation). Finally, in the subsample, we compared exposure to inappropriate drug use 

according to MDRD eGFR at both baseline and 4 years, that is before and after 2002. 

Analyses were performed with SAS-PC (9.1; SAS Institute Inc, Cary, NC). 
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Results 

Baseline characteristics  

In the overall population, the prevalence of eGFR < 60 mL/min/1.73m² was 13.7% with the 

MDRD equation and with the Cockcroft-Gault formula, 36.9% (Table 2). Participants 

reported an average of 4.4 medications: 44.7% ≥ 5, and 5.3% ≥ 10. Mean drug use increased 

as eGFR decreased: 4.2  2.9 for eGFR ≥ 60, 5.5  2.9 for 30-59 and 7.1  2.7 for < 30 

mL/min/1.73m². As expected in view of the selection of participants studied at 4 years, they 

were significantly younger (73.3  4.5 versus 74.8  5.9 years, P < 0.001) than those who 

were not; more of them were women (P < 0.01), but their other characteristics were similar 

(Table 2). 

 

Exposure to the risk of drug use inappropriate for kidney function level  

The most commonly reported drugs with dosing recommendations were those for the 

cardiovascular system, psycholeptics and acetaminophen (Table 1). Rilmenidine, fibrates, 

allopurinol, and bromazepam accounted for 80% of these drugs. The contraindicated drugs 

were mainly antidiabetic agents and antihistamines. Forty-four participants (0.5%) had both a 

contraindicated drug and one requiring dose adjustment. The observed overall prevalence of 

13.3% was thus slightly lower than the sum of both (Table 3). Contraindications mainly 

concerned participants with eGFR < 60 mL/min/1.73m². In contrast, 45% of the participants 

with at least one drug requiring dose adjustment had an eGFR ≥ 60 mL/min/1.73m². About 

half of the participants with eGFR of 30 - 59 (CKD stage 3) and all but one with eGFR < 30 

mL/min/1.73m² (CKD stages 4-5) reported at least one inappropriate use; contraindications 

accounted for 4.5% and 48% of those, respectively. The number of drugs either 

contraindicated or requiring dose adjustment ranged from 1 to 6; it was 1.2  0.6 on average, 

increasing from 1.0  0.2 for eGFR ≥ 60 to 1.4  0.6 for 30-59, and 2.6  1.3 for < 30 
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mL/min/1.73m². The prevalence of exposure to the risk of inappropriate drug use was much 

higher, 21.3%, when estimated with Cockcroft-Gault formula-based eGFR.   

 

Determinants of exposure to the risk of drug use inappropriate to kidney function  

Participants with at least one contraindicated drug or requiring dose adjustment were more 

likely to be men and older than those not taking such drugs (Table 4). As expected, they were 

also more likely to be under treatment for hypertension or hypercholesterolemia. Moreover, 

the higher the number of reported medications, the higher the risk. 

 

Mortality associated with exposure to the risk of drug use inappropriate to kidney function 

In participants with an eGFR < 60 mL/min/1.73m², the mortality risk significantly increased, 

by 40%, with the use of drugs requiring dose adjustment, after adjustment for confounders, 

and was of borderline significance for contraindicated drugs. In those with an eGFR ≥ 60, 

neither exposure was associated with mortality after adjustment (Table 5).  

 

Trend in exposure to the risk of drug use inappropriate to kidney function in the subsample  

Of the 2915 participants with two eGFR measures, 12.9% (0.5%) were exposed to the risk of 

inappropriate drug use (contraindication) at baseline and 17.9% (0.3%) at 4 years. Only one 

participant reported contraindication both times. It is worth noting that contraindications at 4 

years did not result from decreased eGFR in treated participants, but from new prescriptions 

in participants with CKD.  
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Discussion 

This study showed that although use of contraindicated drugs was uncommon among 

community-dwelling older people, that of drugs requiring dose adjustment may concern more 

than 10%. This exposure was independently associated with a 40% increased mortality in 

those with impaired kidney function. It was encouraging to observe that all but one of those in 

the subsample seen twice who reported contraindicated drugs at baseline were no longer using 

them at follow-up, but new prescriptions of contraindicated drug resulted in this prevalence 

remaining stable over time. This study also pointed out an opposite risk of concern — that of 

overadjusting doses by underestimating true GFR with the Cockcroft-Gault formula rather 

than using the MDRD equation. These findings have major clinical and public health 

implications. 

Assessment of exposure to the risk of inappropriate renal drug use strongly depends on 

CKD prevalence and the number of medications used in the study population. The prevalence 

of CKD that we found in those 65 years or older was about 10 to 25% lower than reported in 

most earlier studies. 
4, 5

 Although we cannot rule out the possibility that 3C participants were 

healthier than other study populations,
31

 this is probably due mainly to our use of the IDMS 

standardized creatinine-based MDRD equation, which proved to provide lower Scr values, but 

more reliable estimates of true GFR at higher eGFRs. 
26

 Indeed, using the Cockcroft-Gault 

formula raised our prevalence estimate by 23%. In contrast, compared to the Norwegian 

HUNT II study, which used the same method as here to assess eGFR, our prevalence in those 

older than 70 years was very similar: 16.0% vs 18.6% in Hunt II. 
6
 Drug consumption among 

the participants was similar to, albeit somewhat lower than, that in other studies: 44.7% of the 

3C participants reported the use of 5 or more prescription and nonprescription drugs, 

compared with the 44% and 57% observed in the late 1990s among noninstitutionalized US 

men and women aged 65 years and older, respectively;
11

 the 5.3% of those reporting at least 
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10, however, was lower than the 12%
11

 and 17.8%
10

 reported for both sexes in two US 

studies. Therefore, our prevalence estimate of elderly at risk of being prescribed inappropriate 

drug doses should be seen as rather conservative, especially given the number of substances 

for which no pharmacokinetic studies exist.  

  It has been argued in the geriatric community
29

 that, because pharmacokinetic studies 

and dosing recommendations were established with reference to the Cockcroft-Gault 

formula,
25

  it should also be used for adjusting drug doses. These studies, however, were 

performed in young healthy volunteers, a population in whom, unlike the elderly, the MDRD 

and Cockcroft-Gault equations perform equally well for estimating true GFR. 
3, 27, 30

 Because 

the former has clearly been shown to perform better than the latter in the elderly, 
27

 this 

prompted recommendations to adopt the MDRD equation for renal dose adjustment in the 

elderly. This equation has now been added to assess renal function in the revised draft 

guidance for industry on pharmocokinetic study in patients with CKD.
 25

 In this study, the 

prevalence of exposure to the risk of inappropriate drug use based on the Cockcroft-Gault 

formula was nearly twice that obtained with the IDMS standardized creatinine-based MDRD 

equation. Its use may thus potentially expose a larger number of elderly individuals to 

overadjusted dosing. It might also be argued that using the MDRD equation can introduce 

errors in renal dose adjustment in the very obese or the very lean, because it is adjusted for 

1.73 m² body surface area while GFR reference levels for dose adjustment are not. In this 

study, the participants’ mean body surface area was very close to this reference, 1.71 ± 0.2 

m², which would not much bias our prevalence estimate of people at risk at the population 

level. However, at the individual level, body surface area-unadjusted eGFR should certainly 

be used for renal dose adjustment, particularly in those lean or obese.   

We note that this risk adds to, rather than being included in, the risk of inappropriate 

drug use defined by Beers which more than a third of the 3C study participants were exposed 
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to.
13

  His list concerns different drugs with a few exceptions, including disopyramide, 

carbutamide, glipizide, cimetidine, methyldopa, monoxidine, bromazepam, and buflomedil.
17, 18

 

The profile of individuals at risk was also different. While men were at higher risk than women 

and social factors were not associated with drug use inappropriate to kidney function, the 

reverse has previously been observed for Beer’s criteria in this study.
13

 Moreover, because 

several drugs requiring dose adjustment are prescribed for hypertension or dyslipidemia, which 

are also associated with CKD, individuals with these conditions were more specifically at 

higher risk for this type of inappropriate use. Not surprisingly, however, the higher the total 

number of reported drugs the higher the risk with either definition of inappropriate drug use. 

Although adverse outcomes related to inappropriate drug use according to Beer’s 

criteria is well documented,
14-16

 this study is the first to point out that using drugs requiring 

dose adjustment is associated with excess mortality among community-dwelling elderly with 

impaired kidney function, regardless of age, gender, and several potential confounders. The 

hazard ratio for contraindicated drugs was of the same order of magnitude, but not statistically 

significant, possibly because of the small sample size for this subgroup. These findings are 

consistent with those from Hug et al,
8
 showing that adverse drug events were common among 

hospitalized adult patients with impaired kidney function, half of which classified as either 

serious or life-threatening. Interestingly, these investigators considered that more than 90% of 

these adverse events were potentially preventable with renal dose checking.
8
 Of note, among 

all the inappropriate drug use we studied, 45% concerned participants with eGFR above 60 

mL/min/1.73m². These were drugs, such as allopurinol, requiring dose adjustment for eGFR 

of 60 to 80 mL/min/1.73m², and were not associated with increased mortality.  

The large sample size of this population and the low number of participants lost to 

follow-up (8 out of 8,705 at six years) are major strengths of this study. It also has some 

limitations. First, it is possible that we underestimated the extent of the problem for two 
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reasons. The participation rate was low (37%), and those who participated were younger, 

more often women, and had a higher socioeconomic level than in the elderly in general.
31

 

While we found no or little association between sex or socioeconomic factors and exposure to 

the risk of drug use inappropriate to kidney function, older age was an important determinant 

and might have biased our prevalence estimates towards lower values. Recall bias of drug use 

is also possible, but we sought to limit it by asking participants to provide drug packages and 

prescriptions. Moreover, medication data were further validated in a subsample, by comparing 

participant reports with health insurance claims: agreement was good, at least for drugs 

prescribed for chronic conditions, which account for most of those considered here.
37

 

Second, drug doses were not recorded. While this did not prevent us from assessing 

the prevalence of contraindications, we could not formally estimate the prevalence of doses 

truly inappropriate for kidney function level. Several reasons, however, beyond the absence of 

eGFR levels on laboratory reports at the time of the study start, lead us to believe that the true 

risk may be close to the need for dosing adjustment that we actually measured. Several recent 

studies show that awareness of CKD among both physicians and patients in ambulatory 

population is poor, thereby indicating that eGFR monitoring before drug prescriptions is 

likely to be uncommon even today. 
38-41

 Patients with CKD were also shown to be at 

particularly high risk for adverse safety events that may influence outcomes.
 42

 The excess 

mortality we observed in participants with CKD using drugs requiring dose adjustment indeed 

argues for the reality of this risk. It may have been, however, underestimated if some 

participants were misclassified.  

 Third, GFR was estimated and not measured. However, creatinine measurements were 

IDMS standardized, and eGFR was estimated with the IDMS creatinine-based MDRD 

equation, which has proved more accurate than previously used equations.
26
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In conclusion, the risk of elderly people receiving inappropriate drug dosages is high, 

especially the very old and those with cardiovascular risk factors. Our study provides new 

evidence that this exposure is associated with significantly higher mortality risk. These 

findings should prompt more regular monitoring of eGFR in the elderly than is currently 

recommended and thus allow drug doses to be carefully monitored and adjusted, thereby 

preventing adverse events due to overdosing.  
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