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Abstract
Introduction: With an aging population, the proportion of older people increases in
society. Multiple and chronic diseases and drug use are common amongst older people.
This makes this group of people more sensitive to drugs and their side effects, and
especially vulnerable are older people with dementia. There is an increased risk of
adverse drug reactions caused by drug and metabolite accumulation due to the
decreasing renal function among old people. Therefore, it is important to consider the
renal function when prescribing drugs that need to be dose adjusted according to the
renal function.
Purpose: To explore the prevalence of impaired renal function and inappropriate
prescriptions according to the renal function among older patients with dementia or
cognitive impairment.
Method: In this cross-sectional study, medical records from 376 patients, 65 years and
older with cognitive impairment, were reviewed. The prescribed drugs that the patients
had at the date of admission to Norrland University Hospital or the county hospital of
Skellefteå were collected. Drugs that need to be dose adjusted according to the renal
function were identified using Swedish guideline. The renal function estimation
method used in order to evaluate the prevalence of inappropriate prescriptions and
impaired renal function was the Cockcroft-Gault equation. Data used for the
calculations were taken from the patients’ medical records at the date of
randomization. The doses were evaluated according to the Geriatric Dosage Handbook.
Results/Discussion: An impaired renal function, defined as an estimated glomerular
filtration rate (eGFR) <60 mL/min, was seen among 65.2% of the study population. An
association between impaired renal function and older age was seen. No association
between renal impairment and degree of cognitive impairment, gender or type of living
was seen. Among the 284 people prescribed a drug that needed to be dose adjusted,
9.4% (46/488) prescriptions were inappropriate according to renal function, a result
that should be put into clinical perspective. Of these 284 people, 14.1% (40/284) had
one or more inappropriate prescriptions. The most commonly involved drugs were
metformin and allopurinol. Those with an older age, with a lower renal function and
those living in geriatric care units were more often affected.
Conclusion: The prevalence of inappropriate prescriptions among the study population
was 9.4%, 14.1% of the patients were affected and the prevalence of impaired renal
function was 65.2%. When prescribing medications it is important to continuously take
renal function into consideration in order to avoid adverse drug reactions among older
people with dementia or cognitive impairment. Based on the results in the present
study, special focus should be directed to geriatric care units.
Key words: Older patients, cognitive impairment, renal function, drugs, inappropriate
prescription.

I

II

Table of contents
ABSTRACT	
  ..............................................................................................................................................	
  I	
  
TABLE	
  OF	
  CONTENTS	
  .......................................................................................................................	
  III	
  
INTRODUCTION	
  ...................................................................................................................................	
  1	
  
OLDER	
  PEOPLE	
  AND	
  DEMENTIA	
  ............................................................................................................................	
  1	
  
ADVERSE	
  DRUG	
  REACTIONS	
  (ADR’S)	
  AND	
  RENAL	
  FUNCTION	
  IN	
  OLDER	
  PEOPLE	
  ........................................	
  1	
  
PURPOSE	
  ...................................................................................................................................................................	
  3	
  
MAIN	
  QUESTIONS	
  ....................................................................................................................................................	
  3	
  
METHOD	
  .................................................................................................................................................	
  4	
  
SETTINGS	
  AND	
  STUDY	
  DESIGN	
  ..............................................................................................................................	
  4	
  
DATA	
  EXTRACTION	
  .................................................................................................................................................	
  4	
  
DATA	
  ANALYSIS	
  .......................................................................................................................................................	
  6	
  
ETHICAL	
  CONSIDERATIONS	
  ...................................................................................................................................	
  6	
  
RESULTS	
  .................................................................................................................................................	
  7	
  
CHARACTERISTICS	
  OF	
  STUDY	
  SAMPLE	
  .................................................................................................................	
  7	
  
RENAL	
  FUNCTION	
  IN	
  STUDY	
  SAMPLE	
  ...................................................................................................................	
  8	
  
Association	
  between	
  patient	
  characteristics	
  and	
  renal	
  impairment	
  ..........................................	
  9	
  
PREVALENCE	
  OF	
  INAPPROPRIATE	
  PRESCRIPTIONS	
  AND	
  IDENTIFIED	
  MEDICATIONS	
  ..................................	
  9	
  
Patient	
  characteristics	
  and	
  inappropriate	
  prescriptions	
  ...............................................................	
  11	
  
DISCUSSION	
  .........................................................................................................................................	
  12	
  
PREVALENCE	
  OF	
  IMPAIRED	
  RENAL	
  FUNCTION	
  ................................................................................................	
  12	
  
Association	
  between	
  patient	
  characteristics	
  and	
  renal	
  impairment	
  ........................................	
  12	
  
PREVALENCE	
  OF	
  POTENTIALLY	
  INAPPROPRIATE	
  PRESCRIPTIONS	
  ..............................................................	
  13	
  
Patient	
  characteristics	
  and	
  inappropriate	
  prescriptions	
  ...............................................................	
  14	
  
STRENGTHS	
  ...........................................................................................................................................................	
  15	
  
LIMITATIONS	
  .........................................................................................................................................................	
  15	
  
FURTHER	
  ASPECTS	
  ...............................................................................................................................................	
  16	
  
CONCLUSION	
  .......................................................................................................................................	
  16	
  
ACKNOWLEDGEMENT	
  .....................................................................................................................	
  17	
  
REFERENCES	
  .......................................................................................................................................	
  18	
  

III

IV

Introduction
Older people and dementia
With an aging population, the proportion of older people increases in society [1-3].
According to Swedish Statistics the number of people 65 years and older is expected to
increase with 314 000 people in the next 10 years from 2014 until 2024. This will
account for the largest increase compared to all age categories in the population. The
main reason being the large population growth during the 1940’s and an increased life
expectancy. In December 2013 those 65 years and older accounted for approximately
19% of the Swedish population and it is estimated that this number will grow to be
approximately 25% of the total population in 2060 [4].
In an older population chronic and multiple diseases are common [1]. Dementia is one
of them [5]. According to Swedish Statistics there were 1 872 000 people, 65 years and
older in Sweden 2013 [4] and 151 000 of those were diagnosed with different types of
dementia according to a report compiled by the National Board of Health and Welfare
[6]. This number is expected to become significantly larger after 2020 when the
number of people that are 80 years and older are expected to increase in society [7].
People that do not fulfil the criteria for having dementia may be diagnosed with Mild
Cognitive Impairment (MCI). Many of these will develop Alzheimer’s disease (AD) later
on [5] and are therefore not included in the dementia prevalence. The same applies to
those people that are still undiagnosed, which makes the prevalence even larger [7].
Dementia is a comprehensive concept with lowered cognitive functions such as
behavioural, emotional and neurological. This results in memory impairment, which is
a main criteria in order to be classified as dementia. In addition, the patient should be
affected to an extent such that his or her ability to perform everyday tasks is impaired.
It should not be explained by temporary confusion and therefore the symptoms must
have been there for at least six months [5]. In order to categorize how severe the
dementia is, a Mini-Mental Stage Examination (MMSE) test may be done. The test
score range from 0 to 30 [8]. The lower the score the more severe dementia [5].
The cognitive function of older people is often reduced due to the physiologic changes,
both structural and neurochemical, that are occurring in the Central Nervous System
(CNS). There are different types of cognitive dysfunctions in the older population and
the two most important ones are AD and Vascular dementia (VD) which both results in
an impairment in intellectual capacity [1].
Adverse drug reactions (ADR’s) and renal function in older people
Older people with multiple chronic conditions are often subject to polypharmacy. Due
to that they are more sensitive to drugs and ADR’s [1,3,9]. An ADR is defined as “an
unintended and noxious effect that is attributable to a medicine when it has been
given within normal range of doses used in man” [10]. The increased risk of
interactions between drugs also contributes to an increased risk for ADR’s and the
ADR’s often become more severe in older people compared to younger individuals [1].
As people get older physiological changes occur in the body [2]. The neurochemical
changes in neurotransmitter substances that occur in people with dementia [1], explain
why this patient group is extra vulnerable to drugs and ADR’s, which may occur at
higher frequency, and to a higher degree [2,11]. Despite this fact, there is often a
negative prescribing pattern occurring among people with dementia compared to older
people without cognitive impairment [12]. CNS drugs such as antipsychotics are
commonly used in order to treat symptoms due to dementia even though this drug use
is associated with severe ADR’s. Despite that, those with dementia may even be at
increased risk of being prescribed this type of drugs [12,13].
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According to Läkemedelsboken 2013-2014, 20% of all admissions to hospital are totally
or partly due to drug side effects [14] and 80% of the ADR’s are dose related and
therefore possible to prevent [1,3].
The physiological changes also affect the pharmacokinetic parameters absorption,
distribution, metabolism and elimination of a drug [1,3], which in turn will affect the
drug concentration in the body [3]. The elimination of drugs is an important
pharmacokinetic parameter that is affected in older people [3] due to an impairment of
renal function [1,3]. The renal mass declines with aging and the numbers and size of the
nephrons are reduced [15]. This results in reduced glomerular and tubular filtration
[1,3]. In general the glomerular filtration rate (GFR) decreases 1% per year in the adult
population [2], this decline starts at the age of 45-50 [16]. However this varies amongst
individuals [14].
Chronic Kidney Disease (CKD) is a common and growing problem within the older
population [15,17] and is defined as an estimated glomerular filtration rate (eGFR) <60
mL/min [15,16,18]. This limit applies both in Sweden and internationally [15,16,18-20].
CKD is associated with many comorbid medical conditions and it is a common cause of
death in older people [15]. Despite this, CKD is often under-reported in older people
[9].
A GFR <50 mL/min is considered to be a risk factor for experiencing ADR’s [17].
Renally excreted drugs such as digoxin and lithium with a narrow therapeutic index can
accumulate and give toxic concentrations. Drugs with active metabolites, such as
morphine and glyburide [21] are important to take into consideration since the
metabolites may cause ADR’s. It is therefore needed to estimate the renal function
when prescribing renally excreted drugs among older people.
Two endogenous markers are commonly used in order to estimate the renal function;
creatinine and cystatin C [3,20]. Today, cystatin C is not routinely used in order to
estimate the patients’ renal function, instead serum creatinine concentration (Cs,cr) is
more commonly used in the healthcare. Creatinine is a waste product produced at a
constant rate from muscle breakdown and is excreted via glomerular filtration [1].
Usually the production rate is the same as the elimination rate [2]. Cs,cr is therefore
influenced by the GFR, tubular secretion, amount of muscles and muscle injury, but
also meat intake and the hydration degree in the body [14]. Strenuous exercise may also
result in higher Cs,cr [1].
Just measuring Cs,cr is not a good method for estimating GFR because the Cs,cr does not
increase linearly with respect to the normal decrease in renal function [14]. It takes
time for the Cs,cr to reflect a change in renal function especially when the renal function
is severely impaired and Cs,cr therefore also depends on how acute the renal function
alters and on the degree of impairment [2]. The creatinine production and the
creatinine clearance (CLcr) decreases with age, which leads to the fact that Cs,cr still is
fairly constant [2,15]. Therefore the GFR must be estimated instead [1].
The estimation of the renal function can be done in several ways using different
parameters. Two commonly used estimation methods based on Cs,cr are the CockcroftGault (CG) equation and the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [1,22]. The CG equation estimates an absolute GFR (mL/min)
[16]. The result from this equation is used when drug dose recommendations are
estimated [14] since this equation is designed to be a dose estimation method [22,23].
Most dosage information that is published in dosage handbooks is based on a renal
function estimated by CG [1,15]. The CKD-EPI equation estimates a relative GFR
(mL/min/1.73m2) [16] and is utilized in order to detect and estimate CKD [22].
2

In certain patients, e.g. those with unusual muscle mass such as malnourished people
or those with amputees, the use of creatinine-based equations are limited and give less
accurate results [24]. The same applies to those with morbid obesity [1]. Studies have
shown that the different equations give different results and it also differs between
studies [19,25-27]. Therefore, there are on-going debates regarding which GFR
estimation method that is the most suitable depending on the different estimations that
they give [9,15,16,22,25,26].
Studies have been conducted where the prescriptions among older people are evaluated
according to the patients' renal function [9,15,17,25,27-30]. But as far as known and
according to the literature search, no similar study has been investigated among people
with dementia or cognitive impairment. Since people with dementia are especially
vulnerable for drugs [11], it is of extra importance to evaluate if medications are
adjusted according to the renal function among this particular group.
The net cost for the community in 2012 was estimated to 319 000 SEK for each patient
with dementia compared to 79 000 SEK for those 65 years and older without dementia
[7]. Additionally ADR’s contribute significantly to costs for society [31]. By focusing on
the result in the present study and pay attention to older people with dementia in the
medical care service, costs for society may be reduced, the individual health status may
be improved and readmissions to hospital might be reduced [1,3]; positive
consequences that also may be further investigated. This study is therefore a starting
point and gives an indication where to put further resources and what to further
investigate.
Purpose
The purpose of this study was to estimate the prevalence of impaired renal function and
the prevalence of inappropriate prescriptions of drugs that need to be dose adjusted
according to the renal function among old people with dementia or cognitive
impairment.
Main questions
The main research questions this study asked were:
- What is the prevalence of impaired renal function among this patient group?
- What is the prevalence of potentially inappropriate prescriptions evaluated according
to the patients’ renal function?
- What is the prevalence of patients having inappropriate prescriptions evaluated
according to the patients’ renal function?
The inappropriate prescriptions will be categorized into too high dose or
contraindicated prescriptions.
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Method
Settings and study design
This study, which was a cross sectional study, is a part of a randomized controlled
intervention study conducted at Norrland University Hospital and the county hospital
of Skellefteå. The purpose of the intervention was to investigate if drug-related
problems (DRP’s) and readmissions were reduced when a pharmacist conducted
medication reviews. The data collection in the intervention study started 2012 and is
still ongoing. In total, 460 patients, 65 years and older with dementia or cognitive
impairment, will be randomized to an intervention or control group. The intervention
group received an additional medication review made by a pharmacist and the control
group received standard care.
Inclusion criteria for participation in the study:
- Patients admitted to the acute internal medicine ward or the orthopaedic ward at
Norrland University Hospital or to a medicine ward at the county hospital of
Skellefteå.
- Patients 65 years and older.
- Patients with diagnosis of dementia or cognitive impairment before admission to the
hospital.
The study population in the present study was gathered from the intervention study
and intervention and control patients were treated as one homogeneous study sample.
Patients, included in the intervention study between January 2012 and October 2014,
discharged from the hospital (n=404), were included in the present study. Those
patients that deceased during hospital stay were excluded as well as those who
withdrew from the intervention study. The final sample was 376 patients.
Data extraction
The prescribed medications that the patients had at admission to the included hospital
wards were collected. Of those, the medications that needed to be dose adjusted due to
the renal function were identified, using Swedish guideline [32]. This guideline was
supplemented with newer medications registered after 2002. Dose, strength and drug
formulation were noted for every patient. Pro re nata drugs, over the counter (OTC)
drugs or formulations for local administration were not included in the analysis.
The dosage guidelines in Geriatric Dosage Handbook (GDH) [33] were applied in order
to evaluate if the drug prescriptions were inappropriate due to the patients’ renal
function. An exception was morphine that was evaluated according to Västerbottens
Terapirekommendationer (VBTR) [34] since the guideline in GDH was considered to
be unclear. The prescriptions were classified as having too high dose, defined as greater
than maximum daily dosage due to renal function, or being contraindicated for patients
with renal impairment.
The classification system1 showed in Table 1 [16,20,23] was used to estimate the CKD
stages among the study sample. The renal function was considered to be impaired in
stages 3-5, i.e. when eClcr <60 mL/min.
The estimation method used for calculating eGFR when evaluating the prevalence of
inappropriate prescriptions due to renal function was the CG equation, shown in
Table 2. The result from the CG equation, eCLcr, was also used in order to estimate the

This classification is stated in the USA and is the current guideline in Sweden and
Europe [16]. 	
  

1
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mean value of creatinine clearance and the prevalence of impaired renal function
among the study sample. For comparison purposes only, the relative eGFR was
calculated using the CKD-EPI equation and the absolute eGFR was calculated from the
relative eGFR, equations shown in Table 2, in order to estimate the CKD stages among
the study sample.
The laboratory values needed for these calculations were extracted from the patients’
medical records. Data were taken at the date of randomization, which was within one
week from admission date. The patients’ age and gender were specified in the data file
together with Cs,cr, weight and length. The type of dementia was also recorded and was
classified as AD, VD and other or unspecified (UNS) dementia. In those cases where a
MMSE test had been done, the score was noted in the data file together with the rest of
the data. The patients’ type of living was also noted and classified as if they were living
in their home or in a geriatric care unit.
Table 1. Classification of the different stages of CKD1 and their corresponding GFR.
Stage
Physiologic change
GFR (mL/min/1.73m2)
At increased risk for CKD [2]
≥90 with risk factors
1
CKD with normal kidney function
≥90
2
CKD with mild impairment of kidney function
60-89
3
Moderate impairment of kidney function
30-59
4
Severe impairment of kidney function
15-29
5
Terminal renal failure
<15
Abbreviations: CKD=Chronic Kidney Disease, GFR=Glomerular Filtration Rate.
Table 2. Equations used in the present study.
Cockcroft-Gaulta [1] used to calculate the absolute eCLcr
eGFR ≈ eCL!"   (mL/min) =

F  ×(140  –   age)  ×  weight  
  
C!,!"

CKD-EPIb used to calculate the relative eGFR [36]
In females if Cs,cr ≤0.7 mg/dL:
eGFR  (mL/min/1.73m! ) = 144  ×  

In females if Cs,cr >0.7 mg/dL:
eGFR  (mL/min/1.73m! ) = 144  ×  

In males if Cs,cr ≤0.9 mg/dL:
eGFR  (mL/min/1.73m! ) = 144  ×  

In males if Cs,cr >0.9 mg/dL:
eGFR  (mL/min/1.73m! ) = 144  ×  

!!,!" !!.!"#
!.!
!!,!" !!.!"#
!.!
!!,!" !!.!""
!.!
!!,!" !!.!"#
!.!

×  (0.993)!"#

×   0.993

!"#

×  (0.993)!"#
×  (0.993)!"#

DuBois and DuBoisc used to calculate the BSA [37]
BSA   m! =   0.007184  ×  height !.!"#   ×  weight !.!"#

Removal of BSA adjustment in order to calculate the absolute eGFR [37]
eGFR  (mL/min)    =   eGFR  (mL/min/1.73m! )  ×

!"#
!.!"

Abbreviations: eCLcr=estimated creatinine clearance, eGFR=estimated glomerular
filtration rate, Cs,cr=serum creatinine concentration, CKD-EPI=Chronic Kidney Disease
Epidemiology Collaboration, BSA=Body Surface Area.
a F=1.04 if female and 1.23 if male, age (years), weight (kg), C
s,cr (µμmol/L).
bC
(mg/dL),
given
by
C
(µμmol/L)
divided
by
88.4
[35],
age
(years).
s,cr
s,cr
c Height (cm), weight (kg).
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Data analysis
Descriptive statistics were used to summarize the data. Frequencies were calculated for
dichotomous variables such as gender and type of living. Continuous variables, for
example age, weight, Cs,cr, eCLcr and eGFR are presented as mean values with standard
deviation (SD).
To evaluate if there was any statistical significant difference between the characteristics
gender, type of living and impaired renal function between those who had
inappropriate prescriptions and those who hade correct prescriptions, Pearson χ! test
was utilized. In addition a t-test was done in order to see if there was any statistically
significant difference between age, eCLcr and MMSE score between those who had
inappropriate prescriptions and those who had correct prescriptions. The results from
the Pearson χ! test and t-test were considered statistically significant when two-sided
p-value <0.05.
Multivariate logistic regression analysis was conducted in order to investigate the
association between the dependent variable impaired renal function and the
independent variables age, gender, degree of cognitive impairment and type of living.
All analyses were conducted using Statistical Package for the Social Sciences (SPSS) for
Windows Version 22.0 (SPSS Inc; Chicago, IL, USA).
Ethical considerations
This study is approved by the Regional Ethical Review Board in Umeå (registration
number 2011-148-31M) and is registered at www.clinicaltrials.gov and follows the
clinical trials CONSORT criteria.
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Results
Characteristics of study sample
In this study, 376 (93.1%) patients were included, 28 (6.9%) were excluded, either due
to death, 26 (6.4%) or because they withdrew from the study, 2 (0.5%). The flowchart
in Figure 1 shows the distribution of included and excluded patients and how the
identified inappropriate prescriptions were distributed in the patient group.

Intervention	
  study	
  	
  
n=460	
  

Present study:
Patients eligible to be
analysed
n=404

Patients included
376/404 (93.1%)

NO identified
medication that needs
to be dose adjusted
92/376 (24.5%)

Patients excluded
28/404 (6.9%)

WITH identified
medication that needs
to be dose adjusted
284/376 (75.5%)

Patients having
correct
prescriptions
244/284 (85.9%)

Patients that
deceased during
hospital stay
26/404 (6.4%)

Patients that
regret their
participation
2/404 (0.5%)

Patients having
inappropriate
prescriptions*
40/284 (14.1%)

Patients having
too high dose
13/284 (4.6%)

Patients having
contraindicated
prescriptions
29/284 (10.2%)

Figure 1. Flowchart showing number of patients included and excluded and the
distribution of correct and inappropriate prescriptions among patients with identified
prescribed medications.
* There were two patients that had both too high dose and contraindicated
prescriptions.
Characteristics describing the study sample are shown in Table 3. The mean value ± SD
of Cs,cr in the study sample was 87.8 ± 39.5 µμmol/L. The mean value of eCLcr was 55.4 ±
22.1 mL/min when the CG equation was used. When the CKD-EPI equation was used to
estimate the absolute and relative GFR the study sample had a mean value of 64.3 ±
21.1 mL/min and 65.2 ± 20.9 mL/min/1.73m2 respectively.
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Table 3. Descriptive statistics of the study sample at randomization, presented as
frequencies, n (%), mean values ± SD and range values.
Characteristics of study sample
Cases, n
376
Women, n (%)
243 (64.6)
Age, mean ± SD, (range)
83.2 ± 6.5, (65-99)
Weight, mean ± SD, (range)
68.0 ± 15.8, (32.8-146.0)
Renal function, mean ± SD, (range)
87.8 ± 39.5, (28.0-311.0)
Cs,cr (µμmol/L)
55.4 ± 22.1, (12.8-144.3)
eCLcr (mL/min)
64.3 ± 21.1 (11.3-119.7)
eGFRa (mL/min)
65.2 ± 20.9 (11.8-115.2)
eGFR (mL/min/1.73m2)
19.9 ± 4.6 (7-29)
MMSEb (0-30), mean ± SD, (range)
Type of dementia, n (%)
107 (28.5)
Alzheimers Disease
66 (17.6)
Vascular Dementia
203 (54)
Other or UNS dementia
Type of livingc, n (%)
Living at home
266 (70.7)
Geriatric care unit
107 (28.5)
Abbreviations: SD=Standard Deviation, Cs,cr=serum creatinine concentration,
eCLcr=estimated creatinine clearance using the Cockcroft-Gault equation,
eGFR=estimated glomerular filtration rate using Chronic Kidney Disease Epidemiology
Collaboration equation, MMSE=Mini-Mental Stage Examination, UNS=unspecified.
a n=335 due to lack of length data when calculating the absolute eGFR.
b n=139 due to the test not had been performed in every patient.
c n=373 due to lack of data.
Renal function in study sample
The distribution of the five CKD stages among the study sample is presented in Table 4.
When the CG equation was used as the estimation method 245 (65.2%) patients were
estimated to have CKD stage 3-5, i.e. eCLcr <60 mL/min. When the CKD-EPI method
was used to calculate the absolute eGFR the corresponding number of patients was 139
(37.0%). Calculation of the relative eGFR resulted in 147 (39.1%) patients having an
eGFR <60 mL/min/1.73 m2.
Table 4. The frequency, n (%), of patients having the different CKD stages depending
on the renal function estimation method used; CG or CKD-EPI equation.
CKD stages
Estimation method
CG
CKD-EPI (abs)
CKD-EPI (rel)
1
2
3
4
5

n (col %)
29 (7.7)
102 (27.1)
206 (54.8)
37 (9.8)
2 (0.5)

n (col %)
39 (10.4)
157 (41.8)
122 (32.4)
15 (4.0)
2 (0.5)

n (col %)
37 (9.8)
192 (51.1)
128 (34.0)
18 (4.8)
1 (0.3)

Totally (col %)
376 (100)
335 (89.1)
376 (100)
Abbreviations: CKD=Chronic Kidney Disease, CG=Cockcroft-Gault equation, CKDEPI=Chronic Kidney Disease Epidemiology Collaboration equation, abs=absolute value
(mL/min), rel=relative value (mL/min/1.73m2), col=column.
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Association between patient characteristics and renal impairment
Table 5 shows adjusted odds ratios (OR) and 95% confidence interval (CI) from the
multivariate logistic regression analysis done in order to show the association between
the independent variables gender, age, MMSE score, type of living and the dependent
variable impaired renal function (eCLcr <60 mL/min) using the CG equation.
Table 5. The result from the multiple logistic regression analysis showing the
association between independent variables and the dependent variable renal
impairment (eCLcr <60 mL/min).
Independent
OR
95% CI
p-value
variables
Female sex
1.429
0.577-3.537
0.440
Age
1.270
1.152-1.401
<0.001
MMSE score
0.988
0.897-1.088
0.811
Geriatric care unita 1.390
0.453-4.262
0.565
Abbreviations: eCLcr=estimated creatinine clearance, OR=Odds Ratio, CI=Confidence
Interval, MMSE=Mini-Mental Stage Examination 0-30.
a Reference category: Living at home.
Prevalence of inappropriate prescriptions and identified medications
All drugs that should be dose adjusted according to the renal function and that were
identified among the patients’ medication lists are listed in Table 6. The total number of
prescriptions for each drug are listed and the prevalence of prescriptions that had too
high dose or were contraindicated are presented for each drug. In total, 57 drugs met
the inclusion criteria for being analysed and 19 (33.3%) of these were represented one
or more times among the inappropriate prescriptions.
In total 488 prescriptions were identified and 46 (9.4%) of these were inappropriate
according to the patients’ renal function. Of the 46 inappropriate prescriptions, 15 had
a too high dose and 31 were contraindicated, i.e. 3.1% (15/488) and 6.4% (31/488)
respectively, of the identified prescriptions in total. Allopurinol represented 7 (46.7%)
of the prescriptions with too high dose and metformin represented 12 (38.7%) of the
prescriptions that were contraindicated. Acetylsalicylic acid was prescribed 135 (27.7%)
times and every one of the prescriptions were considered to be correct.
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Table 6. Identified medications that need to be dose adjusted according to the renal
function and the frequency, n (%), of total and inappropriate prescriptions for each
identified drug.
Drug
Total
Too high Contraindicated Total
prescriptions dose
prescriptions
inappropriate
prescriptions
A

B
C

D
F
G

H
I
K
L
M

N
P

R

Acamprosate*
Acetylsalicylic acid
Alendronate*
Alfuzosin*
Allopurinol
Amiloride
Amoxicillin
Ampicillin
Atenolol
Azathioprine
Bendroflumethiazide*
Cefadroxil
Cefotaxime
Cetirizine
Ciprofloxacin
Codeine
Dabigatran*
Diclofenac
Dihydroergotamine*
Fluconazole
Fondaparinux*
Gabapentin
Galantamine*	
  
Glyburide
Glipizide
Hydralazine*
Hydrochlorothiazide
Ibuprofen
Ketoprofen
Levetirazetam*
Lithium
Memantine*
Methenamine*
Metformin
Methotrexate*
Metoclopramide
Mirabegron*
Morphine
Naproxen
Nitrofurantoin
Norfloxacin
Piperazillin/
Tazobactam*
Pramipexole*
Pregabalin*
Raloxifene*

n (col %)
1 (0.2)
135 (27.7)
14 (2.9)
18 (3.7)
19 (3.9)
5 (1.0)
5 (1.0)
1 (0.2)
10 (2.0)
2 (0.4)
17 (3.5)
1 (0.2)
9 (1.8)
2 (0.4)
4 (0.8)
5 (1.0)
2 (0.4)
1 (0.2)
2 (0.4)
2 (0.4)
2 (0.4)
11 (2.3)
24 (4.9)
7 (1.4)
7 (1.4)
1 (0.2)
16 (3.3)
1 (0.2)
2 (0.4)
2 (0.4)
2 (0.4)
21 (4.3)
1 (0.2)
31 (6.4)
3 (0.6)
3 (0.6)
2 (0.4)
34 (7.0)
1 (0.2)
3 (0.6)
1 (0.2)

n (col %)
7 (46.7)
1 (6.7)
1 (6.7)
1 (6.7)
1 (6.7)
1 (6.7)	
  
1 (6.7)
2 (13.3)
-

n (col %)
2 (6.5)
1 (3.2)
1 (3.2)
-‐	
  
1 (3.2)
3 (9.7)
12 (38.7)
4 (12.9)
2 (6.5)
-

n (col %)
2 (4.3)
1 (2.2)
7 (15.2)
1 (2.2)
1 (2.2)
1 (2.2)
1 (2.2)
1 (2.2)
1 (2.2)	
  
1 (2.2)
3 (6.5)
1 (2.2)
2 (4.3)
12 (26.1)
4 (8.7)
2 (4.3)
-

1 (0.2)
2 (0.4)
3 (0.6)
1 (0.2)

-

1 (3.2)

1 (2.2)
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R
S

T
V
Z

Ranitidine
Risedronate*
Rosuvastatin*
Saxagliptin*
Solifenacin*
Spironolactone
Sulfamethoxazole/
Trimethoprim
Tolterodine*
Tramadol
Trimethoprim
Venlafaxine*
Zoledronic Acid*

1 (0.2)
2 (0.4)
1 (0.2)
1 (0.2)
5 (1.0)
26 (5.3)

-

3 (9.7)

3 (6.5)

1 (0.2)
4 (0.8)
4 (0.8)
1 (0.2)
3 (0.6)
2 (0.4)

-

1 (3.2)
-

1 (2.2)
-

Totally, n (row %)
488 (100)
15 (3.1)
31 (6.4)
46a (9.4)
Abbreviations: col=column.
* Medications that were supplemented to the Swedish guideline.
a The number of inappropriate prescriptions shown in this table is not equal to the
number of patients having identified inappropriate prescriptions.
Patient characteristics and inappropriate prescriptions
Out of the 376 patients in the study sample, 284 (75.5%) patients had one or more of
the identified medications prescribed that need to be dose adjusted according to the
renal function. Of these 284 patients, 40 (14.1%) patients had inappropriate
prescriptions according to their renal function, i.e. 10.6% of the study sample in total
(40/376). Among the 284 patients that had one or more of the identified medications
prescribed, 13 (4.6%) had one or more prescriptions with a too high dose according to
their renal function and 29 (10.2%) had one or more contraindicated prescriptions.
Table 7 shows a comparison between those that had correct and inappropriate
prescriptions.
Table 7. Comparison between those who have correct or inappropriate prescriptions
among patients being prescribed a drug that needs to be dose adjusted.
Patient characteristics
Correct
Inappropriate
p-value
prescriptions
prescriptions
n=244
n=40
Gender, n (%)
0.568
Men
97 (39.8)
14 (35.0)
Women
147 (60.2)
26 (65.0)
Age, mean ± SD	
  
82.7 ± 6.5	
  
85.0 ± 6.7	
  
0.038	
  
eCLcr (mL/min), mean ±SD	
  
58.5 ± 22.4	
  
36.6 ± 15.8	
  
<0.001	
  
Renal function, n (%)
<0.001
eCLcr ≥60 mL/min
100 (41.0)
3 (7.3)
eCLcr <60 mL/min	
  
144 (59.0)	
  
37 (92.5)	
  
	
  
Type of living, n (%)
0.028
Living at home
178 (73.6)
22 (55.0)
Geriatric care unit
64 (26.4)
17 (42.5)
MMSE (0-30), mean ± SD
19.9 ± 4.4
20.6 ± 3.9
0.535
Dichotomous and continuous variables tested with Pearson χ! test and t-test
respectively. Abbreviations: SD=Standard Deviation, eCLcr=estimated creatinine
clearance, MMSE=Mini-Mental Stage Examination.
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Discussion
Prevalence of impaired renal function
The prevalence of impaired renal function, i.e. eCLcr <60 mL/min was 65.2% according
to the CG equation. Other studies among old people stated a prevalence of impaired
renal function ranging from 12% to 66% [26,36,38]. Those results either differ or are
near the result in the present study. This may be due to different study settings and
individual parameters. The impairment of the renal function is of course individual [14]
and it is important to remember that older people show more variation in renal
function than younger people due to concomitant medication use and diseases. For
example patients with congestive heart failure have a decreased cardiac output which in
turn may lower the renal blood flow and GFR [2]. Arteriosclerosis [16], hypertension,
diabetes [17], an increased sensitivity for experiencing drug-induced damage of the
kidneys [15] and other factors contribute to a decreased renal function [16] in addition
to the aging process [2].
More people were estimated to have an impaired renal function according to the CG
equation in the present study than when the absolute and relative eGFR were
calculated. This is supported by the fact that the CKD-EPI equation has been seen to
overestimate, and the CG equation underestimate, the renal function in previous
studies [22,36] supported by two other studies as well [19,25]. The estimates may differ
because the different equations take different parameters into consideration
[1,16,22,36]. This may play a role in clinical practice in order to detect those with renal
impairment in order to avoid further consequences. If the CKD-EPI equation is used in
clinical practice, the patients might experience ADR’s when too high doses become
prescribed as a consequence of an overestimated renal function [22,36]. This situation
may be avoided when the CG equation is used as the estimation method since this
equation tends to underestimate the renal function [22,36] and prescribed doses might
instead become too low.
Association between patient characteristics and renal impairment

The results from the multivariate logistic regression analysis showed an association
between an impaired renal function and an older age, an expected result seen in a
previous study as well [17]. No association was seen between impaired renal function
and the patients’ type of living, between impaired renal function and degree of
cognitive impairment or between impaired renal function and gender. The fact that the
CLcr in a women is approximately 0.85 times that of a man, a difference that is so small
that it does not have an impact on recommended dosage regimens [2], supports the
result in the regression analysis in the present study.
Furthermore, no association between impaired renal function and degree of cognitive
impairment could be seen in the present study. This relationship was expected and
stated by another study as well [38]. In that study they investigated the association of a
cognitive decline and incidence of dementia, all causes, with CKD. It showed neither an
association between a low eGFR and increased risk of dementia, all causes, nor an
association with a MMSE decline. There was a limited association seen though, of
increased risk of developing VD when eGFR was 45-60 mL/min/1.73m2 compared to
those with eGFR ≥60 mL/min/1.73m2. On the contrary, an association was seen
between a declining eGFR >4 mL/min/1.73m2/year and the risk of developing
dementia, all causes, and VD when adjusted for age [38]. In the comparing study, the
CKD-EPI equation was utilized in order to estimate GFR. In our study the association
was analysed utilizing the CG equation in order to categorize if the patients’ were
having an impaired renal function or not. The CG equation was utilized as the renal
function estimation method in all the statistic analysis in order to be consistent.
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Prevalence of potentially inappropriate prescriptions
The prevalence of inappropriate prescriptions in the present study was 9.4% among
488 identified prescriptions in total. Of the identified prescriptions, 3.1% had too high
dose according to the patients’ renal function and 6.4% were contraindicated. The most
commonly involved drugs were metformin and allopurinol representing 38.7% and
46.7% of the contraindicated prescriptions and the prescriptions with too high doses,
respectively.
Earlier studies concerning inappropriate drug prescribing due to impaired renal
function seem to show conflicting results. According to one study conducted among
patients 70 years and older, it was found that 42.2% of the identified prescriptions had
prescribed doses exceeding current guidelines due to the patients’ renal function [30].
Another study stated a prevalence of potentially inappropriate prescriptions to be 13%
[27], a prevalence similar to ours. The difference in prevalence may be due to the fact
that different prescribing or dosage guidelines were utilized among prescribers and
those that conducted the studies [9,15,17,27-30]. One typical example is metformin
where different guidelines give different recommendations about dose limits
[21,33,34,39,40]. In the present study, metformin represented most of the
inappropriate prescriptions that were contraindicated. This may be due to that
metformin is considered to be contraindicated to use when the eCLcr <60 mL/min
according to GDH [33] and that metformin was a commonly prescribed drug in the
present study. The same result is seen in other studies where metformin was the most
frequently inappropriately prescribed medication due to renal function [9,17,28].
Concerning allopurinol, this medication represented 46.7% of the inappropriate
prescriptions with too high doses according to the renal function in the present study.
This may be due to that allopurinol had several limits for different doses regarding
eCLcr compared to the other drugs that were investigated [33].
One study stated that metformin accounted for 6.5%, allopurinol 9.3% and
acetylsalicylic acid 38.0% of the prescriptions in total [25]. In the present study
acetylsalicylic acid was prescribed 135 times (27.7%) which was the most frequently
prescribed drug among the prescriptions in total. Despite that, there was no incorrect
prescription with respect to the renal function, maybe due to the contraindicated limit
that is eCLcr <10 mL/min according to GDH [33]. This limit applies to those having a
severe renal failure [16,20,23], a CKD stage that only affected two patients in the
present study. The number of patients at risk of having an inappropriate acetylsalicylic
acid prescription were therefore low.
Except metformin and allopurinol, also hydrochlorothiazide, morphine, spironolactone
and nitrofurantoin were inappropriately prescribed more than one time among the
present study population. Also for nitrofurantoin different guidelines give different
limits regarding contraindicated use [21,33,34,39,41]. NSAID’s, atenolol [17],
gabapentin, glyburide, ranitidine and nitrofurantoin [15] were the most frequently
inappropriately prescribed medications in other studies [15,17] respectively.
Drugs not taken into consideration in the present study were the ACE-inhibitors. It is
hard to decide if the dose is correct or not because the pharmacodynamic variation is
large [42]. Digoxin and dalteparin were not taken into consideration either since it is
important to look at serum concentrations and therapeutic response as well
[21,33,34,39].
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Patient characteristics and inappropriate prescriptions

The prevalence of patients having inappropriate prescriptions in our study, 14.1%, is in
the lower range compared to other studies, which show that 8-56% of the older patients
with a renal impairment had one or more prescriptions that were inappropriate
according to their renal function [9,15,17,27,28,30].
It is shown in the present study that it is more common to have inappropriate
prescriptions at older age compared to those at younger age. One study explored the
prevalence of potentially inappropriate prescriptions due to renal function among older
people as well [15]. That study stated that patients 75-84 years old and patients 85
years and older were at higher risk of getting inappropriate prescriptions compared to
those in the age 65-74 years [15]. This may be due to the fact that renal function
decreases with age [2,16,23], as previously stated, which therefore impacts on
prescribing recommendations [26]. Older people are often prescribed more drugs per
capita [2,14] due to multiple chronic diseases [1]. This may explain that a significant
difference is seen in the result regarding age. In the same study they did not find any
association between gender and inappropriate prescriptions [15]. This is consistent
with the result in our study where no significant difference was found. This is
strengthened by the fact that dosage recommendations are the same regardless of
gender [2].
In the present study, those with a lower eCLcr and an impaired renal function were
more likely to have inappropriate prescriptions compared to those who had a higher
eCLcr and a renal function >60 mL/min. Only one study was found to analyse the
prevalence of inappropriate prescriptions among those with impaired renal function.
That study stated that those with moderate CKD, 30≤ eGFR <60 mL/min, were more
likely to have an inappropriately prescribed medication compared to those with severe
CKD, eGFR <30 mL/min [17]. The comparing groups are different from those in the
present study but indicate that inappropriate prescriptions are common when the renal
function is impaired. The result may be due to that a lot of medications need to be dose
adjusted when the eCLcr is <60 mL/min [26]. It might also be due to the fact that
prescribers not always might be aware of this limitation; that a lot of drugs need to be
dose adjusted at eCLcr <60 mL/min.
The result in the present study showed that it is more common that older people living
in geriatric care units have inappropriate prescriptions compared to those who live at
home. This result is surprising, because it seems reasonable that there should be more
control of the patients and their prescriptions due to attendants that collaborate with
the geriatric care units. No study has been found that compared these parameters, the
frequency of inappropriate prescriptions among those living in their homes compared
to those living in geriatric care units. The difference shown in this study may be due to
that older people living in geriatric care units have a lot of medications prescribed
[3,14,28,43] due to an older age and multiple chronic diseases [1]. This may in turn
increase the risk of getting inappropriate prescriptions.
Special focus should be directed to geriatric care units but of course health centres and
hospitals should be monitored as well, in order to detect those in the age 65 years and
older with dementia. The renal function can then be estimated and the frequency of
inappropriate prescriptions can be minimized. The fact that inappropriate
prescriptions seems to be more common among older people with cognitive
impairment living in geriatric care units than those living in their homes, according to
the present study, must be further investigated in order to support the present result.
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Strengths
A cross-sectional study design is a suitable method in order to get an overview of
something suspected to be a problem. Also, the method is suitable when looking at
prevalence and associations between variables in order to generate further hypothesis
to investigate in future studies, e.g. to see if the inappropriate prescriptions have
resulted in consequences, e.g. ADR’s, and where to focus further resources.
The study sample was a well-defined group of patients and the information source used
in the study came from hospital settings and medical records, which are good and
reliable information sources when performing cross-sectional studies [44].
Data that were utilized when performing the study, e.g. Cs,cr, weight and prescribed
medications, were current data and not collected previously. This is especially
important when utilizing the Cs,cr since this value may vary over time and is dependent
on how fast the renal function declines [2,24].
The CG equation used during the present study, was the current renal function
estimation method used in medical health care when estimating doses [1]. The result
therefore gives a clinically representative picture adjusted according to the clinical
reality at that point of time when the study was conducted. Most drugs on the market
have dose recommendations based on the CG equation as well [15,26,33,42].
The guidelines utilized in the present study, gave clear limits for which drugs that were
included in the study and which doses that were inappropriate. The guideline used in
order to identify medications to be analysed was of Swedish origin covering the drugs
approved and prescribed in Swedish medical practice. A method supported by another
study as well, which states that national guidelines should be used when detecting and
evaluating medication lists [25]. The GDH gave an internationally applicable result
when evaluating the doses because of its international origin [33]. Furthermore it had
more definite and clear delimitations regarding which doses that were recommended at
different stated eCLcr compared to the Swedish guideline [32].
Limitations
The Cs,cr depends on how acute the renal function alters [2,24] and it is therefore not
known if the patients GFR was stable or not when only taking one measurement into
consideration [16]. In an optimal case the Cs,cr would have been measured several times
and a mean value would have been calculated in order to give a more reliable result.
The eGFR should therefore be put into perspective. The Cs,cr utilized in order to
calculate the eCLcr and eGFR was only measured at one point in time and taken at the
date of randomization which could be a different date than that of admission to the
hospital. Therefore the Cs,cr utilized in the calculations could have been different from
what they had at the date of admission to the hospital from which the prescribed
medications were analysed. The CG equation was also utilized in every patient
regardless of their body composition, which may have affected the eGFR within those
patients with an unusual muscle mass.
The prevalence of inappropriate prescriptions in the present study may be affected due
to the fact that pro re nata drugs were not included. The result may therefore
underestimate the real prevalence, e.g. morphine that often is given with this type of
dosage. OTC-medications were not taken into consideration as the present study was
only looking at prescribed medications.
Nothing can be said about the inappropriateness when the medications were prescribed
for the first time, only that the prescriptions were inappropriate at the point of time
when the medication lists were analysed, due to the cross-sectional study design.
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Neither can anything be said about causality between variables analysed in the
multivariate logistic regression analysis because of a cross-sectional study design; just
that there is a significant difference and an association between analysed variables.
Length data was lacking for 41 of the patients, which affects the result when the
absolute eGFR was calculated from the relative GFR estimated with the CKD-EPI
equation. MMSE test results were only available for 109 persons in the sample. These
data were not a requirement to record but may have affected the results and are not
possible to correct for. The prevalences of the CKD stages may have been distributed
differently and the mean value from the MMSE test would signal a milder or more
severe cognitive impairment among the study sample. Other results may also have been
seen in the multivariate logistic regression analysis and the t-test if every patient had a
MMSE test result.
Further aspects
As far as known, research has not been conducted on prescription use and renal
impairment in older people with dementia. Therefore this study may contribute with
new results, which may be a reminder to look at the prescribing pattern of drugs that
need to be dose adjusted according to the renal function among older people with
dementia. According to the present study this patient group have an impaired renal
function due to their age and one possible way to illuminate the patients’ renal function
and minimize the prevalence of inappropriate prescriptions is that the renal function
should be estimated with repeated and regular intervals in order to prevent eventual
further consequences, e.g. ADR’s [1,3,14,17]. If the inappropriate prescriptions have
resulted in negative consequences for the patients may be further investigated in the
on-going intervention study.
A future investigation that also may be interesting to do is to explore if there are
inappropriate prescriptions due to the patients’ age using another national guideline
such as Indikatorer för god läkemedelsterapi hos äldre, issued by the National Board of
Health and Welfare [41]. Additionally it would be interesting to evaluate if the
prescriptions are inappropriate or not according to concomitant diseases and
medications among older patients with a cognitive impairment.

Conclusion
The prevalence of impaired renal function among older patients, 65 years and older,
suffering from dementia or a cognitive impairment was 65.2% and there was an
association seen between age and an impaired renal function.
The prevalence of inappropriate prescriptions, i.e. those with too high doses and those
that are contraindicated according to the patients’ renal function, was 9.4% (46/488).
Also, the prevalence of patients having inappropriate prescriptions was 14.1%
(40/284). The people who more often had inappropriate prescriptions were older, had
lower renal function and lived in geriatric care units compared to those that had correct
prescriptions. More studies should be conducted in order to consolidate this result.
When prescribing medications it is important to continuously take renal function into
consideration in order to avoid adverse drug reactions among older people with
dementia or cognitive impairment. Based on the results in the present study, special
focus should be directed to geriatric care units.
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