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Abstract

Background: Renal function decreases with age. Dosage adjustment according to renal function is indicated for
many drugs, in order to avoid adverse reactions of medications and/or aggravation of renal impairment. There are
several ways to assess renal function in the elderly, but no way is ideal. The aim of the study was to explore renal
function in elderly subjects in nursing homes and the use of pharmaceuticals that may be harmful to patients with
renal impairment.

Methods: 243 elderly subjects living in nursing homes were included. S-creatinine and s-cystatin ¢ were analysed.

concordance were used.

Renal function was estimated using Cockcroft-Gault formula, Modification of Diet in Renal Disease (MDRD) and
cystatin C-estimated glomerular filtration rate (GFR). Concomitant medication was registered and four groups of
renal risk drugs were identified: metformin, nonsteroidal anti-inflammatory drugs (NSAID), angiotensin-converting
enzyme -inhibitors/angiotensin receptor blockers and digoxin. Descriptive statistics and the Kappa test for

Results: Reduced renal function (cystatin C-estimated GFR < 60 ml/min) was seen in 53%. Normal s-creatinine was
seen in 41% of those with renal impairment. Renal risk drugs were rather rarely prescribed, with exception for ACE-
inhibitors. Poor concordance was seen between the GFR estimates as concluded by other studies.

Conclusions: The physician has to be observant on renal function when prescribing medications to the elderly

patient and not only rely on s-creatinine level. GFR has to be estimated before prescribing renal risk drugs, but
using different estimates may give divergence in the results.

Background

Drug elimination through the kidneys is normally
impaired in the elderly, both due to reduced renal blood
flow and perturbations in glomerular filtration rate
(GFR) [1]. In addition, elderly patients have much
comorbidity, such as hypertension, diabetes, and athero-
sclerotic disease, which contribute to reduced renal
function. This is the most important pharmacokinetic
alteration in the elderly. Most drugs and their active
metabolites are eliminated through the kidneys. There-
fore dosage adjustment according to renal function is
indicated for many drugs, in order to avoid accumula-
tion of the drugs or their metabolites, adverse reactions
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and/or aggravation of renal impairment [2]. However, it
has been shown that these adjustments are inadequately
made by clinicians [3,4].

There is no ideal way to assess renal function in the
elderly. Serum creatinine level alone is often very mis-
leading. Many geriatric patients with a “normal” serum
creatinine level actually have a moderate renal impair-
ment when GFR is estimated [4,5]. The use of GFR esti-
mation equations, such as the Modification of Diet in
Renal Disease (MDRD) or the Cockcroft and Gault for-
mula (CG), should increase the awareness among physi-
cians about the accuracy of renal function [6]. However,
there is a variation in creatinine metabolism among
these comorbid patients [7]. The use of cystatin C for
estimating GFR may be a better alternative, since it is
not affected by the muscle volume [8]. There are how-
ever studies showing that cystatin C is not independent
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of body composition [9]. S-cystatin C seems to be a use-
ful marker for estimating GFR in the elderly [10].

There are many common pharmaceuticals that may be
harmful to patients with renal impairment. Metformin is
the first-line drug of choice for patients with type 2 dia-
betes mellitus with beneficial effects on insulin resistance
and hyperglycaemia [11]. However, like all drugs it also
has side effects and the main concern with metformin is
the elevated risk of lactic acidosis. This risk can be mini-
mized by avoiding the drug or adjusting the dose in
patients with renal impairment, advanced coronary or
lung illness, or concomitant use of contrast media.

Nonsteroidal anti-inflammatory drugs (NSAID) are
widely used medications in the treatment of musculos-
keletal disorders, also among elderly [12]. This may be
inadequate, especially when used on regular basis, since
the risk of renal toxicity is obvious in patients with
reduced renal function [2,13,14]. However, even after an
occasional intake of diclofenac, the renal function in
healthy elderly is impaired [15]. Hence, the kidneys are
not only responsible for changes in pharmacokinetics,
but also the target organ of adverse reactions [2].

Angiotensin-converting enzyme inhibitors (ACEI) are
used for the treatment of congestive heart failure, hyper-
tension, for secondary prevention after myocardial
infarction and for slowing the progression of renal dis-
ease [16]. Hyperkalemia does not usually occur in reno-
competent patients, but can be common in patients
with renal impairment, diabetes and those taking medi-
cations which interfere with renal potassium secretion.
Therefore potassium levels should be monitored care-
fully in patients at risk. There is no specific creatinine
level that is an absolute contraindication to ACEI ther-
apy. However, it is recommended to titrate the dosage
slowly when initiating treatment and the target dosage
may have to be reduced [16]. An initial increase of 20
percent in the serum creatinine levels is common, but it
is not an indication for discontinuing the medication.
The same cautions apply when prescribing angiotensin
receptor blockers (ARB) as ACEL

Digoxin is used as symptomatic treatment in subjects
with heart failure and atrial fibrillation. Morbidity asso-
ciated with the use of digoxin is common due to its nar-
row therapeutic index. The toxicity of digoxin is dose
dependent and is often the result of alterations in renal
function [17]. In patients with renal impairment, digoxin
therapy is associated with an increase in the risk of car-
diac dysrhythmias [18]. For this reason it is recom-
mended to reduce the dose in these patients and the
serum concentration must be monitored carefully.

There is not much research on the population of frail
elderly in nursing homes, although these patients often
have both many medications and reduced renal func-
tion. The aim of this study was to explore the renal
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function in elderly subjects in nursing homes by using
different GFR estimates and to investigate the associa-
tion between the estimates. We also (and firstly) wanted
to assess the use of pharmaceuticals that may be harm-
ful to patients with renal impairment. Did the clinicians
take notice of the impaired renal function before
prescription?

Methods

Study population

This study was performed in three municipalities in
southern Sweden: Jonkoping, Linkoping and Eslov, as a
part of a larger project, SHADES (Study on Health And
Drugs in Elderly in nursing homes in Sweden). SHADES
is a cohort study, which describes and analyzes mortal-
ity, morbidity and use of pharmaceuticals in people liv-
ing in nursing homes in Sweden [19]. The aim of
SHADES is to use the results to plan interventions giv-
ing better health, less adverse drug reactions and reduce
the number of unplanned hospital admissions. All parti-
cipants in the present study were elderly with multiple
comorbidities, living in nursing homes and aged 65
years or more. All subjects living in the 11 nursing
homes were invited to participate in the study with the
exclusion criteria of severe illness/palliative care or lan-
guage problems. The baseline comprehensive assessment
was performed between March 2008 and September
2009, when 243 of the 315 subjects in the SHADES
study were included

Method

A nurse in each municipality respectively performed the
investigations, which comprised data on concomitant
medication, diagnoses, blood pressure and hospital stays.
Many other variables were investigated for the main
project. Blood samples for analyzes of s-creatinine and
s-cystatin C were taken at the time of inclusion. S-creati-
nine concentrations were measured using the two-point,
fixed-time kinetic Jaffé reaction on an ADVIA 1800 auto-
mated analyzer (Siemens, Deerfield, IL, USA) and cali-
brated to isotope dilution mass spectrometry (IDMS)-
traceable values. S-cystatin C concentrations were mea-
sured using a fully-automated, rapid, particle-enhanced
turbidimetric immunoassay on an ADVIA 1800 auto-
mated analyzer (Siemens, Deerfield, IL, USA). Reference
values for s-creatinine were considered <90 pmol/l for
women and <100 pmol/l for men. Patient’s weight was
measured. We used the modified MDRD [20] and the
Cockcroft and Gault formulae (CG) for the estimation of
renal function from creatinine. The CG-value was adjusted
for body surface area calculated by the Mosteller’s formula
[21]. GER was also estimated from cystatin C, using the
Grubb formula [22]. In the analyzes we set cut-off points
for GFR at 60 ml/min and 30 ml/min respectively, in
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order to harmonize with the National Kidney Foundation
staging of chronic kidney disease (CKD): GFR > 60 ml/
min stage 1+2 (normal renal function and mild reduction),
GEFR 59-30 ml/min stage 3 (moderate reduction) and GFR
< 30 ml/min stage 4+5 (severe reduction and renal failure)
[23].

Within the medication list, four medication groups
were selected for analysis and correlation to renal func-
tion: metformin, NSAIDs, ACE-inhibitors/ARBs and
digoxin. These groups were selected due to an estab-
lished need for dosage adjustment or avoiding according
to renal function and being quite commonly prescribed
in elderly patients. Renal function was in this analysis
estimated from cystatin C, since this estimate is cur-
rently the most commonly used by clinicians in Sweden.

Statistical methods

All statistical analyzes were performed using SPSS statis-
tical package 18.0 (SPSS, Inc. Chicago, IL). We calcu-
lated kappa-value to describe concordance between the
different methods of estimating GFR. Since there is an
ordinal rating of eGFR, we calculated pair wise weighted
k (with squared weights) by the method given by Fleiss
[24]. A kappa value <0.20 is considered poor, fair for
0.21-0.40, moderate for 0.41-0.60, good for 0.61-0.80
and very good for 0.81-1.00.

Ethics
The ethical committee at Linkdping University approved
the project no. M 150-07.

Results
In all 243 patients were included. Baseline characteris-
tics of the subjects are presented in table 1. Diagnosis
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prevalences are chosen and reported due to the selected
investigated medication groups and their indications.

Cystatin C-estimated GFR was 58.5 ml/min/1.73 m*
on average. In women with reduced renal function
(cystatin C-estimated GFR < 60 ml/min/1.73 m?) 42 out
of 95 (44.2%) had a normal serum creatinine level (<90
pmol/l). Of men, 11 out of 34 (32.4%) with reduced
renal function had a normal serum creatinine level
(<100 umol/l). In all 129 subjects had a cystatin C-esti-
mated GER of less than 60 ml/min/1.73 m* and of those
53 (41.1%) had a normal serum creatinine level. In 30
subjects with GFR of less than 30 ml/min 4 patients had
normal serum creatinine levels.

Renal function and staging of all subjects using three
GEFR estimates (cystatin C-estimated, Cockcroft - Gault,
modified MDRD) are shown in table 2. Weighted kappa
was 0.42 (95% CI 0.34-0.51) for MDRD-CG, 0.46 (95%
CI 0.36-0.55) for CysC-CG and 0.60 (95% CI 0.52-0.68)
for MDRD-CysC.

Metformin was prescribed to four patients (three
women and one man) and all these had a GFR of more
than 60 ml/min if GFR was estimated from cystatin C
or with the MDRD formula. One patient taking metfor-
min had a GFR of less than 60 ml/min (58.9) according
to the Cockcroft-Gault formula. The median metformin
daily dose was 1.5 g (range 1.5-2.0).

Digoxin prescription for patients in different stages of
renal function is shown in table 3. In all digoxin was pre-
scribed to 19 patients (13 women and 6 men). Of those nine
patients with cystatin C-estimated GER less than 60 ml/
min/1.73 m?, four had normal serum creatinine levels. The
median digoxin daily dose was 0.13 mg (range 0.05-0.13).

NSAID prescription for patients in different stages of
renal function is shown in table 4. In all NSAID, i.e.

Table 1 Baseline characteristics of the SHADES study population 2008-2009

Men N = 63 (26%)

Women N = 180 (74%)

Mean age/years (range)

Mean body mass index (range)

Number with diabetes mellitus

Number with hypertension

Number with heart failure

Number with atrial fibrillation

Number with arthritis/arthrosis

Mean number of medications (range)

Mean systolic blood pressure/mm Hg (range)
Mean diastolic blood pressure/mm Hg (range)
Mean serum creatinine level/umol/L (range)
Mean cystatin C level/mg/L (range)

Mean cystatin C- eGFR/ml/min/1.73 m? (range)
Mean eGFR (Cockcroft-Gault)/ml/min/1.73 m? (range)
Mean eGFR (MDRD)/ml/min/1.73 m? (range)

828 (65-98) 85.7 (65-101)
25.1 (16.5-35.9) 253 (12.1-41.9)
15 (24%) 4 (19%)

8 (29%) 2 (29%)

9 (14%) 4 (13%)

11 (17%) 9 (16%)

3 (5%) 8 (10%)

7.2 (1-14) 7.1 (0-14)
127.0 (85-210) 1376 (80-215)
71.5 (30-95) 736 (40-110)
111.7 (57-609)° 817 (44-223)
148 (0.90-4.39) 137 (0.71-3.11)
545 (10-101) 59.9 (13-140)
514 (7-101) 50.5 (15-115)
672 (8-118) 64.9 (18-120)

“including one patient with exceptionally high level. (The average was 103.7 umol/L without him.)
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Table 2 Renal function by three different estimates
eGFR/CRcl (ml/min/1.73 m?)

>60 59-30 <30
Cystatin C-estimated® 114 (46.9%) 99 (40.8%) 30 (12.3%)
Cockeroft-Gault® 66 (27.2%) 148 (60.9%) 29 (11.9%)
MDRD? 149 (61.3%) 82 (33.8%) 12 (4.9%)

Presented as number of patients (%)
n = 243.

diclofenac (median daily dose 50 mg), was prescribed for
regular use to 4 patients, all women. Of those three
patients with cystatin C-estimated GFR less than 60 ml/
min/1.73 m? one had a normal serum creatinine level.

Prescription of ACE inhibitors/ARBs patients in differ-
ent stages of renal function is shown in table 5. The
most common was enalapril with a median daily dose of
10 mg (range 2.5-20). In all these medications were pre-
scribed to 40 patients (28 women and 12 men).

Discussion

This study on frail elderly subjects living in nursing
homes confirms that reduced renal function is common
in this age group. We found that cystatin C-estimated
GER of less than 60 ml/min/1.73 m* was prevalent in
more than half of the subjects. A study from Iceland
indicates an even higher prevalence, showing that GFR
of less than 60 ml/min occurs in more than 70% of
elderly multimorbid patients [25].

In subjects with renal impairment (<60 ml/min), 46%
had normal levels of s-creatinine. The clinical implica-
tion is that the assessment of renal function must not
be based only on the levels of serum creatinine before
prescribing drugs that may be harmful to elderly sub-
jects with impaired renal function. In a hospital setting,
Corsonello et al found that older patients frequently
have impaired renal function despite normal serum
creatinine levels and this concealed renal insufficiency
leads to an increased risk of adverse drug reactions to
hydrosoluble drugs [26]. Fehrman-Ekholm and Skep-
pholm showed that s-creatinine does not correlate with
age and should therefore not be used as a measurement
of renal function [27]. Furthermore, we found varying
results of GFR when using different estimates. The con-
cordance was moderate to good between MDRD and

Table 3 Number of patients in different GFR stages that
were prescribed digoxin
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Table 4 Number of patients in different GFR stages that
were prescribed NSAID

eGFR/CLcl (ml/min/1.73 m?)

>60 59-30 <30
Cystatin C-estimated® 1 2 1
Cockcroft-Gault® 1 2 1
MDRD? 2 2 0

°n = 4.

cystatin C and moderate concordance between the C-G
and Cystatin C as for C-G and MDRD. The lack of
good concordance between the estimates has also been
shown previously [6,25,28]. Normal renal function,
when considered as a GFR more than 60 ml/min, varied
in this study from 27% of the patients when using the
Cockcroft-Gault equation, to 61% when applying the
MDRD formula. This is in accordance with previous
findings, where the Cockcroft-Gault equation was
shown to underestimate GFR in the elderly [27,29]. The
National Kidney Disease Evaluation Programme does
not recommend use of the MDRD equation in indivi-
duals with unstable creatinine concentrations, which
includes patients with serious co-morbid conditions and
hospitalized patients, particularly those with acute renal
failure [23]. Consequently any creatinine-based estimat-
ing equation is unreliable when the patient is not in a
steady state. This is important to note, as these patients
often use many drugs and renal function has to be eval-
uated before starting therapy. Cystatin C-estimated GFR
is probably a more accurate measure of renal function
in this frail population [29]. However, cystatin C level
may be elevated in patients with diabetes, thyroid dis-
ease and in those with elevated levels of inflammatory
markers [30] as well as in those treated with steroids
(15 patients in this study with median daily dose of 7.5
mg prednisolone) [31]. In Sweden, electronic reporting
of cystatin C-estimated GFR has been implemented in
some regions, but it was not available to all commu-
nities that were included. A new, possibly valuable esti-
mation equation of GFR is CKD-EPI developed by
Levey et al [32], but this is not used in clinical practise
in Sweden. It is obvious that the divergences between
the estimates may cause different prescribing patterns
and also more or less caution with renal risk drugs or

Table 5 Number of patients in different GFR stages that
were prescribed ACEI/ARB

eGFR/CRcl (ml/min/1.73 m?)

eGFR/CRcl (ml/min/1.73 m?)

>60 59-30 <30 >60 59-30 <30
Cystatin C-estimated® 10 8 1 Cystatin C-estimated® 14 20
Cockcroft-Gault® 6 13 0 Cockcroft-Gault® 1 23
MDRD? 13 6 0 MDRD? 22 14

n=19.

“n = 40.
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varying dosage adjustment depending on which estimate
of GFR the physician uses.

In this study population, the investigated renal risk
drugs were rather rarely prescribed, especially metfor-
min (4 patients) and NSAID (4 patients). This may indi-
cate awareness among the prescribers of renal
impairment in the elderly population and the accompa-
nied risk when prescribing medications. The awareness
of this risk of metformin appears higher than previously
reported. In an out-patient clinic in Palestine 60% of the
patients treated with metformin had at least one contra-
indication [33] and a Thai study showed that over 80%
of patients with type 2 diabetes with contraindication
for metformin were using this medication [34].

The exception in our study is ACE-inhibitors/ARB,
which were prescribed to 40 patients. These medications
however, are also renoprotective and should thus be
considered for this group of patients. Many of the sub-
jects using ACE-inhibitors/ARB had reduced GER (65%
when cystatin C-estimated). This may represent an
intentional use for these patients as renoprotection.
However, one has to be observant and the potassium
levels should be strictly monitored. The use of diuretics
was frequent, 100 patients, and this may of course also
affect potassium levels.

Almost half of the subjects taking digoxin had reduced
GFR (<60 ml/min). This may be risky, due to the nar-
row therapeutic index of digoxin. There is an obvious
risk that GFR is gradually decreasing even more, with
the subsequent accumulation and adverse reactions.
Sweileh et al found that digoxin was one of the most
commonly prescribed inappropriate medications in
patients with renal insufficiency [35]. Accordingly,
digoxin is one of the medications frequently seen in
patients admitted to hospital due to adverse reactions
[36]. Probably the prescribers of the patients in our
study had only observed s-creatinine before initiating
the digoxin therapy, since almost half of the subjects
with renal impairment had normal levels of s-creatinine.
It is however not surprising that 19 patients were pre-
scribed digoxin, since as many as 40 patients had
chronic atrial fibrillation.

This study has some limitations. First, we only used
different estimates for calculating GFR and did not have
any true values of GFR to compare with, i.e. iohexol
clearance. Second, this study investigated only the frail-
est and most multimorbid patients and the results can-
not therefore be generalized to the entire population of
elderly. On the other hand, the clinical relevance of the
study is high, since these frail patients are more sensitive
to adverse reactions and hence, the physician has to be
extraordinary observant on renal function. It is possible
that the reported diagnoses are not complete, since they
are collected from the medical records and since some
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of the patients may be treated in relation to symptoms
without a diagnosis. The included nursing homes, and
hence the investigated patients, were not randomly
selected but were conveniently sampled. The present
study was a cross-sectional study and therefore it was
not possible to state if s-creatinine was a stable value.
There was however no clinical suspicion of any patient
having an acute kidney injury. Since it is a cross-
sectional study, we cannot know whether the NSAID
use was permanent or for limited-time use. There were
no details available about possible attempts to adjust the
drugs for renal dosing. It is possible that drug use lead-
ing to adverse reactions was not captured, but only
medications in patients who tolerate being on these
renal risk medications.

Since impaired renal function is common among the
elderly, further research is needed in this area. More
knowledge about how to estimate renal function in a
simple and precise way would be valuable. More
research is also required about medications used for this
population, so that guidelines for dosage, therapy initiat-
ing and possible interactions will be evidence based.

Conclusions

We report that reduced renal function is common
among frail elderly subjects living in nursing homes,
although nearly half of those with renal impairment
have a normal creatinine level. Lack of good concor-
dance was found between the different GFR estimates
used. In this study population, the investigated renal
risk drugs were rather rarely prescribed, implicating
awareness among physicians about the risks. The clinical
implication of this study is that the physicians have to
be cautious when prescribing medications that may be
harmful to elderly subjects with renal impairment and
this decision should not be based solely on serum creati-
nine levels. GFR has to be estimated before prescribing
renal risk drugs, but using different estimates may give
different results.

Acknowledgements

This study was financially supported from Medical Research Council of
Southeast Sweden (FORSS). We thank Dr UIf Jakobsson for statistical
assistance.

Author details

'Department of Clinical Sciences in Malmo, Center for Primary Health Care
Research, Lund University, Malmo, Sweden. “Unit of Research and
Development in Primary Care, Futurum, Jonképing, Sweden. *Department of
Medical and Health Sciences, Primary Care, Linkdéping University, Linkdping,
Sweden.

Authors’ contributions

SMO participated in the design of the study, performed the analysis and
drafted the manuscript. CL, CJO, SMO and PM participated in the design of
the study and revised the manuscript. All authors read and approved the
final manuscript.



Modig et al. BMC Geriatrics 2011, 11:1
http://www.biomedcentral.com/1471-2318/11/1

Competing interests
The authors declare that they have no competing interests.

Received: 12 May 2010 Accepted: 11 January 2011
Published: 11 January 2011

References

1.
2.

20.

22.

Turnheim K: Drug therapy in the elderly. Exp Gerontol 2004, 39:1731-1738.
Muhlberg W, Platt D: Age-dependent changes of the kidneys:
pharmacological implications. Gerontology 1999, 45:243-253.

Salomon L, Deray G, Jaudon MC, Chebassier C, Bossi P, Launay-Vacher V,
Diquet B, Ceza JM, Levu S, Brucker G, Ravaud P: Medication misuse in
hospitalized patients with renal impairment. Int J Qual Health Care 2003,
15:331-335.

Wong NA, Jones HW: An analysis of discharge drug prescribing amongst
elderly patients with renal impairment. Postgrad Med J 1998, 74:420-422.
Kurtal H, Schwenger V, Azzaro M, Abdollahnia N, Steinhagen-Thiessen E,
Nieczaj R, Schulz RJ: Clinical value of automatic reporting of estimated
glomerular filtration rate in geriatrics. Gerontology 2009, 55:288-295.
Mayer G: Renal function in the elderly and drug dosing. Gerontology
2009, 55:417-421, discussion 422-416.

Wasen E, Isoaho R, Mattila K, Vahlberg T, Kivela SL, Irjala K: Estimation of
glomerular filtration rate in the elderly: a comparison of creatinine-
based formulae with serum cystatin C. J Intern Med 2004, 256:70-78.
Grubb AO: Cystatin C-properties and use as diagnostic marker. Adv Clin
Chem 2000, 35:63-99.

Macdonald J, Marcora S, Jibani M, Roberts G, Kumwenda M, Glover R,
Barron J, Lemmey A: GFR estimation using cystatin C is not independent
of body composition. Am J Kidney Dis 2006, 48:712-719.

Fehrman-Ekholm |, Seeberger A, Bjork J, Sterner G: Serum cystatin C: a
useful marker of kidney function in very old people. Scand J Clin Lab
Invest 2009, 69:606-611.

DeFronzo RA, Goodman AM: Efficacy of metformin in patients with non-
insulin-dependent diabetes mellitus. The Multicenter Metformin Study
Group. N £ngl J Med 1995, 333:541-549.

Visser LE, Graatsma HH, Stricker BH: Contraindicated NSAIDs are frequently
prescribed to elderly patients with peptic ulcer disease. Br J Clin
Pharmacol 2002, 53:183-188.

Whelton A, Schulman G, Wallemark C, Drower EJ, Isakson PC, Verburg KM,
Geis GS: Effects of celecoxib and naproxen on renal function in the
elderly. Arch Intern Med 2000, 160:1465-1470.

Gooch K, Culleton BF, Manns BJ, Zhang J, Alfonso H, Tonelli M, Frank C,
Klarenbach S, Hemmelgarn BR: NSAID use and progression of chronic
kidney disease. Am J Med 2007, 120(280).e281-287.

Juhlin T, Bjorkman S, Hoglund P: Cyclooxygenase inhibition causes
marked impairment of renal function in elderly subjects treated with
diuretics and ACE-inhibitors. Eur J Heart Fail 2005, 7:1049-1056.

Bicket DP: Using ACE inhibitors appropriately. Am Fam Physician 2002,
66:461-468.

Pervaiz MH, Dickinson MG, Yamani M: Is digoxin a drug of the past? Cleve
Clin J Med 2006, 73:821-832.

Rea TD, Siscovick DS, Psaty BM, Pearce RM, Raghunathan TE, Whitsel EA,
Cobb LA, Weinmann S, Anderson GD, Arbogast P, Lin D: Digoxin therapy
and the risk of primary cardiac arrest in patients with congestive heart
failure: effect of mild-moderate renal impairment. J Clin Epidemiol 2003,
56:646-650.

Ernsth Bravell M, Westerlind B, Midlév P, Ostgren C, Borgquist L,

Lannering C, Mélstad S: How to assess frailty and the need for care?
Report from the Study of Health and Drugs in the Elderly (SHADES) in
community dwellings in Sweden. Arch Gerontol Geriatr .

Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, Van Lente F:
Expressing the Modification of Diet in Renal Disease Study equation for
estimating glomerular filtration rate with standardized serum creatinine
values. Clin Chem 2007, 53:766-772.

Mosteller R: Simplified calculation of body-surface area. N £ngl J Med
1987, 317:1098.

Grubb A, Nyman U, Bjork J, Lindstrom V, Rippe B, Sterner G, Christensson A:
Simple cystatin C-based prediction equations for glomerular filtration
rate compared with the modification of diet in renal disease prediction
equation for adults and the Schwartz and the Counahan-Barratt
prediction equations for children. Clin Chem 2005, 51:1420-1431.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 6 of 6

National Kidney Disease Education Program. [http://nkdep.nih.gov],
Accessed October 25, 2010.

Fleiss J: Statistical Methods for Rates and Proportions. New York: Wiley;, 2
1981.

Ramel A, Jonsson PV, Bjornsson S, Thorsdottir I: Differences in the
glomerular filtration rate calculated by two creatinine-based and three
cystatin-C-based formulae in hospitalized elderly patients. Nephron Clin
Pract 2008, 108:c16-22.

Corsonello A, Pedone C, Corica F, Mussi C, Carbonin P, Antonelli Incalzi R:
Concealed renal insufficiency and adverse drug reactions in elderly
hospitalized patients. Arch Intern Med 2005, 165:790-795.
Fehrman-Ekholm |, Skeppholm L: Renal function in the elderly (>70 years
old) measured by means of iohexol clearance, serum creatinine, serum
urea and estimated clearance. Scand J Urol Nephrol 2004, 38:73-77.

Gill J, Malyuk R, Djurdjev O, Levin A: Use of GFR equations to adjust drug
doses in an elderly multi-ethnic group-a cautionary tale. Nephrol Dial
Transplant 2007, 22:2894-2899.

Torner A, Odar-Cederlof |, Kallner A, Akner G: Renal function in
community-dwelling frail elderly. Comparison between measured and
predicted glomerular filtration rate in the elderly and proposal for a
new cystatin C-based prediction equation. Aging Clin Exp Res 2008,
20:216-225.

Knight EL, Verhave JC, Spiegelman D, Hillege HL, de Zeeuw D, Curhan GC,
de Jong PE: Factors influencing serum cystatin C levels other than renal
function and the impact on renal function measurement. Kidney Int 2004,
65:1416-1421.

Risch L, Huber AR: Glucocorticoids and increased serum cystatin C
concentrations. Clin Chim Acta 2002, 320:133-134.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman HI,

Kusek JW, Eggers P, Van Lente F, Greene T, Coresh J: A new equation to
estimate glomerular filtration rate. Ann Intern Med 2009, 150:604-612.
Sweileh WM: Contraindications to metformin therapy among patients
with type 2 diabetes mellitus. Pharm World Sci 2007, 29:587-592.
Pongwecharak J, Tengmeesri N, Malanusorn N, Panthong M,

Pawangkapin N: Prescribing metformin in type 2 diabetes with a
contraindication: prevalence and outcome. Pharm World Sci 2009,
31:481-486.

Sweileh WM, Janem SA, Sawalha AF, Abu-Taha AS, Zyoud SH, Sabri IA, Al-
Jabi SW, Jaradat NA, Zaid AA: Medication dosing errors in hospitalized
patients with renal impairment: a study in Palestine. Pharmacoepidemiol
Drug Saf 2007, 16:908-912.

Howard RL, Avery AJ, Slavenburg S, Royal S, Pipe G, Lucassen P,
Pirmohamed M: Which drugs cause preventable admissions to hospital?
A systematic review. Br J Clin Pharmacol 2007, 63:136-147.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2318/11/1/prepub

doi:10.1186/1471-2318-11-1

Cite this article as: Modig et al: The assessment of renal function in
relation to the use of drugs in elderly in nursing homes; a cohort study.
BMC Geriatrics 2011 11:1.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
e Convenient online submission
e Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BioMed Central
J



http://www.ncbi.nlm.nih.gov/pubmed/15582289?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10460985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10460985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12930048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9799917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9799917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19001785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19001785?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15189368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15189368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15189368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11040958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17059990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17059990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19517296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19517296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7623902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7623902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7623902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11851642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11851642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10826459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10826459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16227143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16227143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16227143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12182524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16970134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12921933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12921933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12921933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20678818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20678818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20678818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17332152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17332152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17332152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3657876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15961546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15961546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15961546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15961546?dopt=Abstract
http://nkdep.nih.gov
http://www.ncbi.nlm.nih.gov/pubmed/18075276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18075276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18075276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15824299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15824299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15204431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15204431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15204431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17575316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17575316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18594189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18594189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18594189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18594189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15086483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15086483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11983211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11983211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19414839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19414839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17333496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17333496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19462255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19462255?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17464934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17464934?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16803468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16803468?dopt=Abstract
http://www.biomedcentral.com/1471-2318/11/1/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Method
	Statistical methods
	Ethics

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


