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Abstract
Introduction:
Inappropriate prescribing (IP) in elderly inpatients is prevalent and is associated with
an increased risk for adverse drug events (ADEs), morbidity, and utilization of health care
resources.
The elderly are more likely to have ADEs because of the physiological and pathological changes
which occur with aging and affect both the pharmacokinetic (PK) and the pharmacodynamic
(PD) status of drugs. Besides, they usually have multiple diseases which need several drugs.
This further increases the risk of ADEs, drug-drug interactions (DDIs) and drug-disease
interactions.
Different tools were used to detect IP. Beers' criteria are the most frequently applied one in the
literature.
The current study aimed to assess the prevalence and the rate of IP for hospitalized elderly
patients, to determine the different variables that may be associated with IP, and to build up
recommendations for the relevant sectors to reduce IP for elderly inpatients.
Methodology: The current study is a retrospective cross-sectional study that involved 380
elderly inpatients at Al Shifa hospital, Gaza, Palestine. Three departments were investigated, the
internal medicine department, the cardiology department, and the respiratory department.
A chart review method was used to detect IP based on the following criteria: Drug-drug
interactions (DDIs), contra-indications (CI), duplication of therapy and AGS developed Beers'
criteria 2012.
Results:
A total of 2385 prescribed drugs for 380 elderly patients were screened for IP. About 44.2% of
patients were subjected to at least one IP. The prevalence of DDIs was 33.2%, while the
prevalence of IP according to Beers' criteria was 19.2%. Only 1.1% of patients had at least 1 CI
(drug-disease interactions). There were no duplication of therapy. About 18% of drug orders
were inappropriate. Around 15.5% of the drug orders involved in DDIs, and 3.4% of them
corresponded with Beers' criteria.

A total of 323 IP instances were detected.

Drug-drug

interactions (DDIs) constituted the majority 74%, followed by IP according to Beers' criteria
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24.8%. Digoxin and ciprofloxacin were the most frequent drugs involved in DDIs, while
metoclopramide was the most frequent Beers' criteria drug prescribed.
About 68.2% of the detected DDIs were significant, 31% were serious and only 0.8% were CI.
Significant differences were found in the prevalence of overall IP among different age groups (Pvalue=0.024), between patients on polypharmacy and those not (P-value<0.001), among
different

degrees

of

morbidity

(P-value<0.001)

and

among

different

departments

(P-value=0.018). Significant differences were found also in the prevalence of DDIs between
patients on polypharmacy and those were not (P-value<0.001), among different degrees of
morbidity (P-value=0.001), and among different departments (P-value=0.005).

Finally,

significant differences were found in the prevalence of IP according to Beers' criteria among
different departments with the highest prevalence in the cardiology department (29.7%) (Pvalue=0.007).
Conclusion: Although the overall IP was common, it was not far higher than that reported
worldwide. Beers' criteria drugs were frequently prescribed by the doctors at Al Shifa hospital.
The majority of IP was DDIs. Age, polypharmacy, morbidity and departments influenced the
occurrence of IP.
Key

words:

Inappropriate

prescribing,

Elderly,

Contraindications, Beers'criteria.
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الممخص بالمغة ا لعربية
المقدمة:
َّ
إن الوصف العالجي الغير مناسب شائع في المرضى كبار السن في المستشفيات ,و مرتبط بخطر متزايد ألدحداث الدوا
المعاكسة و المرضية و استنفاذ موارد الرعاية الصدحية.
إ َّن كبار السن أكثر عرضة لإلصابة بأدحداث الدوا المعاكسة مقارنة بالمرضى األصغر سنا ,و ذلك بسبب التغيرات
الفيزيولوجية و المرضيو التي تدحدث مع العمر ,و التي تؤثر عمى دحركية و ديناميكية الدوا عمى دحد سوا  .إضافة إلى أنيم

عادة لدييم أمراض متعددة تدحتاج العديد من األدوية ,مما يزيد من أدحداث الدوا المعاكسة و تفاعالت األدوية مع بعضيا و
مع المرض.
استخدمت عدة أدوات لمكشف عن الوصف العالجي الغير مناسب ,و أكثرىا تك ار ار في الدراسات السابقة ىي معايير بيرز.
ىدفت الدراسة الدحالية تقييم نسبة االنتشار ومعدل الوصف العالجي الغير مناسب لممرضى كبار السن في المستشفى وتدحديد
المتغيرات المختمفة المرتبطة بو ,و بنا توصيات لمجيات ذات الصمة لتقميمو عند كبار السن في داخل المستشفى.
تم إج ار البدحث في ثالث أقسام في مستشفى الشفا بغزة ,ىي قسم الباطنة وقسم القمب وقسم األمراض
طرق البحثَّ :
تم مراجعة األدوية الموصوفة ليم
الصدرية .وقد شممت ىذه الدراسة االسترجاعية  380مريض فوق سن ال ,65دحيث َّ

ووضعت المعايير التالية لتدحديد الوصف العالجي الغير مناسب :تفاعالت األدوية مع بعضيا ومضادات االستطباب وازدواجية

العالج ومعايير بيرز المطورة دحسب جمعية كبار السن األمريكية.
نتائج البحث:
شممت الدراسة  380مريض وقد بينت َّ
أن  44.2%منيم تعرض لوصف عالجي وادحد غير مناسب عمى األَقل ,و33.2%
منيم تعرض لتفاعالت األَدوية ,بينما تعرض  19.2%منيم لوصف عالجي غير مناسب طبقا لمعايير بيرز .وكان لدى
 1.1%من المرضى مضاد استطباب وادحد عمى األقل (تفاعالت الدوا مع المرض) .ولم يكن ىناك ازدواجية عالج.
تم تقييميا  ,2385منيا  18%دوا غير مناسب .وشممت دحوالي  15.5%منيا تفاعالت
وكانت عدد األدوية الموصوفة التي َّ
أدوية و 3.4%منيا توافقت مع معايير بيرز.

ف ما مجموعو  323وصف عالجي غير مناسب و شكمت تفاعالت األدوية األغمبية  ,74%وتبعيا الوصف
وقد اكت ِش َ
العالجي الغير مناسب دحسب معايير بيرز  24.8%وكانت الديجوكسين والسبروفموكساسين األدوية األَكثر تك ار ار في تفاعالت
األدوية .بينما كان الميتوكموبراميد أكثر األدوية الموصوفة تك ار ار دحسب معايير بيرز.
وكان حوالي  68.2%من تفاعالت األدوية المكتشفة ىام و 31%خطير و فقط  0.8%مضاد لالستطباب.
و قذ وجذث فشوقاث هامت فً وسبت اوخشاس الىصف العالجً الغٍش مىاسب الكلً بٍه مخخلف مجمىعاث العمش))P=0.024
وبٍه المشضى الزٌه لذٌهم إفشاط دوائً وهؤالء الزٌه لٍس لذٌهم ) (P<0.001و بٍه مخخلف دسجاث المشضٍت
)(P<0.001وبٍه مخخلف األقسا ) .(P=0.018وقذ وجذث أٌضا ً فشوقاث هامت فً وسبت اوخشاس حفاعالث األدوٌت بٍه
المشضى الزٌه لذٌهم إفشاط دوائً و هؤالء الزٌه لٍس لذٌهم ) (P<0.001وبٍه مخخلف دسجاث المشضٍت ) (P=0.001وبٍه
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مخخلف األقسا ) .(P=0.005وأخٍشاً وجذَث فشوقاث هامت فً وسبت اوخشاس الىصف العالجً الغٍش مىاسب طبقا ً لمعاٌٍش بٍشص
بٍه مخخلف األقسا و كاوج أعلى وسبت اوخشاس فً قسم القلب ).(P=0.007) )29.7%
الخاتمة :على الشغم أن الىصف العالجً الكلً الغٍش مىاسب شائع ,لكىه لم ٌكه أعلى بكثٍش عه الزي ركش فً جمٍع أوحاء
العالم .و شكلج حفاعالث األدوٌت األغلبٍت مىه .وقذ وصفَج األدوٌت حسب معاٌٍش بٍشص بصىسة مخكشسة مه األطباء فً
مسخشفى الشفاء فً الذساست الحالٍت .وقذ أثش العمش و اإلفشاط الذوائً والمشضٍت واألقسا فً حذود الىصف العالجً الغٍش
مىاسب.
الكممات الدليمية :الوصف العالجي الغير مناسب ,كبار السن ,المستشفى ,تفاعالت األدوية ,مضادات االستطباب ,معايير

بيرز.
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Chapter 1
Introduction
The medication-use process is a complicated progression of steps traditionally consisting of
prescribing, communicating orders, dispensing, administering, and monitoring (Institute of
Medicine[IOM], 1999). At each step, the potential for associated health risks exists, however,
many preventable problems can occur at the initial prescribing stage (IOM, 1999). Inappropriate
prescribing (IP) encompasses the use of medications that introduce a significant risk of ADEs
when there exists evidence for an equally or more effective but lower-risk alternative therapy for
treating the same medical condition (Gallagher et al., 2007).
Additional situations of IP include overuse of medications at a higher frequency or for longer
durations than clinically indicated, under-use of medically indicated medications based on
irrational reasons, and use of multiple medications (polypharmacy) that have documented DDIs
or Drug- disease interactions (Gallagher et al., 2007).
Inappropriate prescribing (IP) is particularly relevant for the elderly (65 yrs or older), as they
have the highest susceptibility to the effects of drugs. They experience age-related physiological
changes, which often influence the pharmacokinetic (PK) and pharmacodynamic (PD) status of
drugs (Turnheim, 2003). Also, they often have several concurrent illnesses that need several
medications, thereby, increasing the risk of ADEs, drug-drug and drug-disease interactions. The
prevalence of ADEs is 30% in the elderly, and it is associated with increased morbidity as well
as healthcare utilization (Gallagher et al., 2007; Hamilton et al., 2009).
A number of studies have investigated IP in the elderly. Different criteria have been used to
identify IP; the most frequently cited one is Beers' criteria. They provide a list of potentially
inappropriate drugs or drug classes that should generally be avoided in the treatment of patients
aged ≥ 65 yrs or when a specific underlying disease is present (Fick et al., 2003). Data from
those studies have shown a high prevalence of IP in elderly, ranges from 2.2% to 35.6% in
community dwelling patients (Goulding, 2004; Piecoro et al., 2000; Simon, Chan et al., 2005;
Zhan et al., 2001), and from 10.5% to 54.7% in nursing home patients (Dhalla et al., 2002;
Gallagher et al., 2007; Rancourt et al., 2004; Ruggiero et al., 2009; Spinewine et al., 2007).
In addition, IP in hospitals is also prevalent. The prevalence of IP was 36.2% among inpatients
in a medical center in Taiwan (Liu et al., 2012). In a study in the United States (U.S.) involving
384 hospitals, 49% of inpatients ≥ 65 years old had received at least one inappropriate
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medication (Rothberg et al., 2008). While in Slovak general hospital, 20% of elderly inpatients
were treated with at least one inappropriate drug (Wawruch et al., 2006).
Hospitalization has been associated with a higher incidence of adverse outcomes including
functional decline, delirium, and falls as well as ADEs in the elderly (Friedman et al., 2008).
This can be explained by the fact that older inpatient may be exposed to new and possibly
unnecessary medications, multiple providers and restrictive hospital formularies that require
reconciliation with home medications (Coleman et al., 2005; Hajjar et al., 2005).
A meta-analysis of 39 studies found an inhospital incidence of ADEs of 6.7% and
the incidence of fatal ADEs of 0.3%, which may be slightly higher than what has been
documented in the outpatient setting (Gandhi et al., 2003). Another study shows that 13.5% of
hospitalized Medicare patients experienced an adverse event, of which nearly half were
considered preventable (Levinson, 2010).
1.1 Problem statement
Inappropriate prescribing (IP) has become an international cause of concern in recent years.
Evidence shows that IP in the elderly is quite prevalent and is associated with
an increased risk for ADEs, morbidity and utilization of health care resources. It can be even
more problematic in hospitals. A need to investigate this problem in our country exists.
1.2 Significance of the study
A number of studies have documented that IP in the elderly is common. All these studies aimed
to achieve optimal medication prescribing which is critical to the goal of geriatric medicine of
curing disease, eliminating or reducing symptoms, and improving functioning.
Very few studies have investigated IP affecting elderly in the Middle East region and Arab
world. In Lebanon; the three most common reasons for inappropriate drug use by elderly
outpatients were conformity to Beers' criteria 22.4%, missed doses 18.8% and inappropriate
frequency of drug administration 13% (Saab et al., 2006). In Jordan; a study on 400 elderly
patients attending family practice shows that polypharmacy was found among 44.8% of the
sample, and 29.5% of the patients had inappropriate medications as determined by Beers' criteria
independent of diagnosis (Yasein et al., 2012). In Israel; the rate of prescribing errors was 46%
for elderly patients during acute hospitalization (Yehuda et al., 2011).
No information is available regarding IP affecting Palestinian inpatients. Limited data from two
studies suggested that polypharmacy and DDIs are common among chronic elderly patients
2

(Abed, 2011; Akkawi, 2008). In home dwelling elderly; the prevalence of polypharmacy
among the elderly patients in the North of West Bank was 60.1% (Akkawi, 2008). Whereas, in
the primary care setting the prevalence of polypharmacy among the elderly patients in Gaza Strip
was 26.2%, and that of DDIs was 37% (Abed, 2011).
Furthermore, no study was conducted to thoroughly investigate IP using comprehensive criteria
for the detection of IP, whether in the primary care or in the hospital settings. Therefore, in
depth investigation of IP in hospitalized elderly patients in Gaza was needed.
The current study assessed the rate and the prevalence of IP in elderly inpatients.
The criteria used for detecting IP were Beers' criteria, drug-drug interactions (DDIs), drug
contra-indications (CI), and duplicate therapy. It also examined the different variables that might
be associated with increased risk of IP. These variables include hospital departments, gender,
age, polypharmacy and number of diseases at admission.
The results of the study will be spread out to the relevant sectors, especially clinicians. This will
lead to better knowledge of the risk of IP, decrease the rate of prescribing inappropriate
medicines, while encouraging safer alternatives for the elderly. Consequently, this can reduce
the likelihood of ADEs and prevent their negative health and economic outcomes.
1.3 Aim and Objectives of the Study
1.3.1 Aim of the study
The aim of this study is to assess the prevalence and the rate of IP for hospitalized elderly
patients at Al Shifa Hospital, Gaza, Palestine.
1.3.2 Objectives of the study
1.3.2.1 Primary objectives
1-To study the prevalence and the rate of overall IP.
2-To determine the prevalence and the rate of IP according to Beers' criteria.
3-To determine the prevalence and the rate of potential DDIs and to identify the most
significant ones.
4-To determine the prevalence and the rate of CI (drug-disease interactions and allergy to
drugs).

3

5-To determine the prevalence and the rate of duplicate therapy.
6-To build up recommendations for the reduction of IP in the elderly inpatients.
1.3.2.2 Secondary objectives
To determine the influence of departments, age, gender, polypharmacy and number of
diseases at admission on the prevalence of IP.
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Chapter 2
Literature Review
2.1 Definition of Aging
When broadly defined, aging refers to all time-associated events that occur during the life span
of an organism. During this time, many changes occur in the physiologic processes. These
changes may be beneficial, neutral, or deteriorative. During the developmental period of life,
most changes are due to the maturation of the physiologic processes and tend to be beneficial.
However, during the post maturational period of life; most changes are detrimental, although
some may be neutral such as graying of the hair. The term 'senescence" is used to specifically
denote this post maturational deterioration. Senescence is defined as the deteriorative changes
with time during post maturational life that underlie an increasing vulnerability to challenges,
thereby decreasing the ability of the organism to survive. Although senescence is a subset of
aging, in common usage, aging is often used to only mean senescence (Masoro, 2010).
Most developed world countries have accepted the chronological age of 65 years as
a definition of "elderly" or older person. This is the age at which one can begin to receive
pension benefits. At the moment, there is no United Nations (U.N.) standard numerical criterion,
but the U.N. agreed cutoff is 60+ years to refer to the older population (World Health
Organization [WHO], n. d.).
Definitions of old age in developing countries fell into three main categories: chronology;
change in social role (e.g. change in work patterns, adults status of children and menopause); and
change in capabilities (e.g. invalid status, senility and change in physical characteristics)
(Glascock & Feinman,1980). Results from cultural analysis of old age suggested that change in
social role is the predominant means of defining old age (WHO, n. d.).
2.2 Demographics of aging
The world's population is now aging at an unprecedented rate. Declining fertility and improved
health and longevity have generated rising numbers and proportions of the older population in
most of the world (Kinsella & He, 2009). Thousands of persons turn 65 years of age every day
(Cohen, 2003; Kinsella & Velkoff, 2001).

Since 1950, the proportion of older persons

(≥ 60 years old) has been rising steadily, passing from 8 % in 1950 to 11 % in 2007, and is
expected to reach 22 % in 2050 (Figure 2.1) (United Nation Department of Economic and
Social Affairs, Population Division [UNDESA PD], 2007).
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Figure 2.1 Proportion of population 60 years or over (1950-2050) (UNDESA PD, 2007).
As we move through the first decade of the twenty-first century, population aging has emerged
as a major demographic worldwide trend. People aged 65 and over will soon outnumber
children under the age of 5 for the first time in history. Life expectancy is increasing in most
countries, and the number of the oldest old (80 and over) is projected to increase 233 % between
2008 and 2040, compared with 160 % of the population aged 65 and over and 33 % of the total
population of all ages (Kinsella & He, 2009). In the less developed regions, older persons
account today for just 8 % of the population, but by 2050 they are expected to account for a fifth
of the population (UNDESA PD, 2007).
Elderly in Palestine represent 3% of population in the Palestinian territory. Life expectancy at
birth is 72 years for males, and 73 years for females (Population Reference Bureau, 2008).
As with the less developed countries, the number and percent of older persons in the Palestinian
territory is expected to increase (UNDESA PD, 2007).
2.3 Biology of aging
Aging entails a gradual decrease in physiological fitness and reduced ability to respond to
environmental demands. The reduction in homeostatic capabilities is a fundamental feature of
senescence, but the decline in functional reserve varies markedly between elderly persons
(Troen, 2003; Turnheim, 1998).
Very old individuals tend to become frail, a syndrome that includes loss of skeletal muscle mass
as well as neuroendocrine and immune dysfunctions

(Fried

& Walston, 2003;

Newman et al., 2001; Walston & Fried, 1999). Because of these changes, the elderly are
increasingly prone to diseases and multi-morbidity.
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Between the ages of 20 and 80 years there is a 90% loss of blood vessel distensibility, which
together with enhanced intimal thickness and endothelial dysfunction appears to be responsible
for the increase of systolic blood pressure and work load of the left ventricle. Renal, hepatic, and
to a lesser degree cerebral blood flow declines. The increased stiffness of the left ventricle, that
is a consequence of loss of myocytes with subsequent hypertrophy of the remaining cells, slows
diastolic filling, and cardiac output decreases. Furthermore, normal human aging is associated
with a reduction in baroreflex mediated heart rate response to hypotensive stimuli
(Lakatta & Levy, 2003; Pugh & Wei, 2001).
In the endocrine system, the responsiveness to and the serum levels of many hormones are
decreased. The prevalence of hypothyroidism increases in the elderly (Canaris et al., 2000).
Changes in endocrine systems in older individuals also include menopause in women, androgen
deficiency in men, decrease in growth hormone serum concentrations, and increased incidence of
type 2 diabetes (Horace & Perry, 1999).
The susceptibility for infectious diseases and the emergence of tumors is increased in
the elderly; possibly because of a decline in the function of the immune system. While reactivity
against foreign antigens drops significantly in old age, autoimmune reactions paradoxically,
increase (Larbi et al., 2013; Wick & Grubeck- Loebenstein, 1997).
2.4 Pharmacokinetic (PK) and pharmacodynamic (PD) changes with aging
The physiological and functional capacities of the body are changing progressively with age.
This might alter the PK as well as the PD of drugs, leading to clinically relevant consequences
with regard to safty and efficacy.

Increasing prevalence for one or more chronic disease

conditions, morbidity and co-morbidity in elderly as well as age independent factors like life
style (e.g. smoking) can further impact the pharmacological effect of drugs. With the rising
likelihood of polypharmacy as a result of different chronic disease conditions; the risk for
modified PK and PD effects due to DDIs is adding further complexity to the drug therapy
(Stegemann et al., 2010). The age-related physiological changes that affect the PK profile can
occur during drug absorption, metabolism, distribution and elimination (Table 2.1)
(Klotz, 2009).

Whereas, age-related changes in PD may occur at the receptor or

signal-transduction level, or homeostatic mechanisms may be attenuated (Table 2.2)
(Turnheim,2003).
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2.4.1 Pharmacokinetic (PK) changes in the elderly
2.4.1.1 Drug absorption
Drug absorption can be influenced by age-related changes in the gastric and intestinal
physiology, the membrane permeability or drug transport and the gastrointestinal blood flow.
A decline in gastric emptying of liquids and mixed meals is most likely to occur as a function of
increasing age. Changing in the small intestinal motility do not occur until an age of 80 years
and beyond. The colonic motility and the anorectal functioning are assumed to change with age
as both, constipation as well as fecal incontinence is frequently seen in elderly
(Orr & Chen, 2002). These changes appear to be related to sensory losses due to regionspecific loss of neurons (Wiley, 2002).
The gastric pH can increase with age due to an increasing incidence of achlorhydria. This can
lead to an altered bioavailability of pH sensitive drugs or drugs with a pH dependent solubility
(Gidal, 2006).

Ketoprofen for example exhibited a poor absorption from elderly with

achlorhydria and gastric pH of >5 compared to elderly with gastric pH < 5. When taken together
with acidic juice, the ketoprofen absorption in achlorhydria patient was equivalent to its
absorption in the elderly with a gastric pH < 5 (Hurwitz et al., 2003).
Compounds that permeate the intestinal epithelium by carrier-mediated transport mechanisms
may be absorbed at a lower rate in the elderly. Examples are calcium, iron, and vitamins
(Turnheim, 1998; 2004).
Although there is atrophy of the epidermis and dermis in the aged with a reduction in barrier
function of the skin, the rate of transdermal drug absorption may be diminished in elderly owing
to reduced tissue blood perfusion (Trautinger, 2001). This holds also true for absorption from
the subcutaneous and muscular tissue. Intramuscular injections should be avoided generally in
this age group because of erratic absorption and the high risk of sterile infiltrates (Turniheim,
2003).
2.4.1.2 Drug distribution
Drug distribution can be altered with age by the changing body composition and the plasma
protein levels.

With increasing age, the total body fat increases and the total body water

decreases. These changes can alter the volume of distribution according to the lipophilicity or
hydrophilicity of the drug compound. For lipophilic drugs; the volume of distribution can
increase because of the up-take into the lipidic tissue along with the prolongation in the
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elimination half-life due to the re-diffusion of the drug from the fatty tissue (Cusack, 2004).
Clinically significant differences in the volume of distribution and elimination half-life have
been reported for the benzodiazepines (Woodward, 1999) and Lidocaine (Cusack, 2004).
For the more hydrophilic drugs a decrease in the volume of distribution have been described for
sotalol (Cusack, 2004), lithium and digoxin (Klotz, 2009).
Drugs in blood may be bound to plasma proteins with only the unbound fraction being
pharmacologically active.

Plasma albumin levels are decreased somewhat in the elderly,

whereas the concentrations of α1-glycoprotein, are increased (Klotz, 2009). While acidic drugs
bind to albumin, alkaline drugs binds to α1- acid glycoprotein. The degree of binding to plasma
proteins is variable (Stegemann et al., 2010). For drugs with > 90% of plasma binding, changes
in plasma protein levels or competition on the binding sites with other high affinity drugs can
significantly increase the free drug concentration (Butler & Begg, 2008).
2.4.1.3 Drug metabolism
Liver metabolism has been shown to decrease with age due to liver mass decrease of
20-30% and a hepatic blood flow decline of 30-50% (Cusack, 2004; Schmucker, 2001).
The effect of aging on the hepatic drug metabolism has been reviewed by various authers
(Cusack, 2004; Kinirons & O'Mahony, 2004; Mclean & le Couteur, 2004).

The data

confirmed an increasing inter-individual variability in drug metabolism with age, but found no
clear evidence that age is an individual factor of declining metabolic enzyme activity. However,
declining liver blood flow rate correlates quite well with the decreased metabolism seen in
the elderly (Mclean & Le Couteur, 2004). Confounding factors like diet and food, fraility,
smoking, co-morbidity, polypharmacy and alcohol intake are known factors contributing to the
high inter-individual variability in older people (Kinirons & O'Mahony, 2004; Mclean & le
Couteur, 2004).
The hepatic metabolism through the cytochrome P (CYP)-450 enzyme system (Phase Ι reaction)
decreases with aging for some drugs. Clearance typically decreases 20 to 40 % for some drugs
(for example diazepam, amitriptyline, nifedipine, warfarin, and verapamil), whereas that of
others is unchanged. In contrast, age does not affect clearance of drugs that are metabolized by
conjugation (phase ΙΙ), such as paracetamol and oxazepam (Turnheim, 2003).
The first-pass metabolism of many drugs in the liver is reduced with aging. As a result, the
serum levels of active drugs undergoing extensive first pass metabolism such as propranolol, can
be significantly increased (Tobias, 2004). On the other hand, some drugs, such as several
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Angiotensin Converted Enzyme (ACE) inhibitors (e.g.enalapril), are prodrugs, for which
decreased first-pass metabolism may result in a decreased bioavailability (Davies et al., 1984).
2.4.1.4 Drug excretion
The main route for drug and drug metabolite excretion is through renal tubular secretion.
An age-related decline in the glomerular filtration rate (GFR) has been demonstrated as a major
factor for age-related changes in drug elimination (Muhlberg & Platt, 1999). Glomerular
filtration rate (GFR) and renal plasma flow decrease by 6 to 10% every ten years even for
persons without any disease affecting renal function (Lubran, 1995).

This may result in

accumulation of the drug and increasing risk of adverse drug reactions (ADRs) for drugs that are
excreted largely unmetabolised (e.g. digoxin), and drugs with active metabolites (e.g. oral blood
glucose lowering drugs). Aging of the kidney has also been described to be associated with
various histopathologic changes like thickening of the intrarenal vascular intima, sclerotic
changes of the glomeruli and decrease in renal weight (Muhlberg & Platt, 1999).
The renal function is known to decline as a result of several disease conditions like hypertension,
vascular diseases and diabetes that are common in people over 65 years, and that might be more
important than aging itself (Melk & Halloran, 2001).
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Table 2.1 Age-related physiological changes and their pharmacokinetic consequences
(Klotz, 2009).
Physiological changes in the elderly

Pharmacokinetic consequences

Increased gastric pH

Slightly decreased absorption

Delayed gastric emptying

(clinically non- significant)

Reduced splanchnic blood flow
Decreased absorption surface area
Decreased gastrointestinal mobility
Increased body fat

Increased volume of distribution and

Decreased lean body mass
Decreased total water

half-life of lipophilic drugs
Increased plasma concentration
hydrophilic drugs

Decreased serum albumin

Increased free fraction in plasma of a few

of

highly protein-bound acidic drugs.
Increased α1-acid glycoprotein

Decreased free fraction of basic drugs

Decreased hepatic blood flow

First-pass

Decreased hepatic mass

metabolism

can

be

less

effective.
Phase Ι metabolism of some drugs might
be slightly impaired.

Decreased renal blood flow and
glomerular filtration rate.

Renal elimination of drugs can be
impaired.
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2.4.2 Pharmacodynamic (PD) changes in the elderly
2.4.2.1 Receptor properties
In terms of PD changes, it is generally considered that enhanced sensitivity to drugs occurs with
aging (Mangoni & Jackson, 2004). However, older people show reduced sensitivity to certain
drugs (Anathhanam et al., 2012).
In the central nervous system the number of dopaminergic neurons and dopamine D2 receptors
decreases in the elderly, leading to extrapyramidal symptoms when a certain threshold of
neuronal loss is reached (Wong et al., 1997). In line with these findings, there is an increased
susceptibility to ADRs with the use of dopamnergic antagonists (e.g. antipsychotics) in elderly
(Trifiro & Spina, 2011). The number of cholinergic neurons and receptors, that are thought to
be involved in cognitive functions, is also decreased (Turnheim, 2003).

Consequently,

anticholinergic drugs may induce delirium or increase delirium symptom severity in elderly
patients (Han et al., 2001).
Pharmacodynamic sensitivity to beta-adrenergic agents declines with age (Trifiro & Spina,
2011). A reduction in response to beta-adrenoreceptors agonists has been reported for the
elderly (Turnheim, 2003). With increasing sympathetic activity with age, beta-adrenoreceptors
are downregulated by increased serum noradrenaline levels (Trifiro & Spina, 2011; Turnheim,
2003) and beta-adrenoreceptors of the heart are desensitized (Brodde & Leineweber, 2004).
The use of beta-adrenoreceptors blockers has therefore been questioned and proven to be less
effective in elderly compared to young adults (Hilmer et al., 2007).
The ability of the cells to respond to receptor occupation (e.g. signal transduction) can influence
the magnitude of a drug effect (Turnheim, 2003). The age-related changes in response to betaadrenergic agents may be also due to impaired signal transduction of beta-receptor in elderly
(Trifiro & Spina, 2011).
2.4.2.2 Homeostatic mechanisms
A progressive reduction in homeostatic mechanisms is one of the fundamental characteristics of
aging. Hence, following a pharmacological perturbation of a physiological function, more time
is required to regain the original steady-state as counterregulatory measures are reduced.
Therefore, drug effects are attenuated less in the elderly, the reactions may be stronger than in
young individuals and the incidence of adverse drug effects is higher, despite the general decline
in receptor number or responsiveness (Turnheim, 2003).
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A typical example for the consequences of the decrease in homeostatic mechanisms is the
increased susceptibility of elderly patients to postural hypotension in response to drugs that
lower the arterial blood pressure (Merle et al., 2005; Turnheim, 1998).

Drugs-induced

orthostatic reactions, that are estimated to occur at a frequency of 5-33% in geriatric patients,
contribute to the risk of syncope and falls. When assessing orthostatic hypotension in the
elderly, drug treatment should always be reviewed. Eleven percent of cases of syncope in the
elderly are reported to be drug-induced (Verhaeverbeke & Mets, 1997). As an example,
consider the antihypertensive drug prazosin. This peripheral [alpha]-adrenergic receptor blocker
effectively reduces blood pressure in most patients. A common adverse effect of prazosin in
many elderly patients is first-dose syncope. Because the aging process can affect the ability of
the body to recover from orthostatic changes, [alpha]-blockers are commonly associated with
orthostatic hypotension and for that they must be taken with extreme caution in the elderly
(Wooten, 2012).
2.5 Chronic diseases and multi-morbidity with aging
Aging seldom comes alone; it is often accompanied by chronic diseases, comorbidity, disability,
fraility and social isolation (Christensen et al., 2009). Data have shown that having three or
more comorbities can increase the risk for having a severe ADEs by 2.9–12.6 fold
(Evans et al., 2005). The pervasiveness of comorbidity is especially apparent in hospitals.
In a study in the U.S., it was shown that, nearly 60% of all hospitalizations had at least one
comorbidity and 37% had two or more. The leading comorbidities were hypertension (HTN)
29.4%, chronic obstructive pulmonary disease (COPD) 12.1%, diabetes mellitus (DM) 11.8%,
fluid/electrolyte disorders 11.7%, iron deficiency/anemia 7.9%, and heart failure 5.7%. With
each comorbidity comes additional exposure to a larger number of medications as well as new
prescribers and specialists (Merrill & Elixhauser, 2005).
The Palestinian Central Bureau of statistics (2006) has shown that 65.5% of elderly in
Palestine are suffering from at least one chronic disease. The most common chronic diseases
among elderly people are hypertension (HTN) 35.3%, diabetes 24.9%, joints diseases 16.5%,
and heart diseases 12.2%. A study conducted by Abed (2011) in the primary healthcare clinics
in the Gaza strip showed that 65.5% of the elderly patients encountered in the study chronically
had hypertension.

Furthermore, 47.9% of them had diabetes mellitus, 22.2% had cardiac

diseases and 9.4% had other chronic disease.
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Table 2.2 Examples of pharmacodynamic changes in the elderly (Trifiro & Spina, 2011).
Drug Class

Age-related Pharmacodynamic
Change
Calcium channel Reduced baroreceptor response to
blockers (CCBs) low blood pressure;
Greater sino-atrial suppressive
effect and less pronounced PR
interval prolongation (e.g. diltiazem
and verapamil).
Β-blockers
Impaired signal transduction of
beta- receptor and down regulation
of beta-adrenergic receptors
α-blockers
No age-related changes in
responsiveness of α-adrenoceptors

Anticoagulants

Increased sensitivity to warfarin

Benzodiazepines Greater sensitivity to the action of
benzodiazepines

Antipsychotics

Increased responsiveness to
antipsychotics, possibly due to
impaired homeostatic mechanisms
and depletion of dopamine reserve
in elderly

Lithium

Greater sensitivity to the effects of
lithium
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Possible Clinical
Consequences
Greater hypotensive effect
potentially leading to
orthostatic hypotension and
falls;
Decreased heart rate (e.g.
diltiazem and verapamil).
Reduced effectiveness of
conventional doses of Bblockers
Despite no age-related
changes in responsiveness
of α- adrenoceptors,
postural hypotension is a
serious concern, especially
in elderly patients receiving
diuretics or other
vasodilator drugs
Increased risk of bleeding

Greater degree of sedation
and impairment of
psychomotor performance;
Higher risk of falls and
fractures.
Increased risk of
anticholinergic effects,
extrapyramidal side effects,
orthostatic hypotension, and
cerbero- vascular adverse
events

Increased risk of neurotoxic
effects

Recommendation
for Use in Elderly
Dose adjustment,
especially with co
medications that
may lower blood
pressure or decrease
heart rate
Careful upwardtitration of drug
dosage
Dose adjustment
with co-prescription
of diuretics or other
vasodilator drugs

Lower drug doses
are recommended; If
possible, avoid coprescription of drugs
which may
potentiate the
anticoagulant effect
of warfarin (e.g.
aspirin, amiodarone,
phenytoin,
etc.)
-Dose adjustment
-Careful assessment
of need for
prescribing
benzodiazepines.
-Dose adjustment;
- Careful assessment
of need for
prescribing
antipsychotics;
- If possible, avoid
co-prescription with
other drugs with
anticholinergic
effects (e.g.
tricyclics).
-Dose adjustment
- Regular
monitoring of serum
lithium
concentrations.

2.6 Drug treatment in the elderly
Drug treatment is an essential component of medical care to prevent, cure and control disease.
Its purpose is to decrease morbidity and mortality and to increase health-related quality of life
(Hellstrom, 2012). While medications can improve outcomes, they are a double-edged sword
and, if used inappropriately they may be associated with adverse drug events (ADEs)
(Cameron, 1998).

Evidence suggests that the use of drugs in elderly people is often

inappropriate partly because of the complexities of prescribing as well as other patient's,
provider's, and health-system's factors (Simonson & Feinberg, 2005).

Opportunities for

improving the treatment can occur at several steps of the medication use process
(Spinewine, 2006).
The occurrence of ADEs is common in the elderly as a result of physiological decline,
an increased likelihood of drug–disease interactions due to multiple comorbidities, and
an increased likelihood of DDIs because of polypharmacy (Cresswell et al., 2007). The scale of
the problem varies in the literature because of differences in the study design, types of patient
studied

and

whether

the

primary

end-point

studied

is

ADEs

or

ADRs

(Anathhanam et al., 2012).
An adverse drug event (ADE) is defined as "an injury related to the use of a drug, although the
causality of this relationship may not be proven"(Leape, 1995). Adverse drug events (ADEs)
can result in different outcomes, notably: in the worsening of an existing pathology, in the lack
of any expected health status improvement, in the outbreak of a new or to be prevented
pathology, in the change of an organic function, or in a noxious response due to the medicine
taken (Council of Europe, Committee of experts on management of safty and quality in
health care [CE CEMSQH], 2005). In U.S., a national survey of Medicare beneficiaries aged
65 and older showed that 35% of older persons experience ADEs and almost half of these are
preventable (Safran et al., 2005).
Up

to

35%

of

community-dwelling

older

people

experience

ADEs

each

year

(Hanlon et al., 1997). And up to 30% of hospital admissions in older people are related to
ADEs (Onder et al., 2002).
An adverse drug reaction (ADR) is defined as a response to a medicinal product which is
noxious and unintended and which occurs at doses normally used in man for the prophylaxis,
diagnosis or therapy of disease or for the restoration, correction or modification of physiological
function (World Health Organization, 1972).
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It is important to avoid confusion with

the term ADE. The term ADE can be used when it is not possible to suggest a causal link
between a drug treatment and adverse outcome. The suspicion of a causal relationship between
the drug and the adverse effect is central to the definition of an ADR (Krska & Cox, 2012).
Adverse drug reactions (ADRs) can be classified into two main types: type A (pharmacological)
or B (idiosyncratic) (Rawlins & Thompson, 1981).

Type A reactions represent an

augmentation of the pharmacological actions of a drug.

They are dose-dependent and are

therefore readily reversible on reducing the dose or withdrawing the drug. In contrast, type B
adverse reactions are bizarre and cannot be predicted from the known pharmacology of the drug
(Pirmohamed et al., 1998).

The Rawlins-Thompson classification has undergone further

elaboration over the years Table (2.3) to take account of ADRs that do not fit within the existing
classifications (Edwards & Aronson, 2000).
A United Kingdom (U.K.) study evaluating inpatients over the age of 16 years identified that
6.5% of admissions were related to ADRs and that patients admitted with ADRs were
significantly older than those without ADRs (Pirmohamed et al., 2004).

More recently,

a German study identified ADRs in 7.6% of admissions, with elderly females being the most
susceptible (Hofer-Dueckelmann et al., 2011). The average rate of ADRs-related hospital
admission is 16.6% in older patients, compared with 4.1% in younger patients, with 88%
considered preventable (Beijer & de Blaey, 2002).
Adverse drug reactions (ADRs) can be prevented by checking previous ADRs history,
minimizing the use of drugs known to carry a high risk of ADRs and tailoring drug selection to
individuals based on the factors which predispose them to ADRs (Krska & Cox, 2012).
In elderly, balancing safty and quality of prescribing with appropriate treatment of all
co-morbidities is complex and challenging (Gallagher & O'Mahony, 2008). Regular review of
medicines, improved sharing information about patients between healthcare providers and the
increasing availability of guidance on drug selection and appropriate use should all increase
rational prescribing, which may have an effect on the incidence of ADRs (Krska & Cox, 2012).
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Table 2.3 Extended classification of adverse drug reactions (Edwards & Aronson, 2000)
Type of reaction

Features

Examples

Type
A:
Augmented
pharmacological effect

Common
Predictable effect
Dose-dependent
Low morbidity
Low mortality
Uncommon
Unpredictable
Not dose-dependent
High morbidity
High mortality
Uncommon
Related to the cumulative dose
Uncommon
Usually dose-related
Occurs or becomes apparent
some times after use of the
drug.
Uncommon
Occurs soon after withdrawal
of the drug.
Common
Dose-related
Often
cause
by
drug
interactions.

Bradycardia associated with a betaadrenergic receptor antagonist.

Type B: Bizarre effects not related
to pharmacological effect

Type C: Dose-related and time
related
Type D: Time-related

Type E: Withdrawal

Type F: Unexpected failure of
therapy

Anaphylaxis associated
penicillin antibiotic.

with

a

Hypothalamic pituitary-adrenal axis
suppression by corticosteroids.
Carcinogenesis.

Opiate withdrawal syndrome

Failure of oral contraceptive in the
presence of enzyme inducer.

2.7 The prescribing process
Prescribing is the process of deciding which medication to use and how to use it, while
the prescription is the mean by which these decisions are communicated. Safe prescribing must
include cognitive and decision-making steps before the prescription is generated (Aronson,
2009). The word "prescribe" comes from a Latin word meaning to write in advance [of giving a
medicine]. But the actual writing is a late event in the prescribing process. It must be preceded
by a number of other processes (Aronson, 2006).
2.7.1 Stages of prescribing
A four stage model of prescribing has been developed (Figure 2.2): (information gathering,
clinical decision making, communicate decision and monitor and review (Coombes et al., 2011).
This emphasises that prescribing is a staged process rather than a single event
(Lum et al., 2013).
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Information gathering
The prescriber should have the skills to gather the relevant patient information such as medical
history, including current symptoms, current and recently ceased or changed medications,
allergies, ADRs and diagnoses (Coombes et al., 2011).



Clinical decision making
Prescribers should be able to make clinical decisions. This includes making or reviewing a
diagnosis, using pharmacological knowledge to select which medicine to use along with
appropriate dosing for the individual patient. The prescriber should also consider non-drug
treatments, and engage the patient in collaborative decision making to improve adherence and
patient outcomes (May et al., 2009).
The prescriber should be able to tailor their decision-making styles, for example, directive or
collaborative, and decide which is most appropriate for the patient at that point in time (May et
al., 2009), and always valuing the patient‟s views (Bond, 2004).



Communication
The prescriber should be able to convey the prescribing decision in a safe and effective manner
to both the patient and to other health professionals involved. The prescription should be legible,
unambiguous and without error-prone abbreviations to enable pharmacists to dispense and
patients or nurses to administer. Both verbal and written communication skills are important.
For example, the patient and their carer should be informed about why they have been prescribed
a medication, how to use it and the expected duration of treatment. Monitoring requirements,
potential adverse effects and contingency planning should also be discussed (Coombes et al.,
2011).



Monitoring and review
The prescriber should be able to review the therapeutic or adverse effects of the treatment to
inform dose adjustment or a change in treatment (Coombes et al., 2011).
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Figure 2.2 The four stages in the process of prescribing (Coombes et al., 2011)
2.7.2 Prescribing in elderly
Optimal prescribing is a crucial aspect of gerontology. The main aim of prescribing is to cure
disease, eliminate or reduce symptoms relating to an underlying disease state and improve
functional capacity of the patients (Hanlon et al., 2001). Those who care for the elderly must
not be too quick to attribute symptoms-such as confusion, forgetfulness, gait instability,
parkinsonian signs, incontinence or fatigue- to the onset of new illness or to aging itself, without
first

assessing

whether

they

may,

in

fact,

be

adverse

medication

effects

(Knight & Avorn, 2001). A large proportion of inappropriate prescribing (IP) is preventable by
adherence to prescribing guidelines, suitable monitoring and regular medication review.
Screening tools have been developed to help clinicians improve their prescribing
(Ryan, O'Mahony, Kennedy, Weedle, Barry et al., 2009).
2.7.3 Appropriate Prescribing
Appropriate prescribing is a general phrase encompassing and compressing a range of values and
behaviors to express in a simple term the quality of prescribing. Many other words are used to
describe prescribing quality, such as good, poor, appropriate or inappropriate, optimal or
suboptimal, and error. The most important sets of values needed to be taken into consideration
in judging appropriateness can be summerazied as:


What the patient wants?



Scientific rationalism (including the clinical pharmacology of certain drugs) and;



The general good (Buetow et al., 1997; Cribb & Barber, 1997).

The last value is a mixture of issues, including societal and family-related consequences of
prescribing (Spinewine et al., 2007).
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However, prescribing in older patients is complicated by a number of factors and these usually
need also to be considered:


Life expectancy of the patient,



The right therapeutic approach in patients with poor prognosis and;



Selection of the pharmacotherapy with the most favourable risk/benefit ratio
(O’Mahony & Gallagher, 2008).

Appropriate prescribing for older people is a challenge because of several reasons. Firstly,
elderly are a heterogeneous population, both in terms of health status, comorbidity and
functionality. This makes the formulation of general prescription guidelines difficult. Besides,
the complexity of prescribing increases in parallel with the frailty of the patient and older people
are often vulnerable and frail (Dimitrow et al., 2011; Spinewine et al., 2007). Older people are
prescribed multiple drugs, often have to take medications at several different times of the day,
some before food, some after food, sometimes need to halve the tablets and often use multiple
dosage forms and multiple routes of administration (Elliott, 2006). Furthermore, the aims of
treatment in elderly may differ from those in younger patients. Finally, little scientific evidence
exists on prescribing for older people (Dimitrow et al., 2011; Spinewine et al., 2007).
2.7.4 Inappropriate prescribing
Inappropriate Prescribing (IP) has become an area of major concern in the older population
(Barry et al., 2006). It has been widely documented that certain drugs should be used cautiously
in this patient group, and it is generally best to completely avoid them in older patients if safer
alternatives are available (Bryne et al., 2011).

Some terms are specific to some types

of inappropriateness e.g., underprescribing, overprescribing, and misprescribing (Hanlon et al.,
2001; Simonson & Feinberg, 2005). Inappropriate prescribing is a single term that covers all
the three concepts (Patterson et al., 2012; Spinewine et al., 2007). Often the term inappropriate
is prefaced by the word „potentially‟, i.e. potentially inappropriate medication (PIM).
This reflects limitations of the methods used to identify IP and that „appropriateness‟ of
a medication for a patient often depends on the quality and relevance of the evidence, viewpoints
of

the

clinician

and

patient,

the

patient‟s

(Elliot & Stehlik, 2013).
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circumstances

and

treatment

goals

2.7.5 Types of inappropriate prescribing in elderly
2.7.5.1 Underprescribing: failure to prescribe drugs that are needed (Hanlon et al., 2001;
Simonson & Feinberg, 2005). It can be the result of doctors lacking adequate training in
geriatric pharmacotherapy (Larson, 2001) or due to a phenomenon called ageism. Ageism is the
refusal to prescribe a drug or increase a dose solely because the patient is old
(Fuat et al., 2003; Spinewine et al., 2005). Failure to provide appropriate medications to older
adults can increase harm (Anathhanam et al., 2012).
2.7.5.2 Overprescribing: Polypharmacy, relates to the practice of prescribing multiple
medications or more medications than are clinically required (Hanlon et al., 2001;
Simonson & Feinberg, 2005; Steinman et al., 2006). Polypharmacy has been defined in
numerous ways and the definition may vary with different patient populations, methods of
assessment, and setting (Hajjar et al., 2007). One of the most commonly used definitions of
polypharmacy is the concomitant use of five or more drugs (Fulton & Allen, 2005; Jorgensen
et al., 2001; Linjakumpu et al., 2002; Odubanjo et al., 2004; Rollason & Vogt, 2003).
Another definition for polypharmacy is the prescribing, administration or use of more
medications than is clinically indicated in a given patient (Hanlon et al., 2001). This definition
highlights the fact that only unnecessary drug can lead to adverse events that could have been
avoided, and equally excludes an arbitrary minimum number of drugs (Haider, 2008).
Polypharmacy is often an adverse consequence of the so-called "prescribing cascade", which
involves the clinician's failure to recognize a new medical event as an ADRs (Laroche et al.,
2007). In this case, another drug is unnecessarily prescribed to treat the adverse event instead of
withdrawing the drug responsible, creating a vicious circle and adding further risks (Nobili et al.,
2011).
Polypharmacy can negatively influence medication adherence (compliance) (Claxton et al.,
2001; Osterberg & Blaschke, 2005). Non compliance represents the extent to which the
patient‟s behavior does not follow medical recommendations with prescribed medications
(Alexa et al., 2006). It can result in suboptimal therapeutic effectiveness and can have major
clinical consequences (Monane et al., 1997).

If the existence of non-compliance is not

recognized, the physician may increase the dose of the initial medication or add a second agent.
This will increase both the risk and the cost of treatment (Gallagher et al., 2007).
Among elderly people, non-compliance has a prevalence of 25–75%, and the likelihood rises in
proportion to the number of drugs and daily doses prescribed (Claxton et al., 2001; Osterberg
& Blaschke, 2005).
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2.7.5.3 Misprescribing: misprescribing refers to incorrectly prescribing a drug that is needed.
This includes; choice of medication, drug interactions, dose, duration of therapy, duplication and
follow up (Spinewine et al., 2007).
Choice of medication: A potential inappropriate medication (PIM) is a medication which
possesses an unfavorable risk-benefit ratio. This means that the risks associated with using this
medication outweighs its benefits, especially when there are more effective and safer alternatives
available (Bryne et al., 2011; Gallagher et al., 2007). In general, a PIM in older patients is
defined as a medication which has no clear evidence-based indication, or has a substantial higher
risk of causing an ADE and; is not considered cost effective (O’Mahony & Gallagher, 2008).
A number of medications exhibit an increased potential to cause problems in older individuals
and these medications have been categorized as potentially inappropriate medications (PIMs).
Such medications do not necessarily cause problems in all older patients but do have an
increased potential to cause harm (Chutka et al., 2004). One example is anticholinergic drugs
which increase the risk of confusion, dry mouth, constipation and other anticholinergic effects
(American Geriatric society [AGS], 2012).
Drug interactions in the elderly
Inappropriate prescribing (IP) also encompasses the prescribing of medications with high
inherent risk of adverse drug-drug or adverse drug-disease interactions (Gallagher et al., 2007;
IOM, 1999).
A drug-drug interaction is said to occur when the effects of one drug are changed by the presence
of another drug (Baxter, 2008). Drug-drug interactions (DDIs) may broadly be categorized as
PK (delivery of the object drug to its site of action is altered by the precipitant) or PD (response
of the object drug is modified by the precipitant without changes in the PK of the object drug) in
nature (Oates, 2006).

The main types of PK interactions are metabolism-based DDIs or

transporter-based DDIs which in both cases can be inhibited or induced leading to clinical
consequences. This is relevant especially for co-administered drugs with a narrow therapeutic
index or a steep dose-response curve. On the other hand, PD interactions take place at the
pharmacologic drug binding sites, whereby two drugs might work synergistically or antagonize
the activity of one drug or both drugs together (Boobis et al., 2009), so the consequences of the
interaction may be additive or antagonistic (Hines & Murphy, 2011).
Age related physiologic changes may be influenced by genetics, lifelong living habits, and/ or
the environment, which may contribute to wide interpatient variability and the complexity of
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managing drug interactions in the elderly population (Mallet et al., 2007; Oates, 2006).
The inhibition and induction of drug metabolism are generally not altered with aging
(Cusack, 2004).
Drug-drug interactions DDIs are desirable if they reduce adverse effects or improve
the efficacy of the combined agents. Conversely, they are undesirable if they hinder treatment
by increasing ADRs and/or reducing treatment effectiveness (Fonseca & Secoli, 2008; Secoli,
2001).
Simply knowing that two drugs may interact does not offer enough information to health care
professional to devise a plan to reduce risk of an adverse outcome. The risk of most drug
interactions can be minimized by an accurate management (e.g. by dose adjustment, spacing of
dosing times and close monitoring of the therapy) and thus, drug combinations do not have to be
avoided. Therefore, drug interaction information sources should directly provide guidelines
about the manageability of a drug interaction (Indermitte, 2006).
Drug-disease interactions can be defined as exacerbations by medications of preexisting
diseases, conditions, or syndromes. They are more common in older adults because of their
multiple chronic diseases and use of multiple medications (Lindblad, Gray et al., 2005).
An example is the use of benzodiazepines in older patients with delirium. In this case, delirium
will be induced or worsened (AGS, 2012).
Elderly patients are more susceptible to drug interactions and their consequences than younger
patients because of age-related physiologic changes, an increased risk for disease associated with
aging, and the consequent increase in medication use (Hines & Murphy, 2011).
Table (2. 4) shows some common examples of DDIs in the elderly.
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Table 2.4 Examples of common drug-drug interactions in elderly (Delafuente, 2003)
Drug
Omeprazole

Selected drug
interactions
Ketoconazole

Potassium
Chloride

ACE inhibitors
Spironolactone

Increase serum potassium concentration.

Digoxin

NSAIDs

Increase digoxin serum concentration; NSAIDs can
decrease GFR in elderly patients.
Increased digoxin serum concentration; possible
decrease renal and non renal elimination of digoxin.

Amiodarone
Atorvastatin

Erythromycin
Digoxin

Celecoxib

ACE inhibitors
Furosemide

Clopidogril

NSAIDs

Mechanism/comment
Decrease ketoconazole absorption; omeprazole
increase gastric pH and ketoconazole requires an
acidic environment for dissolution and solubility.

Increase atorvastatin serum concentration; CYP3A4
inhibition.
Increase digoxin serum concentration; mechanism
unknown.
Decrease antihypertensive effects; NSAIDs can
increase blood pressure.
NSAIDs can decrease natriuretic effects of
furosemide.
Increase gastrointestinal bleeding; decrease platelet
aggregation.

Theophylline Quinolone antibiotics

Some quinolones can decrease the metabolism of
theophylline leading to theophylline toxicity. If
quinolone is needed levofloxacin and moxifloxacin
are good alternatives that do not effect theophylline
mechanism.

Warfarin

Increase bleeding risk from enhanced warfarin
activity. Macrolides can inhibit the metabolism of
warfarin. Monitor international normalized ratio
(INR) closely and adjust the warfarin dose
accordingly.

Macrolide antibiotics
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Duplication of therapy
Therapeutic duplication is defined as two or more medications in the same therapeutic class
prescribed to the patient and resulting in unnecessary therapeutic duplication (Bobb et al., 2004).
When a large number of medications are used, the potential for drug duplication is high and this
probably increases the risk of ADEs (Tozawa et al., 2002). Drug duplication can result in
patient overdose with unpredictable or undesirable effects.

Furthermore, there is also a

significant waste of healthcare resources (Long et al., 2008).
Dose and duration
Inappropriate prescribing (IP) also includes the misuse of medicines regarding dose and duration
(Spinewine et al., 2007). Medications can be prescribed at higher doses or frequencies for
periods longer than are clinically indicated (Gallagher et al., 2007; IOM, 1999). Failure to
adjust doses in the elderly is common (Elliott et al., 2003; Roughead et al., 2004). Higher
prevalence of ADRs, multidrug regimens, and large interindividual variability in drug response
make drug dosage and administration in the elderly challenging. Changes in PK and PD need to
be considered when prescribing drugs to the elderly (Flammiger & Maibach, 2006). A general
approach when prescribing drugs to the elderly would be to start with a small initial dose and
titrate this dose to a clearly defined therapeutic response (Katzung, 2004). It is crucial to
simplify the drug regimen as much as possible in order to enhance drug management in the
elderly (Flammiger & Maibach, 2006).
Conventional wisdom supports the use of lower doses when prescribing drug treatment for older
patients. The degree to which the dose is reduced depends on the medication and the clinical
situation. For some medications, such as thiazide diuretics for the treatment of uncomplicated
hypertension, low doses have been evaluated in clinical trials and found to be effective.
For other medications, such as β-blockers for secondary prevention of myocardial infarction,
a low dose is probably the appropriate starting point, but the optimal dose is unknown. Finally,
for drugs such as warfarin, the use of low doses should not be confused with the need to reach
the target therapeutic range (Rochon et al., 1999).
Follow up in elderly
Monitoring of drug therapy in elderly is often suboptimal (Gurwitz et al., 2003; Higashi et al.,
2004; Simon, Andrade et al., 2005). An Australian study conducted by Roughead et al. (2004)
among 1000 patients living in the community illustrated that one in three people were found to
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require additional monitoring. Cardiovascular drugs, especially digoxin and diuretics, were the
most common medications requiring additional monitoring. Monitoring drug use involves:


Documenting the indication for a new drug



Keeping a current list of drugs used by the patient in medical records



Monitoring for achievement of therapeutic goals and other responses to new drugs



Monitoring necessary laboratory tests for efficacy or adverse effects



Periodically reviewing drugs for continued need

Such measures are especially important for elderly patients. Lack of close monitoring, especially
after new drugs are prescribed, increases risk of adverse effects and ineffectiveness
(Ruscin & Linnebur, 2014).
2.7.6 Measures of appropriateness of prescribing in older people
Appropriateness of prescribing can be evaluated using explicit (criterion-based) and implicit
(judgment-based) measures (Brook, 1977). Explicit indicators of appropriate prescribing for
older people are usually developed based on extensive literature reviews, expert opinions and
consensus techniques. Gathering expert opinion is often required in geriatrics because evidencebased aspects of treatments are frequently lacking for older people (Campbell & Cantrill,
2001). These measures are usually drug- or disease-oriented, and can be applied with little or no
clinical judgment (Spinewine et al., 2007). There are legitimate concerns, however that explicit
criteria may be too rigid and cannot take into account all factors that define individualized high
quality of health-care (Anderson et al., 1997). They often do not address the burden of
comorbid disease (Boyd et al., 2005; Tinetti et al., 2004), and they rarely incorporate patient
preferences (Spinewine et al., 2007). In addition, consensus approaches have limited evidence
on their validity and reliability (Campbell & Cantrill, 2001).
In implicit approaches, a clinician utilizes information from the patient and from
the scientific medical literature to make judgments regarding appropriateness. The focus is
usually on the patient rather than on a specific drug or disease. These approaches are potentially
the most sensitive, can account for patient preferences, but they are time consuming, depend on
the user's knowledge and attitudes, and can have low reliability (Spinewine et al., 2007).
Improving prescribing quality for older people means reducing irrational and inappropriate
prescribing, thereby resulting in better health outcomes (Kaur et al., 2009). Accordingly,
appropriate assessment tools are key elements in defining whether an effective change in
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prescribing has occurred. Desirably, such tools should also be inexpensive, user-friendly and
aimed at assisting clinical judgment in medication selection for the elderly and reducing IP
(Kaur et al., 2009). At present there are many tools for IP in elderly people in the scientific
literature that are aimed at regular clinical use, e.g. Beers' criteria (Beers et al., 1991), the
improved inappropriate prescribing in the Elderly Tool (IPET) (Naugler et al., 2000), screening
tool for older people potentially inappropriate prescriptions (STOPP) (Gallagher & O'Mahony,
2008), screening tool to alert doctors to right therapy (START) (Barry et al., 2007) and the
medication appropriateness index (MAI) (Hanlon et al., 1992). Beers' criteria, published in
1991, is the most widely used instrument (O'Mahony & Gallagher, 2008).
2.7.6.1 Beers' Criteria
Beers' criteria, a United States based guideline, was originally formulated in 1991
(Beers et al., 1991). Beers' criteria is a list of PIMs developed and published by Beers and
colleagues for nursing home residents in 1991 and expanded and revised in 1997, 2003 and 2011
to include all settings of geriatric care (AGS, 2012; Beers et al., 1991; Beers, 1997; Fick et al.,
2003).
Fifty three medications or medication classes encompass the final updated criteria.
The criteria are divided into three categories: PIMs and classes to avoid in older adults
(Table 2.5), PIMs and classes to avoid in older adults with certain diseases and syndromes that
the drugs listed can exacerbate (Table 2.6), and finally medications to be used with caution in
older adults (Table 2.7) (AGS, 2012).
Number of investigators in rigorously designed observational studies have shown a strong link
between the medications listed in the Beers' criteria and poor patient outcomes (e.g., ADEs,
hospitalization, mortality) (Lund et al., 2011; Passarelli et al., 2005). Moreover, research has
shown that a number of PIMs have limited effectiveness in older adults and are associated with
serious problems such as delirium, gastrointestinal bleeding, falls and fractures (Chrischilles et
al., 2009; Stockl et al., 2010).
Thoughtful application of the 2012 updated criteria will allow for closer monitoring of drug use,
application of real-time e-prescribing and interventions to decrease ADEs in older adults, and
better patient outcomes.

However, the American Geriatric Society (AGS) Updated Beers'

criteria do not address other types of PIMs (e.g., dosing of primarily renally cleared medications,
DDIs, therapeutic duplication) (AGS, 2012). In addition, Lee et al. (2013) highlight that the
Beers‟criteria do not allow for any measurement of outcome as a result of using PIMs.
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An update of the Beers' Criteria should include a clear approach to review and grade
the evidence for the drugs to avoid. In addition, the criteria need to be regularly updated as new
drugs come to the market, as new evidence emerges related to the use of these medications, and
as new methods to assess the evidence develop. Being able to update these criteria quickly and
transparently is crucial to their continued use as decision-making tools, because regular updates
will improve their relevancy, dissemination, and usefulness in clinical practice (AGS, 2012).
2.7.6.2 Improving Prescribing in the Elderly Tool (IPET)
The Improving Prescribing in the Elderly Tool (IPET) is a Canadian guideline that lists
14 different drug/disease interactions which should be avoided in the older person
(Naugler et al., 2000). This tool has not been widely or extensively used in determining
potential IP, possibly owing to its brevity (Foody et al., 2002).

Furthermore, insufficient

convincing evidence exists regarding IPET‟s efficacy to reduce ADRs incidence, reduce
excessive health resource utilization or decrease mortality (Page et al., 2010).
2.7.6.3 Screening Tool of Older people Potential Inappropriate prescriptions (STOPP)
The Screening Tool of Older people Potential Inappropriate prescriptions (STOPP) incorporates
commonly encountered instances of PIMs prescribing in older adults that include drug–drug and
drug–disease interactions, drugs that adversely affect older patients at risk of falls, and duplicate
drug class prescriptions (Gallagher, Ryan et al., 2008). The criteria lists 65 instances of
potentially IP (Byrne et al., 2011). They are arranged according to relevant physiological
systems for ease of use, and each criterion is accompanied by a concise explanation as to why
the prescription is potentially inappropriate (Gallagher, Ryan et al., 2008).
2.7.6.4 Screening tool to alert doctors to right therapy (START)
The START tool lists 22 common instances of potential prescribing omissions (PPOs) divided
into six physiological systems to which the PPOs pertain.

The initial list of criteria was

formulated based on a combination of evidence and common instances of PPOs observed
throughout clinical working practice (Byrne et al., 2011). Prescribing omission is the failure on
the part of doctors to prescribe drugs that are clearly indicated and likely to benefit the patient
(Batty et al., 2003).
2.7.6.5 The Medication Appropriateness Index (MAI)
The Medication Appropriateness Index (MAI) is a measure of prescribing appropriateness that
assesses ten elements of prescribing: indication, effectiveness, dose, correct directions, practical
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directions, DDIs, Drug-disease interactions, duplication, duration, and cost (Hajjar et al., 2005).
Although clinical judgment is needed to assess some criteria (which is why the MAI is classified
as an implicit measure), the index has operational definitions and explicit instructions, which
standardize the rating process (Page et al., 2010). The ratings generate a weighted score that
serves as a summary measure of prescribing appropriateness ranging from 0 to 18 (0=no item
inappropriate; 18=all items inappropriate) (Hajjar et al., 2005). A weight of three was given for
indication and effectiveness. A weight of two was assigned to dosage, correct directions, DDIs
and drug-disease interactions. A weight of one was assigned to practical directions, expense,
duplication and duration (Hanlon et al., 1992). However, it is time-consuming and does not
assess underprescribing (Samsa et al., 1994).
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Table 2.5 Selected examples of PIMs mentioned in Beers' criteria independent of diagnosis
(ID) in older adults (AGS, 2012)
Organ System or Therapeutic/ Category or
Drug(s)
Anticholinergics
First-generation antihistamines
(as single agent or as part of combination
products)
Chlorpheniramine,
Promethazine,
Triprolidine,
Antiparkinson agents
Benztropine, Trihexyphenidyl
Antispasmodics
Belladonna alkaloids, Clidinium-chlordiazepoxide
Anti-infective
Nitrofurantoin

Cardiovascular
Alpha1 blockers, Doxazosin, Prazosin
Antiarrhythmic drugs, e.g. Amiodarone

Digoxin > 0.125 mg/day

Spironolactone > 25 mg/day
Central Nervous System
Tertiary tricyclic antidepressants (TCAs), alone or
in combination: Amitriptyline, Chlordiazepoxideamitriptyline, Clomipramine, Imipramine.
Benzodiazepines. Short and intermediate acting:
Alprazolam, Lorazepam.
Long acting:Clorazepate, Chlordiazepoxide
Clonazepam, Diazepam

Endocrine
Sulfonylureas. long duration, e.g. Glyburide
Gastrointestinal
Metoclopramide

Pain medications
Meperidine
Non selective NSAIDs, e.g. oral Aspirin > 325
mg/day, Diclofenac, Diflunisal, Etodolac,
Ibuprofen, Meloxicam, Piroxicam, Sulindac.
Skeletal muscle relaxants, e.g. Chlorzoxazone
Cyclobenzaprine, Orphenadrine

Rationale

Risk of confusion, dry mouth, constipation, and other
anticholinergic effects and toxicity.

Not recommended for prevention of extrapyramidal
symptoms with antipsychotics; more-effective agents
available for treatment of Parkinson disease
Highly anticholinergic, uncertain effectiveness

Potential for pulmonary toxicity; safer alternatives
available; lack of efficacy in patients with creatinine
clearance (CrCl) < 60 mL/min due to inadequate
drug concentration in the urine.
High risk of orthostatic hypotension.
Amiodarone is associated with multiple toxicities,
including thyroid disease, pulmonary disorders, and
QT- interval prolongation.
In heart failure, higher dosages associated with no
additional benefit and may increase risk of toxicity;
slow renal clearance may lead to risk of toxic effects.
In heart failure, the risk of hyperkalemia is higher in
older adults especially if taking > 25 mg/day.
Highly anticholinergic,
orthostatic hypotension.

sedating,

and

cause

Older adults have increased sensitivity to
benzodiazepines and slower metabolism of longacting agents. In general, all benzodiazepines
increase risk of cognitive impairment, delirium, falls,
fractures, and motor vehicle accidents in older
adults.
Greater risk of severe prolonged hypoglycemia in
older adults.
Can cause extrapyramidal effects including tardive
dyskinesia; risk may be even greater in frail older
adults.
Not an effective oral analgesic in dosages commonly
used; may cause neurotoxicity.
Increases risk of gastro-intestinal (GI) bleeding and
peptic ulcer disease in high-risk groups, including
those aged > 75 years old or taking oral or parenteral
corticosteroids, anticoagulants, or antiplatelet agents.
Most muscle relaxants are poorly tolerated by older
adults because of anticholinergic adverse effects,
sedation, risk of fracture; effectiveness at dosages
tolerated by older adults is questionable.
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Table 2.6 Selected examples of PIMs mentioned in Beers' criteria considering diagnosis
(CD) in older adults (AGS, 2012).
Disease or
Syndrome
Cardiovascular
Heart failure

Drug(s)

Rationale

NSAIDs and COX2 inhibitors.
Nondihydropyridine
CCBs:
Diltiazem and verapamil (avoid
only for systolic heart failure).
Syncope
Peripheral
alpha
blockers
(Doxazosin, Prazosin). Tertiary
TCAs.
Central nervous system
Delirium
Anticholinergics (Antihistamines,
antidepressants, antispasmodics),
Benzodiazepines.
History of falls or Anticonvulsants, Antipsychotics
fractures
Benzodiazepines,
Selective
serotonin
reuptake
inhibitors
(SSRIs).
Gastrointestinal
Chronic
Oral antimuscarinics for urinary
constipation
Incontinence: Oxybutynin (oral);
Nondihydropyridine
CCBs:
Diltiazem, verapamil.
History of gastric Aspirin (>325 mg/day)
or
duodenal Non–COX-2 selective NSAIDs
ulcers
Kidney and urinary tract
Chronic kidney
NSAIDs
disease Stages
IV and V
Benign prostatic Strongly anticholinergic drugs (e.g.
hyperplasia
antipsychotics),
except
antimuscarinics
for
urinary
incontinence.

Potential to promote fluid retention and/or
exacerbate heart failure.

Increases risk of orthostatic hypotension
or bradycardia.

Inducing or worsening delirium in older
adults.
Ability to produce ataxia, impaired
psychomotor function, syncope and
additional falls.

Can worsen constipation.

May exacerbate existing ulcers or cause
new or additional ulcers.

May increase risk of kidney injury.

May decrease urinary flow and cause
urinary retention.

Table 2.7 Selected examples of PIMs mentioned in Beers' criteria to be used with caution in
older adults (AGS, 2012).
Drug
Aspirin for primary
prevention of cardiac events
Vasodilators

Rational
Lack of evidence of benefit versus risk in individuals aged ≥ 80 years
old.
May exacerbate episodes of syncope in individuals with history of
syncope.
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2.7.7 Studies investigating IP in different settings (Appendix 7).
Different studies have investigated IP at different settings using different criteria in different
countries. A recent cross-sectional study investigated the prevalence and risk factors of IP
among 89 elderly home care patients in Japan. The study used STOPP and START criteria to
identify IP. In this study 40.4% had at least one PIM and 60.7% had at least one incidence of
underprescribing. Risk factors for PIMs were hypertension, constipation, and polypharmacy,
while those for underprescription were osteoporosis and polypharmacy (Hamano & Tokuda,
2014).
Limpawattana et al. (2013) conducted a retrospective study to evaluate the prevalence of and
the factors associated with the use of PIMs by Thai elderly patients in an outpatient setting of
a tertiary care hospital. Medical records were randomly reviewed in 308 elderly patients in
2010. Beers' criteria (2003) and STOPP were used to identify PIMs. The prevalence of PIMs
determined by Beers' criteria and STOPP was 19.2% and 31.5%, respectively. According to
Beers' criteria, calcium channel blockers, anticholinergics and TCAs were the most common
medications associated with PIMS based on CD criteria.

Amitriptyline, chlordiazepoxide-

amitriptyline and perphenazine-amitriptyline were the most common medication prescribed
independent of diagnosis. Regarding PIMs identified by STOPP, about one-fifth of all PIMs
were benzodiazepines. These medications adversely affect falling patients. The higher number
of prescription medications increased the risk of PIMs based on STOPP criteria
Ryan, O'Mahony, Kennedy, Weedle & Byrne (2009) measured the prevalence rates of
potential IP and PPOs for 1329 Irish patients ≥ 65 years old in primary care setting using Beers'
criteria, STOPP and START. Beers' criteria identified 286 PIMs in 243 (18.3%) of patients.
A total of 212 PIMs identified by Beers' criteria ID; 86 (40.6%) PIMs were for doxazosin and 68
(31.9%) were for benzodiazepines. A total of 74 PIMs were identified using Beers' CD, the
highest proportion (74.3%) was for benzodiazepines in patients with concurrent depression. The
STOPP criteria identified a total of 346 PIMs prescribed for 284 (21.4%) patients. These PIMs
were attributed to six groups of medicines: proton pump inhibitors (PPIs), benzodiazepines,
NSAIDs, β-blockers, tricyclic antidepressants and calcium channel blockers. Screening tool to
alert doctors to right therapy (START) identified a total of 333 PPOs in 302 (22.7%) patients.
The cardiovascular system accounted for most of the PPOs.

Aspirin was the commonest

cardiovascular PPO identified. Omissions of calcium and vitamin D supplements were the
commonest PPO for the musculoskeletal system.
cardiovascular perspective.
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Statins were often omitted from a

Schuler et al. (2008) found in a prospective cohort study over a period of three months, that
polypharmacy, IP and ADEs were highly prevalent among elderly internal medical patients in a
University hospital in Austria. The pre-admission medications of the patients were analyzed
with respect to appropriateness by a multidisciplinary team consisting of pharmacists and
physicians trained in internal medicine. A total of 543 patients were analyzed. Overall, 317
(58.4%) of the patients fulfilled the given criteria for polypharmacy (> 6 drugs). Unnecessary
drugs were found prescribed in 197 (36.3%) of all patients. Drugs to avoid (Beers' criteria) were
found in 163 (30.1%) patients. Wrong doses and duplication of therapy were found in 127
(23.4%) and 41(7.6%) of patients, respectively. Patients with polypharmacy had a significantly
higher risk for wrong dosage. In many cases, the overdosage occurred in patients with renal
failure. Adverse drug events (ADEs) were identified in 97 (17.8%) of the patients, and ADEs
were the reason for hospital admission in 56.7% (55/97) of the cases. The most common ADEs
were hemorrhages (n = 16), hyponatremia (n = 13), hypokalemia (n = 10) and bradycardia
(n = 10). The most common causative drugs were diuretics, oral anticoagulants, NSAIDs,
antiarrhythmics, antiplatelet drugs and psychotropic drugs. Risk factors for ADEs were female
sex, polymorbidity, renal dysfunction and IP.
Perri et al. (2005) conducted a cohort study to identify the prevalence of inappropriate
medication use and the likelihood of adverse health outcome among elderly patients in 15
Georgia nursing homes using the Beers' criteria. Medical records for 1117 patients with high
risk of polypharmacy were reviewed. A total of 519 (46.5%) patients received at least one
inappropriate medication and 143 (12.8%) patients experienced at least one adverse health
outcome. The finding revealed that the total number of medications taken significantly increased
the likelihood of receiving an inappropriate drug, while having a diagnosis of "dementia"
decreased the likelihood.

Inappropriate medication use, particularly propoxyphene, was

associated with a higher risk of adverse health outcomes.
Klarin et al. (2005) investigated the association of inappropriate drug use with hospitalisation
and mortality in a population-based study of the very old in Sweden. A consensus-based criteria
were used to determine IP. A total of 785 participants were included in the study. The mean
number of drugs per patient was 4.4. Inappropriate drug use was common, with a prevalence of
18.6% and was associated with increased risk of at least one acute hospitalisation in
community-living elderly.
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A large study including 70203 outpatient visits by patients aged 65 and older found that 2.6% of
visits with at least one prescription had one or more inappropriate drug-disease combinations
examined (Zahan et al., 2005).
Rancourt et al. (2004) explored the prevalence of potential IP in 2633 elderly in long-term care
in Quebec city. Explicit criteria list for potential IP was developed based on the literature. After
reviewing medication orders, it was revealed that the majority (54.7%) of treated patients had
a potential IP. Most common potential IP were drug interactions (33.9% of treated patients),
followed by potential inappropriate duration (23.6%), PIMs (14.7%) and potential inappropriate
dosage (9.6%). Potential IP were most frequent for medications of the central nervous system
(10.8% of prescribed medication). The likelihood of potential IP increased significantly as the
number of drugs prescribed increased and with the length of stay. On the other hand, the risk of
receiving a potential IP decreased with age.
2.7.8 Inappropriate prescribing in hospitalized patients
Medication use in general is greater in hospitals. In a study of 1416 elderly inpatients (median
age 81 years) on medical and aged care wards at nine hospitals in Victoria, the average number
of drugs prescribed per patient was eight (Elliott et al., 2003). Hospitalization is also a time
when many changes are made to medications, and often the number of prescribed drugs
increases (Elliott, 2006). Australian studies have reported that an average of five to seven
changes are made during hospitalization, including cessation of two to three drugs and initiation
of three to four (Crotty, Rowett et al., 2004; Harris et al., 2002). This contributes to increase
risk of drug-related problems during and immediately following hospitalization (Elliott, 2006).
The inpatient setting can be particularly hazardous regarding ADEs due to the problem of
multiple prescribers, medication reconciliation issues, and poor communication between
outpatient and inpatient providers (Page et al., 2010).
Liu et al. (2012) evaluated the prevalence of IP among elderly inpatients in a medical center in
Taiwan and the associative factors. The IP was evaluated by the STOPP and START criteria.
According to STOPP criteria, 36.2% of the study subjects had at least one PIM. The most
common PIMs were medications that may adversely affect those who are prone to falls, e.g.,
benzodiazepines, neuroleptics and first generation antihistamines (14.2%) and calcium channel
blockers with chronic constipation (12.3%). Besides, 218 patients (41.9%) had at least one PPO.
The most common PPOs included statin therapy in diabetes mellitus if coexisting major
cardiovascular risk factors present (19.0%) and antiplatelet therapy in diabetes mellitus with
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co-existing major cardiovascular risk factors (12.5%). The study found that older age and
number of medications were significant risk factors for PIMs.
A prospective study was conducted by Gallagher et al. (2011) for 900 older patients admitted to
six European University teaching hospitals (150 patient per centre) in Geneva (Switzerland),
Madrid (Spain), Oostende (Belgium), Perugia (Italy), Prague (Czech Republic) and Cork
(Ireland). Screening Tool of Older people Potential Inappropriate Prescriptions (STOPP) and
Beers' criteria were applied to detect PIMs. Screening tool to alert doctors to right therapy
(START) criteria were applied to detect PPOs. The overall PIMs prevalence was 51.3% using
STOPP criteria varying from 34.7% in Prague to 77.3% in Geneva, and 30.4% using Beers'
criteria, varying from 22.7% in Prague to 43.3% in Geneva. Using START criteria, the overall
PPOs prevalence was 59.4%, ranging from 51.3% in Cork to 72.7% in Perugia. Polypharmacy
predicted the presence of PIMs using STOPP criteria and Beers' criteria. While increasing
co-morbidity and age ≥ 85 years predicted PPOs.
Hanlon et al. (2004) conducted a study to determine the prevalence and predictors of IP for
hospitalized frail elderly patients at 11 Veterans Affairs Medical Centers. A total of 397 frail
elderly inpatients was involved in the study. Medication Appropriateness Index (MAI) was used
to assess IP. Three hundred and sixty five (91.9%) patients had ≥ 1 IP determined by MAI
criteria. The most common problems involved expensive drugs (70.0%), impractical directions
(55.2%), and incorrect dosages (50.9%). The most common drug classes with appropriateness
problems were gastric (50.6%), cardiovascular (47.6%), and central nervous system (23.9%).
The number of prescription and nonprescription drugs and poor health were related to higher
MAI scores.
A study conducted by Onder et al. (2003) to determine the prevalence of inappropriate
medication use among hospitalized older adults and to identify predictors of this use, involved a
total of 5734 patients (mean age 79 years).

Beers'criteria was used to identify IP.

The prevalence of IP was 837 (14.6%). Ticlopidine was the most frequently used medication
among those in Beers' list (in 346; 6% of patients) followed by digoxin (in 174; 3% of patients)
and amytriptyline (in 113; 2% of patients). The most important determinant of risk of receiving
an inappropriate medication was the number of drugs being taken. Older age and cognitive
impairment were associated with a reduced likelihood of using an inappropriate medication.
Chin et al., (1999) performed a prospective cohort study of 898 patients 65 years or older who
presented to an urban academic emergency department (ED) in 1995 and 1996. Potential
inappropriate medications (PIMs) and adverse drug-disease interactions were identified using the
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1997 Beers' explicit criteria for elders. About 10.6% of the patients were taking a PIM. Around
3.6% were given one in the ED, and 5.6% were prescribed one upon discharge from the ED.
The most frequently prescribed PIMs in the ED were diphenhydramine, indomethacin,
meperidine, and cyclobenzaprine. Potentially adverse drug-disease interactions were relatively
uncommon at presentation 5.2%, in the ED 0.6%, and on discharge from the ED 1.2%.
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2.7.9 Approaches for optimizing drug prescribing in the elderly:
2.7.9.1 Regulation
Various regulatory policies have been developed to improve

IP

in the elderly

(Kaur et al., 2009). Regulatory approaches impose restrictions on the use of certain drugs, and
were mainly implemented in the U.S. They are limited to specific medications or drug related
problems, and are not sufficient to bring about changes in prescribing (Hughes & Lapane,
2005). A retrospective cohort study conducted by Lane et al. (2004) showed an example of
regulatory approach. This study showed that provision of pharmacy services in nursing homes in
Canada resulted in reduction of using potentially inappropriate drug therapy to nursing home
residents than to older community-dwelling adults. Another study in the U.S. showed another
example of regulatory approach, the centers for Medicare and Medicaid Services have expanded
the drug use review protocol to include a list of inappropriate medications. Some post-policy
declines in nursing home use of PIMs noted but decrease was uneven and could not be attributed
to drug use reviews (Briesacher et al., 2005).
2.7.9.2 Education, audit and feedback
Educational and feedback approaches have been widely used to promote changes in prescribing
behaviours, and they are often used in combination. In the care of elderly patients, educational
approaches are potentially of high relevance because most physicians and other health care
professionals

receive

inadequate

training

(Bragg & Warshaw, 2005; Hazzard, 2003).

in

geriatric

pharmacotherapy

Educational strategies targeting practicing

physicians can be passive (e.g. didactic courses, dissemination of printed material alone), or
more interactive (e.g. academic detailing). Academic detailing refers to repeated face-to-face
delivery of educational messages to individual prescribers, by doctors or pharmacists
(Majumdar & Soumerai, 2003).
A study conducted by Rahme et al. (2005) examined whether a continuing medical education
intervention increased general practitioners' ability to select the proper pharmacological
treatment for patients with osteoarthritis.

Eight towns in Quebec, Canada were randomly

allocated to one of four intervention options, workshop and decision tree, workshop, decision
tree, or no intervention. All general practitioners practicing in each town were eligible to
participate. The researchers analyzed 5318 dispensed prescriptions written by 249 general
practitioners in the five-month preintervention period and 4610 dispensed prescriptions written
by the same physicians in the five-month postintervention period.
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The probability of

improvement IP in the towns allocated the workshop and decision tree was 94%. The study
concluded that an interactive approach offered by peers and complemented by easy to use
guidelines may enhance the general practitioner's ability to manage osteoarthritis patients. In the
hospital setting, one study found that comprehensive multidisciplinary educational program
decreased the use of antibiotics in a geriatric hospital (Lutters et al., 2004).
Auditing prescribing practice and then providing feedback to physicians on the quality of their
prescribing is another potential optimization strategy. Previous literature reviews found that
passive educational approaches are likely to be ineffective, while more interactive educational
and feedback strategies can improve the quality of prescribing (Hanlon et al., 2001).
Grindrod et al. (2006) found that audit and feedback were consistently effective for impacting
prescribing practice. They concluded that to maximize impact, pharmacists' efforts to positively
impact prescribing practices should focus on these intervention types rather than relying
primarily on passive didactics or dissemination of guidelines.
2.7.9.3 Computerized prescribing and decision support
Computerized prescription order entry (CPOE) and computerized decision support systems
(CDSS) are potentially powerful tools to prevent errors that lead to serious drug-related injuries
(Kaushal et al., 2003). The increased risk of such injuries in older people further enhances the
attractivity of these systems for the geriatric population. Computerized decision support systems
(CDSS) can provide support with regard to drug interactions, choice of drug, dosages, and
monitoring. Computerized prescription order entry (CPOE) can also improve communication
among

providers

during

(Weiner et al., 2003).

transitions

of

older

people

among

sites

and

providers

A prospective randomized, controlled trial was conducted by

Raebel et al. (2007) in a U.S. health maintenance organization.

Prescription and age

information were linked to alert pharmacists when a patient aged 65 and older was newly
prescribed one of 11 medications that are potentially inappropriate in older people. Two groups
of patients aged ≥ 65 years old were followed over the 1-year study, 543 intervention group
patients aged ≥ 65 years old were newly dispensed prescriptions for targeted medications,
compared with 644 usual care group patients. The study demonstrated the effectiveness of a
computerized pharmacy alert system plus collaboration between healthcare professionals in
decreasing PIMs dispensing in elderly patients.
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2.7.9.4 Multidisciplinary approaches
Multidisciplinary approaches for the care of older patients are among the most effective
approaches. Such approaches are applicable in all settings of care, though local adaptations are
needed. Multidisciplinary teams elevate the importance of non-physician input, and make fewer
mistakes than do individuals, especially when each team member knows his or her own
responsibilities as well as those of other team members (Amalberti et al., 2005).
Geriatric medicine service approaches generally consist of a multidisciplinary team including a
geriatrician and other health-care providers with specialized geriatrics training (e.g. nurses,
pharmacists, psychiatrists) (Spinewine et al., 2007). One qualitative study conducted in five
acute wards for care of the elderly in Belgium, found that several factors, such as the input of
geriatricians and good communication between members of the multidisciplinary geriatric team,
lead to better use of medicines (Spinewine et al., 2005). Another controlled study involved 834
frail elderly inpatients and outpatients in 11Veterans Affairs hospitals found that geriatric
evaluation and management teams can decrease overuse, underuse, and misuse of medicines, and
decrease ADRs, in comparison to general adult care (Schmader et al., 2004).
2.7.9.5 Clinical pharmacy and pharmaceutical care
Clinical pharmacy is a health science discipline in which pharmacists provide patient care that
optimizes medication therapy and promotes health, wellness, and disease prevention (American
College of Clinical Pharmacy, 2008).

The practice of clinical pharmacy embraces the

philosophy of pharmaceutical care (Hepler & Strand, 1990); it blends a caring orientation with
specialized therapeutic knowledge, experience, and judgment for the purpose of ensuring optimal
patient outcomes. As a discipline, clinical pharmacy also has an obligation to contribute to the
generation of new knowledge that advances health and quality of life (American College of
Clinical Pharmacy, 2008).
Pharmaceutical care is the practitioners' responsibility to ensure that all of a patient's medications
are appropriate to the patient's condition, are the most effective available, are the safest possible
and are used correctly by the patient (Simonson & Feinberg, 2005). This is accomplished by
identifying, resolving and preventing medication-related problems that may interfere with
treatment goals and positive patient outcomes (Council of Europe, European Directorate for
the Quality of Medicines & HealthCare, 2012; Hepler & Strand, 1990).
When clinical pharmacists provide pharmaceutical care to individual patients, they perform
medication reviews. A medication review is a structured, critical examination of a patient‟s
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medicines with the objective of reaching an agreement with the patient about treatment,
optimizing the impact of medicines, minimizing the number of drug related problems and
reducing waste (Holland et al., 2006).
There is considerable evidence from many studies that clinical pharmacists providing medication
reviews can decrease the occurrence of drug related problems in the elderly. Several of these
studies used validated measures of appropriateness of prescribing, such as the MAI (Crotty,
Halbert et al., 2004; Crotty et al., 2005; Schmader et al., 2004), drug-to-avoid criteria
(Briesacher et al., 2005; Christensen et al., 2004), or other sets of explicit criteria (Meredith
et al., 2002). Successful interventions require that clinical pharmacists work in close liaison
with the prescriber, and have access to the full clinical record of the patient in order to improve
prescribing and patient outcomes in elderly people (Linnebur et al., 2005).
Crotty, Halbert et al. (2004) conducted a randomized controlled study to evaluate the impact
of multidisciplinary teams on the appropriateness of medications and on patient behaviours in
nursing home.

Two multidisciplinary teams involving the resident's general practitioner,

a geriatrician, a pharmacist and residential care staff were held at the nursing home for each
resident.

All residents in the study had their medication charts reviewed pre- and post-

intervention by an independent pharmacist using the MAI. Outcomes were assessed for the
patients. Medication appropriateness improved in the intervention group compared with the
control group.
Meredith et al. (2002) conducted a study among elderly in two of the largest home health
agencies in the U.S. to test the efficacy of a medication use improvement program developed
specifically for home health agencies. Qualifying patients were randomized to usual care or
usual care with the medication improvement program. The program addressed four medication
problems identified by an expert panel: unnecessary therapeutic duplication, cardiovascular
medication problems, use of psychotropic drugs in patients with possible adverse psychomotor
effects, and use of NSAIDs in patients at high risk of peptic ulcer complications. It used
a structured collaboration between a specially trained clinical pharmacist and the patients' homecare nurses to improve medication use.

Medication use was measured during an in-home

interview and follow-up (between 6 and 12 weeks) by interviewers unaware of treatment
assignment. A total of 259 randomized patients were studied; 130 in the intervention group and
129 with usual care. Medication use improved for 50% of intervention patients and 38% of
control patients.

The intervention effect was greatest for therapeutic duplication, with
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improvement for 71% of intervention and 24% of control patients.

Use of cardiovascular

medications also improved more frequently in intervention patients: 55% versus 18%.
Gillespie et al. (2009) conducted randomized controlled trial (RCT) to compare hospitalized
patients receiving standard (non-pharmacist) care with those receiving an enhanced, more
comprehensive service performed by a pharmacist integrated into the healthcare team. The trial
was carried out at Uppsala University Hospital between October 2005 and June 2006. Four
hundred patients aged 80 years or older were recruited from two acute internal medicine wards.
Clinical pharmacists provided the intervention group patients with an enhanced service: the
drugs were reviewed and advices were given to the physicians on drug selection, dosages and
monitoring needs. The patients were educated and monitored throughout the admission process.
In addition, the patients received discharge counselling. A follow-up call to patients was made
two months after discharge. The primary outcome measure was the frequency of hospital visits
(emergency department and readmissions) during the 12-month follow-up period.

Three

hundred and sixty eight patients (182 in the intervention group and 186 in the control group)
were followed for the predefined 12-months period. When the primary outcome measured; all
visits to hospital, were investigated. A difference of 16% percent was detected between the
groups in favour of the intervention group. Further, there was a 47% decrease in visits to the
ED, in the intervention group compared with the control group.
A retrospective study by Brown and Earnhart (2004) using Beers' criteria 1997 was conducted
in a large teaching hospital to determine if the Acute Care for Elders team pharmacist improved
the medication regimens of geriatric inpatients. The pharmacist consulted all patients. The
prevalence of inappropriately prescribed medications and the number of medications were
determined both upon admission and at discharge. The study found that pharmacist was able to
make a statistically significant difference in the number of elderly patients being prescribed
inappropriate medications upon discharge when compared with admission medication regimens.
Upon admission to the hospital, 10.1% of the patients were prescribed inappropriate medications.
At discharge, 2.02% of patients consulted by the Acute Care for Elders team were prescribed an
inappropriate medication. This was a statistically significant difference (P < 0.02). The number
of medications a patient was prescribed did not decrease.
Krska et al. (2001) conducted a RCT in general medical practices in the Grampian region of
Scotland to study the effect of medication review led by a pharmacist on resolution of
pharmaceutical care issues.

Pharmacists reviewed the drug therapy of 332 patients, using

information obtained from the practice computer, medical records and patient interviews. In 168
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patients, a pharmaceutical care plan was then drawn up and implemented. The 164 control
patients continued to receive normal care. All outcome measures were assessed at baseline and
after 3 months. Of all the issues, 21% were resolved by information found in notes and 8.5% by
patient interview. General practitioners agreed with 96% of all care issues documented on the
care plans in the intervention group. At the time of follow-up, 70% of the remaining care issues
had been resolved in the intervention group, while only 14% had been resolved in the control
group. There were small increases in contacts with health-care professionals and slightly fewer
hospital admissions among the intervention group than the control group. The study found that
pharmacist-led medication review has the capacity to identify and resolve pharmaceutical care
issues and may have some impact on the use of other health services.
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Chapter 3
Research Methodology
3.1 Study design
The study is a cross-sectional retrospective study. Medical files for patients admitted to the
hospital over two months (from1st November 2012 to 31st December 2012) were screened for IP.
3.2 Setting
The study was conducted at Al Shifa Hospital, Gaza, Palestine.

Al Shifa hospital is

a 719-bed hospital. It is divided into three parts: internal section, surgery section, and delivery
section. The study was conducted in the internal section which has 233 bed. Three departments
were investigated, internal medicine department (71-bed), cardiology department (22-bed), and
respiratory department (26-bed).
3.3 Study population
The target population is elderly inpatients ≥ 65 years old from both gender (men and women) at
Al Shifa Hospital, but the direct study population was the regular drugs which were prescribed to
those patients.
3.4 Sample size
All the admitted patients to the three assigned departments in Al Shifa Hospital who were ≥ 65
years old in the period from 1st November 2012 to 31st December 2012 were included in the
study. Three hundred eighty elderly inpatients (177 men and 203 women) were assessed for
different types of IP. Regarding drugs prescribed, prescriptions involving 2385 prescribed drugs
were screened for IP.
3.5 Selection criteria
3.5.1 Inclusion criteria for patients
Elderly inpatients ≥ 65years old who were admitted to three departments at Al Shifa
Hospital:1-Internal medicine department.
2-Cardiology department
3-Respiratory department.
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3.5.2 Exclusion criteria for patients
Elderly inpatients who had unclear files.
Elderly inpatients whose files did not include medications sheet or any information about
the prescribed drugs.
The number of patients excluded were 25 patients.
3.5.3 Inclusion criteria for medications
All the prescribed drugs categories were included without any exclusion. Only drugs
administered on regular basis were recorded.
3.5.4 Exclusion criteria for medications
Drugs applied on an on-demand basis (as required) and drugs used once only were not
included.
3.6 Data collection methods
Chart review method was used for monitoring IP (Franklin et al., 2009). Data sheet was
designed for each patient and was numbered by the researcher (Appendix 3).

This sheet

included all information about the patient: sex, age, patient physical data (weight, Blood
pressure), patient laboratory data, allergy to drug, past medical history, diagnosis, regular drugs
(drug trade name, strength, drug generic name, directions, duration and date), analysis
[appropriate, inappropriate] and reasons for inappropriateness.

Data were collected

retrospectively over two consecutive months by the researcher. All information about the patient
was retrieved from patients files in the archives of the hospital and documented on the data sheet.
Medications sheet was used for prescribing and administering drugs at the hospital
(Appendix 4). The drugs were classified according to the British National Formulary (BNF)
2012. The date of prescribing was considered and was corresponded with that of laboratory data
and diagnosis. The information was taken once per patient. Every department was investigated
separately from the other departments.
3.7 Definitions of terms


Age was distributed into intervals; 65-69, 70-79, 80+ yrs.



Drug was defined regular if it was taken daily or at regular intervals.
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Polypharmacy was defined as concomitant use of five or more drugs (Frazier, 2005;
Fulton & Allen, 2005).

3.8 Criteria for assessment of IP
Different criteria were used to assess IP in this study. These criteria were Beers' criteria 2012,
DDIs, drug contra-indications and duplicate therapy.
3.8.1 Beers' criteria for potentially inappropriate medication use in older adults
(Appendix 6):The 2012 American Geriatric Society (AGS) Beers' Criteria was used in this study. These
criteria identify and group drugs that may be inappropriate for older adults into three different
categories:The first category includes drugs that are potentially inappropriate for older people because
they either pose high risks of adverse effects or appear to have limited effectiveness in older
patients, and because there are alternatives to these drugs.
The second category includes drugs that are potentially inappropriate for older people who
have certain diseases or disorders because these drugs may exacerbate the specified health
problems.
The third category includes drugs to be used with caution in older adults, while these drugs
may be associated with more risks than benefits in general, they may be the best choice for a
particular individual if they administered with caution (Marcum & Hanlon, 2012).
3.8.2 Drug-drug interactions (DDIs)
An interaction is said to occur when the effects of one drug are changed by the presence of
another drug (Baxter, 2008).
All potential (DDIs) were determined and classified according to severity (significant-monitor
closely, serious-use alternative, contraindicated) (American Society of Health system
Pharmacists [ASHP], 2009).
Significant DDIs refer to interactions that likely require monitoring by the doctor
(ASHP, 2009).
Serious DDIs refer to interactions that require regular monitoring by the doctor or alternate
medications may be needed (ASHP, 2009).
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Contraindicated DDIs refer to the combination of drugs that should never be used because of
high risk for dangerous interactions (ASHP, 2009). Clinical data were used to identify the
most significant DDIs.
3.8.3 Contra-indications (CI)
A condition which makes a particular treatment or procedure potentially inadvisable
(ASHP, 2009). In our study, this includes drug-disease interactions and allergy to drugs.
3.8.4 Duplicate therapy
Therapeutic

duplication

is

defined

as:

"two

or

more

drugs

in

the

same

therapeutic class prescribed to the patient and resulting in unnecessary therapeutic
duplication" (Bobb et al., 2004).
Data for monitoring inappropriate prescribing in elderly were taken from the
following drug references:
-2012 AGS Beers' Criteria for IP in older adults (AGS, 2012).
-Stockley's Drug Interactions (7th edition).

By Stockley I. H .(2005). London. The

pharmaceutical press. This reference was used as a source for information about DDIs.
-AHFS drug information.

American Society of Health System Pharmacists; 2009.

Drug

monographs from this reference were checked through Medscape pharmacists website:
http://www.medscape.com/pharmacists. This reference was used as a source for information
about CI, DDIs and duplicate therapy.
-BNF adults(63). By: The Royal Pharmaceutical Society; 2012. This reference was used
mainly as a source for information about CI, and DDIs.
3.9 Piloting
A pilot study was conducted for 20 patients prior the commencement of the main study. This
was to test the practicability and feasibility of the methodology, and to make any modifications
on the data sheet to make it easier for the researcher to record all the required data.
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3.10 Outcome measures
The outcome measures in the present study were:
 The prevalence rates of overall IP, IP according to Beers' criteria, DDIs and drug-disease
interactions
 Overall IP rate and the rates of drugs involved in IP according to Beers' criteria, DDIs and
CI (drug-disease interactions).
 The percentages of different types of IP. These include the rates of IP according to Beers'
criteria, DDIs, and drug disease interactions.
 The percentages of different types of DDIs. These include the rates of CI, serious and
significant DDIs.
3.11 Methods for determination of IP rate:
The rate of IP was determined by two methods.
Method 1
The percentage of at least one patient with IP (the prevalence). And this was determined as:
The number of patients with at least one IP divided by the total number of patients multiplied
by 100. This method was used to calculate the:
-The prevalence of patients with at least one IP.
-The prevalence of patients with at least one IP according to Beers' Criteria.
-The prevalence of patients with at least one DDI.
-The prevalence of patients with at least one CI (drug-disease interaction).
Method 2
The rate of IP as the number of inappropriate drug orders per (100) drug order. This was
determined as: The number of inappropriate drug orders divided by the total number of ordered
drugs multiplied by 100.
This method was used to calculate the rates of drugs involved in overall IP, IP according to
Beers' criteria, DDIs and CI (drug-disease interactions).
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3.12 Data entry and analysis
3.12.1 Data entry
The following steps were used in data entry:


Giving a serial number for each data sheet in each department.



Coding variables.



Designing a data entry model using EXCEL software.



The variables of data from sheets were entered onto the computer by the researcher using
EXCEL software.



After that the data were entered to statistical package for social science version 15.0
(SPSS) program.

3.12.2 Data analysis


Numerical data were summarized using means and standard deviations.



Categorical data were summarized as frequencies and percentages.



All P-values were obtained from two tests (Chi-square and T-test). The results were
considered to be statistically significant if P-values ≤ 0.05. EXCEL software and SPSS
version 15.0 were used to analyze data.



T-test was used to:
-Compare mean age between men and women.
-Compare mean number of diseases between men and women.
-Compare mean number of prescribed drugs per patient between men and women.



Chi-square test was used to:
-Study the differences between men and women in the different departments, in the different
degrees of morbidity and in patients on polypharmacy and those not.
-Study the differences between men and women in the percentages of patients in each
category of drugs prescribed.
-To compare the prevalence of IP among different age groups.
-To compare the prevalence of IP in patients prescribed < 5 drugs to patients prescribe 5 or
more drugs.
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-To compare the prevalence of IP among patients with different degrees of morbidity.
-To compare the prevalence of IP among different departments.
-To compare the prevalence of IP in men to that in women.
3.13 Ethical consideration and procedures
The researcher is committed to all ethical considerations required to conduct research. First,
ethical approval was obtained from Faculty of Pharmacy, Al-Azhar University to carry out the
study.
Second, an approval letter from Faculty of Pharmacy (Appendix 1) was sent to the director of
general directorate for human research in the Ministry of Health who approved to conduct the
research (Appendix 2).
3.14 Study limitations
1-The study was time consuming.
2-The study was not funded by any institution. The researcher had to complete the study from her
own resources.
3-Absence of computerized information system in the hospital, which prolonged the period of data
extraction.
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Chapter 4
Results
This chapter presents the findings of the present study. Presentation of the results is done
according to study objectives. First, the principle characteristics of the patients and prescribed
drugs are displayed. This is followed by the results of thorough investigation of IP.
This includes the prevalence and the rate of overall IP, DDIs, IP according to Beers' criteria and
drug-disease interactions in the elderly inpatients at Al Shifa hospital. Examples of the different
types of IP as well as different types of DDIs are demonstrated in tables.
Finally, different variables associated with IP have been examined. These variables include age,
gender, polypharmacy, morbidity and department.
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4.1 Principle characteristics of the study population
4.1.1 Patients' characteristics
A total of 380 elderly inpatients' medical files were screened for IP. The characteristics of these
patients are shown in table (4.1). Women composed (53.4%) while men composed (46.6%)
of the study sample. The mean age of the patients was 72.9±6.6 yrs, (72.8±6.4yrs in women),
(73±6.7yrs in men). Patients' age was categorized into three groups; (65-69 yrs), (70-79 yrs) and
(80 and over yrs). Patients of the age interval 70-79 years constitutes the largest proportion
(44.7%) (Figure 4.1). There were more women than men in all age categories (Figure 4.2).
The study was conducted in three departments (cardiology department, respiratory department
and internal department). The internal department had the highest number of patients 191
(50.3%). The mean number of diseases was 2.8±1.3 and most patients (59.2%) had ≥ 3 diseases.
Moreover, the mean number of prescribed drugs was 6.3 ± 2.5. Most patients (76.6%) were
prescribed 5 or more drugs, with the cardiovascular drugs prescribed most commonly (in 79.7%)
of patients. Prescriptions of gastro-intestinal and infection drugs were also common (in 63.7%
and 59.7% of patients), respectively. There were no statistically significant differences between
men and women regarding their characteristics (Table 4.1).
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Table 4.1 Principle characteristics of the patients
Men
(n=177)
73±6.7

Women
(n=203)
72.8±6.4

P-valuea

Mean age in years (SD)

Total
(n=380)
72.9±6.6

Department: n (%)d
Cardiology
Respiratory
Internal

101 (26.6)
88 (23.1)
191 (50.3)

53 (29.9)
38 (21.5)
86 (48.6)

48 (23.7)
50 (24.6)
105 (51.7)

0.367c

Diseases:
Mean (SD)

2.8±1.3

2.7±1.3

2.9±1.3

0.125b

Patients' having n (%)d
1 disease
2 diseases
≥3 diseases

61 (16.1)
94 (24.7)
225 (59.2)

36 (20.3)
41 (23.2)
100 (56.5)

25 (12.3)
53 (26.1)
125 (61.6)

0.104c

Prescribed drugs:
Mean (SD)

6.3 ± 2.5

6.03±2.5

6.49±2.5

0.073b

291(76.6)
89 (23.4)

130 (73.5)
47 (26.6)

161 (79.3)
42 (20.7)

0.178c

242 (63.7)
100 (26.3)
303 (79.7)
66 (17.4)
186 (49)
227 (59.7)
39 (10.3)

113 (63.8)
47 (26.6)
135 (76.3)
33 (18.6)
78 (44.1)
100 (56.5)
22 (12.4)

129 (63.6)
53 (26.1)
168 (82.8)
33 (16.3)
108 (53.2)
127 (62.6)
17 (8.4)

0.952 c
0.922 c
0.117 c
0.540 c
0.076 c
0.229 c
0.194 c

15 (4)

10

(5.7)

5

21 (5.5)

10

(5.7)

11 (5.4)

Characteristics

Patients prescribed n (%)d
≥ 5 drugs
< 5 drugs
Categories e:n (%)d
Gastrointestinal drugs
Respiratory drugs
Cardiovascular drugs
Central nervous system drugs
Endocrine drugs
Infection drugs
Nutrition and blood drugs
Musculoskeletal and joint
diseasesc
Miscellaneous drugsf

0.727b

(2.5)

n= number of patients
a
P-values ≤ 0.05 were considered significant. bT-test, cQui-square
d
n (%) percentages are given within parenthesis with the total number of patients as the
denominator.
e
Classification of drugs was done according to BNF (2012).
f
Miscellaneous drugs include urinary tract, malignant diseases and immunosuppressant,
oropharynx and skin drugs.
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44.7%

160
36.6%

140
120
100
80

18.7%

60
40
20
0
65-69 yrs

70-79 yrs

80 and over yrs

Figure 4.1 Distribution of patients by age groups. The 380 elderly patients were categorized
into three age groups; 65-69, 70-79 years and 80 and over years.

100
90

46.9%
37.9%

80
70

42.9%

35%

60
Men

50
19.2%

40

Women

18.1%

30
20
10
0
65-69 yrs

70-79 yrs

80 and over yrs

Figure 4.2 Distribution of patients by gender and age category. A total of 380 elderly
inpatients were included in the study. Patients in all age categories were classified into men and
women.
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4.1.2 Prescribed drugs characteristics
The total number of drugs prescribed to the 380 patients was 2385. Internal department had the
highest number of prescribed drugs 1062 (44.5%), whereas the respiratory department had the
lowest 620 (26%) (Figure 4.3). With respect to drugs categories; the most frequent prescribed
drugs were cardiovascular drugs 1129 (47.3%), while the least frequent prescribed drugs were
musculoskeletal and joint diseases drugs 15 (0.6%) (Figure 4.4).

29.5%
44.5%
Cardiology
Respiratory
Internal

26%

Figure 4.3 Classification of drugs according to departments. Drugs prescribed in the
different departments are shown as % of the total number of prescribed drugs (n=2385). These
drugs were prescribed for the 380 elderly patients included in the study.
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2.5%

0.6%

1.1%
12.9%

15.8%

7.7%

9%

3.1%

47.3%

Gastrointestinal drugs

Respiratory drugs

Cardiovascular drugs

Central nervous system drugs

Endocrine drugs

Infection drugs

Nutrition and blood drugs

Musculoskeletal and joint diseases

Miscellaneous drugs

Figure 4.4 Classification of drugs according to therapeutic groups. Different classes of
prescribed drugs are shown as % of the total number of prescribed drugs (n=2385). These drugs
were prescribed for the 380 elderly patients included in the study. Classification of drugs was
done according to BNF (2012).
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4.2 Inappropriate prescribing:
4.2.1 Prevalence of IP:
One hundred and sixty eight patients (44.2%) were subjected to at least one IP in this study
(Figure 4.5). Table (4.2) presents the overall prevalence of IP, prevalence of DDIs, Beers'criteria
drugs and CI (drug-disease interactions) in the entire sample. The prevalence of DDIs was the
highest 126 (33.2%), whereas the prevalence of drug disease interactions was the lowest
4 (1.1%). No case was registered regarding allergy to drugs nor duplication of therapy.
4.2.2 Inappropriate prescribing rates
Four hundred and thirty drug orders of the 2385 studied orders (18%) had at least one IP in this
study (Figure 4.6). The study found that 369 (15.5%) and 80 (3.4%) of the drug orders involved
in DDIs and Beers'criteria, respectively. Whereas, CI (drug-disease interactions) were found in
4 (0.2%) of drug orders. Some drugs involved in more than one type of IP, for example
spironolactone 50 mg per day was ordered with digoxin 0.25 mg per day to a patient aged 80
years old who had hypertension (HTN), congestive heart failure (CHF), chronic atrial fibrillation
(A. F.). According to Beers' criteria, spironolactone is inappropriate in patients having CHF
when it is used at dose larger than 25mg/day.

In addition, it had DDIs with digoxin.

Furthermore digoxin in a dose > 0.125 in elderly is inappropriate also according to Beers'
criteria.

Table (4.3) shows the overall IP rate and the rates of drugs involved in DDIs,

Beers'criteria and drug-disease interactions in the studied sample.
4.2.3 Types of IP
A total of 323 IP instances were detected.

Drug-drug interactions (DDIs) constituted the

majority (74%), followed by IP according to Beers' criteria (24.8%). Only 4 IP (1.2%) were
related to CI (Figure 4.7). Some patients had more than one type of IP. Table (4.4) shows
examples of different types of IP.
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44.2%

Patients affected with IP
55.8%
Patients had appropriate
prescribing

Figure 4.5 Prevalence of inappropriate prescribing in elderly inpatients. Files of 380
patients were screened for IP according to Beers' criteria, DDIs, drug CI and duplicate therapy.
Table 4.2 Prevalence of IP in elderly inpatients (n=380).
Total number of patients experienced at least one IP n (%)a

168 (44.2%)

Number of patients experienced at least 1 DDI n (%)a

126 (33.2%)

Number of patients experienced at least 1 IP according to
Beers' criteria n (%) a

73 (19.2%)

Number of patients experienced at least 1 CI (Drug-disease
interactions) n (%)a

4 (1.1%)

n=number of patients.
(%) Percentages are given within parenthesis with the total number
of patients as the denominator.
a
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18%
Appropriate drug orders
Inappropriate drug
orders

82%

Figure 4.6 Contribution (%) of inappropriate prescribing to overall prescribing. Four
hundred and thirty drug orders of the 2385 studied orders (18%) had at least one IP. These
orders correspond to the 380 elderly inpatients evaluated for IP in this study.
Table 4.3 Inappropriate prescribing per 100 drug orders
Total number of drug orders

2385

Drug orders with at least one IP n (%) a

430 (18%)

Drug orders with DDI n (%) a

369 (15.5%)

Drug orders involved in Beers' criteria n (%) a

80 (3.4%)

Drug orders with CI (Drug-disease interactions) n (%) a

4 (0.2%)

n=number of drug orders.
a
(%) Percentages are given withen parenthesis with the total number
of drug orders as the denominator.
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CI (drug-disease
interactions)
1.2%
Beers'criteria
24.8%

DDIs
74%

Figure 4.7 Different types of IP. These types are shown as % of the total number of IP
(n=323), and were detected in 168 patients in the respiratory, cardiology and internal
departments.
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Table 4.4 Examples of different types of IP
Type of IP
DDIs

Beers' criteria

Examples of IP


Ciprofloxacin was ordered with aminophylline
intravenous (I.V.) injection to a patient aged 69 years old
who had DM Type 2; advanced idiopathic pulmonary
fibrosis (IPF) and chest infection. This interaction is
serious and alternative must be used. Concomitant use of
aminophylline and ciprofloxacin has decreased
aminophylline clearance and increased plasma levels and
symptoms of toxicity. In addition, ciprofloxacin increases
the level of aminophylline by affecting hepatic enzyme
CYP1A2 metabolism, and hepatic/intestinal enzyme
CYP3A4 metabolism (enzyme inhibition). Serious and
fatal reactions have included cardiac arrest, seizure, status
epilepticus, and respiratory failure. If concomitant use
can not be avoided, aminophylline levels must be
monitored and dosage must be adjusted as needed
(ASHP, 2009). Monitoring of aminophylline level is not
available in the hospital. However, cefuroxime and
levofloxacin can be safe alternative for ciprofloxacin
(Antoniou et al., 2011).



Bisoprolol was ordered with albuterol to a patient aged 65
years old who had HTN, DM Type 2, CHF, bronchitis
and urinary tract infection and here there is PD
antagonism. This interaction is significant and must be
monitored closely.
Bisoprolol increases and albuterol decreases serum
potassium. Effect of interaction is not clear, caution must
be used (ASHP, 2009).



Metoclopramide I.V. 10 mg twice daily for three days was
ordered to a patient aged 81 years old. This patient had
obstructive jaundice and multiple gall bladder stones. It is
inappropriate to elderly according to Beers' criteria. It can
cause extrapyramidal effects including tardive dyskinesia.
It was ordered 21times in our study (AGS, 2012).



Spironolactone 50 mg/day was ordered to a patient aged
70 years old who had HTN, chronic A. F., CHF, CKD and
chest infection. This drug is inappropriate according to
Beers' criteria. In heart failure, the risk of hyperkalemia is
higher in older adults if taking >25mg/day. It was ordered
19 times in our study (AGS, 2012).
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Table 4.4, continued:
Type of IP

Examples of IP

Beers' criteria



Amiodarone was ordered to a patient aged 71 years old.
This patient had DM Type 2, CHF and chronic A. F. It is
inappropriate to elderly according to Beers' criteria.
Amiodarone is associated with multiple toxicities,
including thyroid disease, pulmonary disorders, and QT
interval prolongation (AGS, 2012).

CI(drug-disease
interaction)



Spironolactone was ordered to a patient 70 years old had
HTN, Chronic A. F., CHF and CKD. Serum creatinine was
3.1mg/dl in this patient, and the patient had severe renal
impairment.
Spironolactone is CI in severe renal
impairment (ASHP, 2009), due to risk of hyperkalemia
(Chua et al., 2010). It is contraindicated in patients with
significant renal insufficiency (Serum creatinine ≥2.5mg/dl)
(Rich, 2003).



Metformin was ordered to a patient aged 71 years old who
had CHF, DM Type 2 and HTN. Patients with CHF have
an increased risk for lactic acidosis; the risk for lactic
acidosis increases with the patient‟s age (ASHP, 2009).
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4.3 Drug-drug interactions (DDIs)
The total instances of DDIs was 239 involving 49 different drugs and 98 different pairs of DDIs
(Appendix 5). This occurred in 126 (33.2%) patients. Table (4.5) shows the most common
prescribed drugs involved in DDIs. Digoxin and ciprofloxacin were the most frequent drugs
associated with DDIs, accounting for 43 (18%) and 41 (17.2%) of the total DDIs instances,
respectively. Glucocorticosteroids, atorvastatin and heparin were frequently associated with
DDIs as well.
Drug-drug interactions (DDIs) were classified according to severity. Any DDI with more than
one interaction was assessed based on the most serious one. Figure (4.8) shows that significant
DDIs constituted the majority (68.2%) of the detected DDIs, followed by serious DDIs (31%),
while only 2 (0.8%) instances of DDIs were contraindicated DDIs. Tables (4.6) and (4.7) list the
most common prescribed drugs involved in serious and significant DDIs, respectively.
Aminophylline was the most frequent drug involved in serious DDIs, accounting for 17 (23%)
of the total serious DDIs instances. Digoxin, however was the most frequent drug involved in
significant DDIs, accounting for 32 (19.6%) of the total significant DDIs instances. Table (4.8)
shows some examples of contraindicated, serious and significant DDIs.
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Table 4.5 The most common prescribed drugs involved in DDIs
Drug

Drug interaction instances involving the specified
drug n (%)a
Digoxin
43 (18%)
Ciprofloxacin
41 (17.2%)
Glucocorticosteroids
37 (15.5%)
Atorvastatin
35 (14.6%)
Heparin
33 (13.8%)
Aminophylline
21 (8.8%)
Omeprazole
19 (7.9%)
Spironolactone
19 (7.9%)
Aspirin
16 (6.7%)
Clarithromycin
15 (6.3%)
a
n=number of DDIs involving the specified drug. (%) percentages are given
within parenthesis with the total number of instances as a denominator (239).

Contraindication
0.8%
Serious
31%
Significant
68.2%

Figure 4.8 Classification of DDIs according to severity
Different classes of DDIs are shown as % of the total number of DDIs (n=239). These DDIs
were detected in 126 patients, classified as serious, significant and contraindicated. Serious
DDIs: refer to interactions that require regular monitoring by the doctor or alternate medications
may be needed. Significant DDIs: refer to interactions that likely require monitoring by the
doctor. Contraindcation DDIs: refer to the combination of drugs that they never be used because
of high risk for dangerous interactions.
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Table 4.6 The most common prescribed drugs involved in seriousa DDIs
Drug

Drug interaction instances involving the
specified drug n (%)b
Aminophylline
17 (23%)
Ciprofloxacin
15 (20.3%)
Clarithromycin
15 (20.3%)
Digoxin
11 (14.9%)
Glucocorticosteroid
9 (12.2%)
Ceftriaxone
8 (10.8%)
Heparin
8 (10.8%)
Warfarin
8 (10.8%)
Enoxaparin
7 (9.5%)
Omeprazole
7 (9.5%)
Azithromycin
6 (8.1%)
Carbamazepine
6 (8.1%)
a
Serious DDIs: refer to interactions that require regular monitoring by the
doctor or alternate medications may be needed (ASHP, 2009).
b
n=number of DDIs involving the specified drug. (%) percentages are given
within parenthesis with the total number of instances of serious DDIs as a
denominator (74).
Table 4.7 The most common prescribed drugs involved in significanta DDIs
Drug

Drug-drug interaction involved with the
specified drug n (%)b
Digoxin
32 (19.6%)
Atorvastatin
30 (18.4%)
Glucocorticosteroids
28 (17.2%)
Ciprofloxacin
26 (16%)
Heparin
25 (15.3%)
Spironolactone
19 (11.7%)
Aspirin
16 (9.8%)
Enalapril
14 (8.6%)
Furosemide
13 (8%)
Omeprazole
12 (7.4%)
Calcium carbonate
11 (6.8%)
a
Significant DDIs: refer to interactions that likely require monitoring by the
doctor (ASHP, 2009).
b
n=number of DDIs involving the specified drug. (%) percentages are given
within parenthesis with the total number of instances of significant DDIs as a
denominator (163).
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Table 4.8 Examples of DDIs from different categories
Category

Examples of DDIs

Contra-indicateda



Ceftriaxone I.V. was ordered with calcium gluconate
injection to a 65 year old patient with acute renal failure,
HTN and DM Type 2. In this combination, there is risk of
potentially fatal particulate precipitation in lungs and
kidneys. They must be separated by at least 48 hours. This
hold true for patients < 28 days, whereas in patients >28
days: Calcium may be given in sequence after ceftriaxone
once infusion line has been flushed, but not simultaneously
in the same bag or line (chemically incompatible) (ASHP,
2009).
In the present study the information about
administration was insufficient.

Seriousb



Omeprazole was ordered twice daily with clopidogrel 75mg
to a patient aged 86 years old with pneumonia, HTN and
A. F. Omeprazole decreases effects of clopidogrel by
affecting hepatic enzyme CYP2C19 metabolism. This
interaction is serious and alternative drugs must be used.
Clopidogrel efficacy may be reduced by drugs that inhibit
CYP2C19. Inhibition of platelet aggregation by clopidogrel
is entirely due to an active metabolite. Clopidogrel is
metabolized to this active metabolite in part by CYP2C19.
Pantoprazole should be used as alternative because it is the
PPI that is least likely to interact with clopidogrel (Lin et
al., 2011). Famotidin is another alternative that can be used
for patients who require acid-lowering therapy (Taha et al.,
2009).



Clarithromycin was ordered with atorvastatin 40 mg to a
patient aged 65 years with pneumonia, HTN and CHF.
Clarithromycin increases the level or effect of atorvastatin
by affecting hepatic/intestinal enzyme CYP3A4 metabolism
or by inhibiting P-glycoprotein multi drug resistance
(MDR1) efflux trasporter. This interaction is serious and
must be avoided.
Alternative drug must be used.
Atorvastatin dose must not exceed 20 mg/day.
Azithromycin appears to be safe to coadminister with
atorvastatin (Amsden et al., 2002).



Hydrocortisone was ordered with ciprofloxacin to a patient
aged 78 years with bronchial asthma and acute pneumonia.
Coadministration
of
quinolone
antibiotics
and
corticosteroids may increase risk of tendon rupture. This
interaction is significant and must be monitored closely.

Significantc
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Table 4.8, continued:
Category

Examples of DDIs

Significantc



Aspirin and heparin were ordered together to a patient aged
74 years old with A. F. and HTN. Aspirin enhances
anticoagulant effect of heparin. The need for simultaneous
use of low-dose aspirin and anticoagulant or antiplatelet
agents are common for patients with cardiovascular disease.
This interaction must be monitored closely (ASHP, 2009).
Activated Partial Thromboplastin Time (APTT) laboratory
test measures the intrinsic pathway of the clotting system
and is used for monitoring heparin (Eikelboom & Hirsh,
2006). The interaction was not monitored here.



Atorvastatin was ordered with digoxin 0.25 per day to a
patient aged 80 years with HTN, CHF, chronic A. F. and
CKD. Atorvastatin increases the level or effect of digoxin
by inhibiting P-glycoprotein (MDR1) efflux transporter.
Digoxin levels should be monitored. This was not done for
this patient.

a

Contraindicated DDIs refer to the combination of drugs that should never be used because
of high risk for dangerous interactions (ASHP, 2009).
b
Serious DDIs refer to interactions that require regular monitoring by the doctor or
alternate medications may be needed (ASHP, 2009).
c
Significant DDIs refer to interactions that likely require monitoring by the doctor (ASHP,
2009).
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4.4 Beers' criteria
The study identified a total of 80 instances of IP according to Beers' criteria (69 instances
independent of diagnosis and 11 instances must be used with caution in older adults).
Metoclopramide was the most frequent Beers' criteria drug prescribed, and it was prescribed on
21 occasions and accounted for 26.3% of the total instances of IP identified by Beers' criteria.
While glibenclamide was the least prescribed drug. It was prescribed only on one occasion and
accounted for 1.3% of the total instances of IP according to Beers' criteria. No instance was
registered regarding PIMs considering diagnosis. Tables (4.9) and (4.10) show the different
instances of IP according to Beers' criteria.
Table 4.9 The instances of potential IP identified by Beers’ criteria independent of
diagnosis
Drug
Metoclopramide
Spironolactone > 25mg/day
Amiodarone
Hyoscin-N-butyl bromide
Digoxin> 0.125mg/day
Quinidine sulphate
Chlorpheniramine maleate
Glibenclamide
Total
n=number of instances.
(%) percentages are given within parenthesis with
Beers' criteria instances as a denominator (80).

n (%)
21 (26.3)
19 (23.8)
10 (12.5)
9 (11.3)
4 (5)
3 (3.8)
2 (2.5)
1 (1.3)
69 (86.2)
the total number of

Table 4.10 The instances of potential IP identified by Beers’ criteria for drugs which must
be used with caution in older adults
Drug
n (%)
Aspirin
11 (13.8)
n=number of instances.
(%) percentages are given within parenthesis with the total number of
Beers' criteria instances as a denominator (80).
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4.5 Variables associated with the detected IP.
Significant differences were found in the prevalence of overall IP among different age groups
with the highest prevalence in those aged 80+ years old (54.9%) (P-value=0.024). About 51.5%
of patients on polypharmacy were subjected to IP compared to 20.2% of patients not in
polypharmacy (p-value<0.001). Significant differences were also found among different degrees
of morbidity based on the number of diseases at admission with the highest prevalence in those
having 3 or more diseases (52.9%) (P-value<0.001), and among different departments with the
highest prevalence in the respiratory department (53.4%) (P-value=0.018).

No significant

differences, however were found in the prevalence of overall IP between men and women
(P-value=0.958).
Further analysis of the different types of IP showed significant differences in the prevalence of
DDIs between patients on polypharmacy (40.9%) and those not (7.9%) (p-value<0.001), among
different degrees of morbidity with the highest prevalence in those having 3 or more diseases
(40.4%) (P-value=0.001), and among different departments with the highest prevalence in the
respiratory department (44.3%) (P-value=0.005).

However, no significant differences were

found in the prevalence of DDIs among different age groups (P-value=0.061) and between men
and women (P-value=0.306).
Significant differences were found in the prevalence of IP according to Beers' criteria among
different departments with the highest prevalence in the cardiology department (29.7%)
(P-value=0.007).

However, no significant differences were found in the prevalence of IP

according to Beers' criteria among different age groups (P-value=0.129), between patients on
polypharmacy and those not (P-value=0.061), among different degrees of morbidity
(P-value=0.058) and between men and women (P-value=0.434). Table (4.11), (4.12), (4.13),
(4.14), and (4.15) compare the prevalence of IP among different age groups, in patients
prescribed < 5drugs to patients prescribed 5 or more drugs (polypharmacy), among different
degrees of morbidity based on the number of diseases at admission, among different departments
and in men to that in women,.
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Table 4.11 Comparing the prevalence of IP among different age groups
Factor

Age group
65-69 yrs
N=139

70-79 yrs
N=170

80+ yrs
N=71

P-Value

Patients with at least
one IP a

66 (47.5)

63 (37.1)

39 (54.9)

0.024b

Patients experienced at
least 1 DDI a

42 (30.2)

52 (30.6)

32 (45.1)

0.061b

Patients experienced at
least 1 IP according to
Beers' criteria a

31 (22.3)

25 (14.7)

17 (23.9)

0.129b

Patients experienced at
least 1 CI (Drugdisease interaction) a

1 (0.7)

3 (1.8)

0 (0)

_

N= number of patients in each group.
a
percentages are given within parenthesis with the total number of patients in each age
group as the denominator.
b
Chi-square test was used for comparisons, P-values ≤ 0.05 were considered
significant.
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Table 4.12 Comparing the prevalence of IP in patients prescribed <5drugs to patients
prescribed 5 or more drugs.
< 5drugs
N=89

≥ 5drugs
N=291

P-Value

18 (20.2)

150 (51.5)

< 0.001b

Patients experienced at
least 1 DDI a

7 (7.9)

119 (40.9)

< 0.001b

Patients experienced at
least 1 IP according to
Beers' criteria a

11 (12.4)

62 (21.3)

0.061b

Patients experienced at
least 1 CI (Drug-disease
interaction) a

0 (0)

4 (1.4)

_

Factor
Patients with at least one
IP a

N= number of patients in each group.
a
percentage are given within parenthesis with the total number of patients in each
group as the denominator.
b
Chi-square test was used for comparisons, P-values ≤ 0.05 were considered
significant.
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Table 4.13 Comparing the prevalence of IP among patients with different degrees of
morbidity.
Factor

1disease

2 diseases

P-Value

N=94

3 or more
diseases
N=225

N=61
Patients with at least one IP a

19 (31.1)

30 (31.9)

119 (52.9)

< 0.001b

Number of patients
experienced at least 1 DDI a

13 (21.3)

22 (23.4)

91 (40.4)

0.001b

Number of patients
experienced at least 1 IP
according to Beers' criteria a

7 (11.5)

14 (14.9)

52 (23.1)

0.058b

Number of patients
experienced at least 1 CI
(Drug-disease interaction) a

1 (1.6)

0 (0)

3 (1.3)

_

N= number of patients in each group.
a
percentage are given within parenthesis with the total number of patients in each group
as the denominator.
b
Chi-square test was used for comparisons, P-values ≤ 0.05 were considered significant.
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Table 4.14 Comparing the prevalence of IP among different departments
Factor

Cardiology
N=101

Respiratory
N=88

Internal
N=191

P-Value

Patients with at
least one IP a

50 (49.5)

47 (53.4)

71 (37.2)

0.018b

Patients
experienced at
least 1 DDI a

38 (37.6)

39 (44.3)

30 (29.7)

12 (13.6)

49 (25.7)

31 (16.2)

0.005b

0.007b

Patients
experienced at
least 1 IP
according to
Beers' criteriaa
Patients
_
2 (2)
1 (1.1)
1 (0.5)
experienced at
least 1 CI (Drugdisease
interaction)
N= number of patients in each department.
a
percentage are given within parenthesis with the total number of patients in each
department as the denominator.
b
Chi-square test was used for comparisons, P-values ≤ 0.05 were considered
significant.
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Table 4.15 Comparing the prevalence of IP in men to that in women
Factor

Men
N=177
78 (44.1)

Women
N=203
90 (44.3)

P-Value

Number of patients
experienced at least
1 DDI a

54 (30.5)

72 (35.5)

0.306b

Patients experienced
at least 1 IP
according to Beers'
criteria a

37 (20.9)

36 (17.7)

0.434b

Patients experienced
at least 1 CI (Drugdisease interaction) a

1 (0.6)

3 (1.5)

_

Patients with at least
one IP a

0.958b

N= number of patients in each group.
a
percentages are given within parenthesis with the total number of patients in each
gender as the denominator.
b
Chi-square test was used for comparisons, P-values ≤ 0.05 were considered
significant.
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Chapter 5
Discussion
The present cross sectional study was conducted at Al Shifa Hospital in Gaza to evaluate IP in
the hospitalized elderly patients and to identify variables that may be associated with IP. Three
departments were investigated:- internal medicine department, cardiology department and
respiratory department. Inappropriate prescribing (IP) was assessed according to Beers' criteria,
DDIs, drug CI and duplicate therapy. High prevalence of IP was found especially for DDIs and
Beers' criteria. Through this chapter, the results of this study will be presented, explained and
compared to other studies investigated the same problem.
5.1 Scope and methodology of the present study
One way of regulating medication use in hospital settings is to perform periodic retrospective
cross-sectional studies. Such studies can provide information about current usage patterns, and
thus can help hospitals to maintain a higher standard of geriatric pharmaceutical management.
Previous retrospective cross-sectional studies done at hospitals have proven beneficial to overall
compliance and patient care (Cartwright, 2007). Liu and Christensen (2002) reported that all
of the studies assessed inappropriateness of drug use employed a cross-sectional or cohort
design.
A cross-sectional design was used in the present study. It was used widely in studies that
assessed IP in elderly. This method was used either retrospectively (Cartwright, 2007; Dosa et
al., 2013; Egger et al., 2006; Fialova et al., 2005) or prospectively (Fadare et al., 2013; Shah
et al., 2011). A retrospective approach was used in this study.
At present, few studies have investigated IP in the elderly using comprehensive criteria whether
in the hospital setting (Gallgher et al., 2011; Hanlon et al., 2004; Limpawattana et al., 2013;
Steinman et al., 2006), or in other settings (Rancourt et al., 2004; Ryan, O'Mahony,
Kennedy, Weedle & Byrne, 2009; Saab et al., 2006). A study by Gallagher et al. (2011)
conducted in six European hospitals among acutely ill hospitalized older people used STOPP and
Beers' criteria to detect PIMs, while START criteria were applied to detect PPOs.
Steinman et al. (2006) used a combination of Beers' criteria 2003 and MAI to assess IP in
elderly outpatients.

Numerous research studies have only employed the Beers' criteria to

evaluate PIMs prescribing in the inpatient setting (Cartwright, 2007; Egger et al., 2006;
Fleming et al., 2008; Laroche et al., 2006; Lee et al., 2013; Rothberg et al., 2008).
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This might have underestimated the extent of IP in elderly inpatients. Four criteria were used to
assess IP in the present study. They include Beers' criteria, DDIs, drug CI, and duplication of
therapy. To our knowledge, this is the first study in Palestine that thoroughly investigated IP
using comprehensive criteria for the detection of IP in the elderly patients in any medical care
setting. Only DDIs were studied among elderly in primary care setting in the Gaza strip
(Abed., 2011).
In the current study, clinical data were used beside prescription data to assess IP.

Ryan,

O'Mahony, Kennedy, Weedle & Byrne (2009) in a study conducted in a primary care used also
prescription data and clinical data, including medical histories, current diagnoses, current
medications and biochemical data to assess IP. Schuler et al. (2008) also used prescription data
and clinical data in elderly to assess the prevalence of polypharmacy and IP in elderly internalmedicine patients in one Austrian center and to define the impact of these and other identified
predictors on the occurrence of ADEs.
To increase the validity of DDIs criteria and to avoid overestimation of the results in the current
study, the most significant potential DDIs were identified. To do this, dugs monographs were
checked through computer website (ASHP, 2009) beside other references (Royal
pharmaceutical Society, 2012; Stockley, 2005).
Unlike some studies that included one group of medications (Ackroyed-Stolarz et al., 2009;
Hegeman et al., 2009; Prudent et al., 2008), the present study included all types of regular
medications without any exclusion.
5.2 Inappropriate prescribing
Different methods were used in the published studies to calculate IP. The prevalence of IP and
IP rate were the most important methods used (Bhavya & Torgal, 2014; Hanlon et al., 2004;
Jones & Bhandari, 2013; Klarin et al., 2005; Limpawattana et al., 2013; Liu et al., 2012;
Napolitano et al., 2013; Rancourt et al., 2004; Steinman et al., 2006).
The present study calculated both the prevalence of IP and IP rate (per 100 drug orders) in the
elderly inpatients. This was done to facilitate the comparison with other studies. One hundred
and sixty eight patients 44.2% were subjected to at least one IP in this study. In addition, 430
drug orders of the 2385 studies orders (18%) had at least one IP. These results indicate that IP
was common and significant at the time of the study among the hospitalized elderly patients at
Al Shifa Hospital.
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Liu et al. (2012) found that 36.2% of elderly inpatients had at least one PIM according to
STOPP criteria in a medical center in Taiwan. This was lower than what was found in the
present study. The STOPP criteria assess DDIs, drug disease interactions, drugs that adversely
affect older patients at risk of falls and duplicate drug class prescriptions. It lists only 65
instances of potentially IP, while the present study detected all the possible IP according to the
predefined criteria.
Klarin et al. (2005) found that the prevalence of IP among the very old was 18.6% in
a population-based study. It was lower than what was found in the present study. This may be
due to the less medications used by these patients, as the mean number of drugs per patient was
4.4. In the present study, it was 6.3±2.5.
Jones and Bhandari (2013) found that the rate of IP drugs was 13%. It was lower than what
was found in the current study (18%). This may be related to the population of the study who
were elderly inpatients with CKD. Drugs are often used with caution in those patients and thus
less IP may occur.
In contrary, Hanlon et al. (2004) reported that 91.9% of hospitalized frail elderly patients had
IP. This result was higher than what was found in the present study. The MAI was used to
assess IP.

It assesses ten elements of prescribing: indication, effectiveness, dose, correct

direction, practical direction, DDIs, drug-disease interactions, duplication, duration and cost.
However, the present study did not assess indication, effectiveness, dose, direction, duration and
cost. In addition, frail elderly inpatients often have poor health and thus they may require
regular prescribed drug therapy. In this study, they used both prescription and non prescription
drugs. This leads to higher IP among them. The current study involved both frail and fit elderly
inpatients.
Rancourt et al. (2004) reported that 54.7% of treated patients in long-term care had potential IP.
Most common potential IP were drug interactions, followed by inappropriate duration, PIM and
inappropriate dose. This rate was higher than what found in the present study. This can be
explained by using broader criteria. The present study neither assessed inappropriate duration
nor inappropriate dose. Moreover, patients in long-term care often have chronic illnesses or
disabilities, thus they often use many drugs. This results in higher potential IP.
Compared to the present study, Steinman et al. (2006) assessed IP in 196 elderly outpatients
taking 5 or more drugs using wider criteria. A combination of the Beers drugs-to-avoid criteria
2003 and the MAI were used. Underuse was assessed using the assessment of underutilization
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of medications instrument. Nevertheless, they recorded that 42% of the elderly patients in the
outpatient setting having IP. This result was nearly similar to the result in the present study.
Although the sample size was smaller, the wider criteria used permitted detecting more types of
IP. In addition, the patients taking 5 or more drugs are more susceptible to IP.
Prescribing should not be considered as a solitary activity undertaken by a physician in isolation.
Communication between specialists and pharmacists with the responsible prescriber is essential
for the most rational prescribing of medicines (Kaur et al., 2009). The pharmacist's role in
supporting and promoting the rational use of medications has been explored and well described
(Spinewine et al., 2012), and the pharmacist's interventions have been shown to positively affect
clinical health outcomes such as morbidity and ADEs (Gillespie et al., 2009; Scullin et al.,
2007). Pharmacists' roles in our hospitals are very limited and restricted somewhat to dispense
medications.

The pharmacists are not involved actively in the medication use process.

They don't attend physician rounds, revise medication orders, recheck dose calculations, nor do
they provide any drug information or educational services. Such factors might have contributed
to the high prevalence and rate of IP in the current study. In addition, we expect that variations
in healthcare providers training and experiences and medication knowledge deficiency may be
another contributors to IP in the present study.
5.3 Inappropriate prescribing according to Beers' criteria
The prevalence of IP according to Beers' criteria was 19.2%, contributing to 24.8% of overall IP
in the current study. This was lower than that reported by other studies conducted in hospitals
(Fadare et al., 2013; Gallagher, Barry et al., 2008; Momin et al., 2013; Napolitano et al.,
2013; Onder et al., 2005; Radosevic et al., 2008; Rothberg et al., 2008). The prevalence of IP
in those studies ranged from 25% to 49%.

Rothberg et al. (2008) found that 49% of

hospitalized elderly patients received at least one PIM, most commonly promethazine,
diphenhydramine and propoxyphene. The data were collected from 384 U. S. hospitals. These
hospitals represent all regions in the U. S. The result was higher than what was found in the
present study. This may be related to the large sample size which was 493,971 patients. The
larger sample size offered an instructive look at the prescribing patterns of the physicians.
Besides, their study used Beers' criteria 2003. A drug like propoxyphene (one of the most
commonly prescribed drugs in 8% of patients) was removed from Beers' criteria 2012 (AGS,
2012).
Onder et al. (2005) found that 28.6% of hospitalized older adults received one or more
inappropriate drugs. The result was higher than what was found in the present study. This can
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be due to larger and more representative sample size and to the use of Beers' criteria 2003.
The study included 5152 patients admitted to 81 hospitals in Italy between 1997 and 1998.
Radosevic et al. (2008) reported that 25% of elderly patients received PIMs, and the most
common PIMs were amiodarone and diazepam. The study was conducted at seven wards in
University hospital Rijeka and Beers' criteria 2003 was used to detect IP. This allowed more
detection of IP. Moreover, the number of hospitalized patients aged 65 or older was smaller than
in the present study as it included only 142 patients.
Beers' criteria 2003 have undergone a major reformation in 2012.

Some drugs like daily

fluoxetine, ferrous sulfate > 325mg/day and long term use of stimulant laxatives such as
bisacodyl and cascara sagrada, pseudoephedrine (for hypertension) (AGS, 2012), and others
which are no longer used in U. S. like propoxyphene (Rumore & Georgeta Vaidean, 2012)
have been omitted in the Beers 2012 criteria.

Others like some anti-arrhythmic drugs,

belladonna alkaloids, Glyburide, metoclopramide, spironolactone, and many more which are
being prescribed have been added to the Beers' criteria 2012. Few drugs to be prescribed with
caution in the elderly have also been added as a new category in the revised Beers' criteria
(Momin et al., 2013). Thus the prevalence rates of PIMs detected by Beers' criteria 2003 and
Beers' criteria 2012 may be different.
Similar to the current study, Momin et al. (2013) used Beers' criteria 2012 to assess IP in
hospitalized elderly patients. They found that 40% of the patients received at least one PIM.
The most commonly prescribed PIMs were mineral oil-liquid paraffin followed by
spironolactone, digoxin, and benzodiazepines. This result was higher than what was found in the
present study. A possible reason for that was the high number of drugs prescribed per patient.
The mean number of prescribed drug per patient was 9.52 ± 2.75, while in the present study, it
was 6.3±2.5. Napolitano et al. (2013) found that 31.1% of patients had at least one PIM
prescribing in hospitalized elderly patients. A sample of 605 individuals aged 65 years and older
admitted in non-academic public acute care hospitals was randomly selected from 18 medical
and 16 surgical wards. The Larger and more representative sample size offered a more accurate
results than in the present study.
Fadare et al. (2013) in a prospective cross-sectional study using only Beers' criteria 2012 found
that 25.5% of elderly patients had at least one PIM prescribed. The study was conducted in an
outpatient clinic in a Nigerian rural tertiary hospital. The prevalence of IP was higher than what
was found in the present study. This may be due to the methodology, as prospective studies give
more accurate results. In addition, the socioeconomic situation in the rural area in Nigeria may
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affect the availability of drugs and the patterns of prescribing among doctors in this area, and
thus may increase IP.
About 3.4% of drug orders involved in IP according to Beers' criteria in the current study.
This rate was also lower than what was found by Bhavya and Torgal (2014) who used
Beers' criteria 2012 to detect IP. Their study found that IP rate according to Beers' criteria was
6.7%. It was a cross-sectional study used clinical data and conducted in general medicine and
general surgery wards at a tertiary care hospital. The higher rate of IP can be explained by the
increased number of prescribed drug (7.5 drug per patient) or by chance due to the small sample
size (931 drugs prescribed for 132 patients).
The findings of the present study showed that the most prevalent PIMs ID were metoclopramide,
spironolactone, amiodarone, hyoscin-N-butyl bromide and digoxin. Metoclopramide can cause
extrapyramidal effects including tardive dyskinesia (AGS, 2012). The risk of hyperkalemia in
elderly patients affected by heart failure or have creatinine clearance < 30ml/minute is higher in
older adults if taking spironolactone > 25mg/day and it must be avoided in these patients
(AGS, 2012).

Amiodarone is an antiarrhythmic drug, its use is associated with multiple

toxicities, including thyroid disease, pulmonary disorders, and QT interval prolongation. It must
be avoided as first line treatment of A. F. (AGS, 2012). Regarding hyoscin-N-butyl bromide, it
is a drug which is highly anticholinergic and has uncertain effectiveness (AGS, 2012). The use
of drugs with anticolinergic effects in elderly patients has been associated with an increased risk
of delirium and cognitive decline (Lechevallier-Michel et al., 2005; Meagher, 2001). Digoxin
was used in a dose of 0.25 mg/day in elderly patients affected with heart failure. The use of
more than 0.125mg/day digoxin in elderly is associated with no additional benefit and may
increase the risk of toxicity. In addition, decreased renal clearance may lead to increased risk of
toxic effects (AGS, 2012).
The use of low dose aspirin for the primary prevention of cardiac events was also prevalent
among elderly aged ≥ 80 years old. It was listed in Beers' criteria for PIMs to be used in caution
in older adults ≥ 80 years old for the prevention of cardiac events. There are lack of evidence of
benefit versus risk in such patients (AGS, 2012).
exposure to PIMs and ADEs.

However, controversy exists regarding

Page and Ruscin (2006) demonstrated that, while 27.5%

of inpatients received a drug listed on the Beers' criteria and 32% did experience ADEs, only
9.2% of ADEs were attributed to Beers' criteria medications.
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5.4 Drug-drug interactions
Potential DDIs are the possible DDIs which may arise out of the given combination (Patel et al.,
2011). They do not necessarily occur in all patients (Heininger-Rothbucher et al., 2003).
Although it is likely that potential DDIs are common, only a few of these induce serious adverse
events and often only in predisposed patients (Hohl et al., 2001; McDonnell & Jacobs, 2002).
The current study investigated potential DDIs in elderly inpatients and found that 33.2% of the
patients were prescribed at least 1 potential DDIs. The majority of IP in the current study (74%)
was related to potential DDIs in patients prescribed two or more drugs that could interact and
produce either a decrease in their therapeutic efficacy or an increase in their risk of toxicity.
The prevalence of DDIs in the present study was relatively high, but it was lower than that
reported by other studies conducted among hospitalized elderly patients (Pasina et al., 2013;
Rahmawati et al., 2010; Rosas-Carrasco et al., 2011). This may be explained by several
methodological aspects, as well as specific aspects of the setting or the study itself.
Rahmawati et al. (2010) conducted their study in a private hospital at Yogyakarta in Indonesia
and found that 65% of patients had experienced potential DDIs. Drug-drug interactions (DDIs)
were classified into five categories (significance level one to five). All DDIs were determined,
while in the present study only the most significant DDIs were determined.
Pasina et al. (2013) held a prospective study in 70 Italian internal medicine and geriatric wards.
It involved 2712 elderly patients at hospital admission and 2314 patients at discharge. Around
60.5% inpatients were exposed to at least one potential DDI, whereas 69.1% of patients were
exposed to at least one potential DDI at discharge. The higher prevalence of DDIs may be
attributed to the larger and the more representative sample size.
The study by Rosas-Carrasco et al. (2011) reported that 62.77% of the 505 elderly patients
admitted to the internal medicine service in second-level care hospital presented at least one type
of DDI. The mean age for the patients was 76.0 ± 8.8. It was higher than the mean age in the
present study 72.9 ± 6.6. Patients with increased age often have more diseases and take more
medications. This may increase the days of hospital stay and thus may increase the number of
DDIs.
Most studies which used computerized detection programs found that potential DDIs are
common (Bjorkman et al., 2002; Dergal et al., 2002; Rahmawati et al., 2010; RosasCarrasco et al., 2011).

However, these databases are not geriatric-specific, and, more

importantly, they overestimate the true clinical significance (Mallet, 2007). In fact, clinically
significant DDIs are much less frequent (Hanlon et al., 2004). It is therefore necessary to
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increase the validity of DDIs criteria by focusing on drug interactions with sufficient clinical
significance (Hanlon & Schmader, 2005). In the present study, this was done by considering
clinical information of the patient and by using three references for the detection of DDIs
(ASHP, 2009; Royal pharmaceutical Society, 2012; Stockley, 2005). This permitted a more
accurate analysis, and resulted in a lower prevalence of DDIs. In contrast to Juurlink et al.
(2003), the present study did not examine the clinical outcomes of the potential DDIs.
In the present study, one hundred and sixty three of the 239 potential DDIs (68.2%) were
significant and 74 (31%) were serious.

Only 2 (0.8%) were CI drug interactions.

Lea et al. (2013) detected a total of 245 DDIs in 80 (63.5%) of the 126 elderly patients on
admission and/or during hospitalization. These DDIs were classified according to severity, of
major (generally avoid) (n=13) or moderate (precautions recommended) (n= 232).
Rahmawati et al. (2010) detected 204 DDIs incidences, 25 (12.3%) were considered of
significance level 1 (when interaction categories are divided into potentially severe or
life-threatening interaction) and 39 (19.1%) of significance level 2 (Drug drug interaction can
cause deterioration in a patient's clinical status). The classification of DDIs in these studies was
different to that in the present study, so the results were difficult to compare.
The potential DDIs are common in the elderly patients during hospitalization. Health care professionals
should be aware of this problem especially in patients on drugs with a narrow therapeutic index, drugs
metabolized by enzymes susceptible to induction or inhibition, and those on multiple-drug therapy for
chronic diseases (Rahmawati et al., 2010). Results from meta analysis showed that elderly patients usually
do better when their care is managed by a multidisciplinary team consisting of a physician (geriatrician),
nurse, and pharmacist. Communication between these professionals is crucial for success. By combining
their knowledge and skills, a comprehensive plan can be developed to enable best pharmacotherapy while
the risks of drug interactions are reduced (Spinewine et al., 2007).
Digoxin and ciprofloxacine were the most frequent drugs associated with DDIs.
Glucocorticosteroid, atorvastatin and heparin were frequently associated with DDIs as well.
Considering severity, aminophylline was the most common drug involved in serious DDIs, while
digoxin and atorvastatin were the most frequent drugs involved in significant DDIs.
Aminophylline which consists of a complex of theophylline and ethylene diamine in a ratio 2:1
(Parfitt, 1999) was the most common drug involved in serious DDIs in this study. The most
common example of DDIs was ordering aminophylline I. V. with ciprofloxacin. It was ordered
14 times. Therapeutic serum concentration of aminophylline has a range between 5-20 mcg/ml
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(McAuley, 2014). Concomitant use of ciprofloxacin has decreased aminophylline clearance and
increased plasma levels and symptoms of toxicity. Ciprofloxacin inhibits the hepatic enzyme
CYP1A2 metabolism, and hepatic/intestinal enzyme CYP3A4 metabolism. Serious and fatal
reactions have included cardiac arrest, seizure, status epilepticus, and respiratory failure.
This interaction is serious and alternative must be used. If concomitant use cannot be avoided,
aminophylline level must be monitored and dosage must be adjusted as needed (ASHP, 2009).
Antoniou et al. (2011) concluded that treatment with ciprofloxacin in elderly was associated
with a significant increase in the risk of theophylline toxicity and recommended cefuroxime and
levofloxacine as safe alternatives. In the present study, monitoring of aminophylline level in
blood was not available in the hospital. A study in Gaza found that this interaction was also
prevalent in primary health care setting (Abed, 2011). This indicates that doctors whether in
primary or secondary settings were not aware of the danger of this interaction.
Another common example of serious DDIs was ordering omeprazole with clopidogrel. It was
ordered 4 times in the current study.

Omeprazole decreases the effect of clopidogrel by

inhibiting the hepatic enzyme CYP2C19 metabolism, and thus decreasing the formation of the
active

antiplatelet

metabolite

(Allen

&

Mclean-Versey,

2009;

ASHP,

2009).

Kashyap et al. (2013) found that the second top most interacting drug combination was
clopidogrel and PPIs in elderly inpatients and advised for the use of alternatives to omeprazole.
Pantoprazole can be used because it is the PPI that is least likely to interact with clopidogrel
(Lin et al., 2011). Famotidine is another alternative that can be used for patients who require
acid-lowering therapy (Taha et al., 2009).
In the present study, clarithromycin was involved in a 15 pairs of serious DDIs.

It is

a p-glycoprotein inhibitor (Hughes & Crowe, 2010) and CYP3A4 inhibitor (Akiyoshi et al.,
2013). One example of these serious interactions was using it with atorvastatin which may result
in increasing the level or effects of atorvastatin (ASHP, 2009), notably rhabdomyolysis. This
interaction is serious and must be avoided by using alternative antibiotic or reducing atorvastatin
dose (ASHP, 2009; Omar & Wilson, 2002). Amsden et al. (2002) recommended the use of
azithromycin instead of clarithromycin. The ASHP (2009) recommends that atorvastatin dose
must not exceed 20 mg/day when coadministered with clarithromycin, but in the current study,
40 mg daily were prescribed for two patients.
In the current study, many significant DDIs were observed. One common pair of interaction was
aspirin and heparin. It was found in 16 patients. Aspirin enhance anticoagulant effect of heparin
(ASHP, 2009).

The need for simultaneous use of low-dose aspirin and anticoagulant or
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antiplatelet agents are common for patients with cardiovascular disease. This interaction must be
monitored closely (ASHP, 2009). Activated Partial Thromboplastin Time (aPTT) laboratory test
measures the intrinsic pathway of the clotting system and is used for monitoring heparin
(Eikelboom & Hirsh, 2006). In the present study, the aPTT was not monitored. Kashyap et al.
(2013) found that the top most interacting drugs in elderly inpatients were aspirin and
anticoagulants.

In addition, bleeding was the commonest clinical consequence.

Another

common pair of interaction was hydrocortisone and ciprofloxacin. It was found in 12 patients.
Coadministration of quinolone antibiotics and corticosteroids may increase risk of tendon
rupture. This interaction must be monitored closely (ASHP, 2009). Hall et al. (2011) reported
that increasing age and systemic use of corticosteroids with fluroquinolone increased the risk of
tendon rupture.
Digoxin is a drug with a narrow therapeutic index. In the current study, it was involved in 43
DDIs. Thirty two pairs of these interactions were significant. One example was using it with
atorvastatin. Digoxin is known to undergo intestinal secretion mediated by P-glycoprotein.
Atorvastatin increases the level or effect of digoxin by inhibiting p-glycoprotein (MDR1) efflux
transporter. This interaction is significant and must be monitored closely (ASHP, 2009; Boyed
et al., 2000). Again, digoxin levels in this study were not monitored.
Concerning CI drug combination, one pair of interaction was identified in the present study.
Ceftriaxone I.V. was ordered twice with calcium gluconate injection. In this combination there
is a risk of potentially fatal particulate precipitation in lungs and kidneys. Calcium should be
given in sequence after ceftriaxone once infusion line has been flushed, but not simultaneously in
the same bag or line (chemically incompatible) (ASHP, 2009). In our study the information
about administration was insufficient. Nakai et al. (2010) also found that ceftriaxone should not
be co-administered with calcium-containing products even if no precipitation is observed
visually. There will still be insoluble microparticles caused by incompatibility in the sample
solution.
In order to predict the possible consequences of the administration of two or more drugs, it is essential that
the health professional has a practical knowledge of the pharmacological mechanism involved in drug
interactions, an awareness of the drugs associated with great risk, and the most susceptible patient group
(Lee & Stockly, 2001). If pharmacists are careful to check the dispensed drugs and have a good
relationship with the prescriber, they may help to counteract this issue, protecting patient safety
and increasing physician's awareness (Tragni et al., 2013).
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5.5 Drug contraindication
5.5.1 Drug-disease interactions
Few studies had addressed drug-disease interactions in hospitalized elderly patients using
different methods and criteria (Gallagher & O'Mahony, 2008; Lindblad, Artz et al., 2005;
Liu et al., 2012). In addition, this problem was studied in outpatient settings (Lindblad et al.,
2006; Saab et al., 2006; Zhan et al., 2005). The prevalence of drug-disease interactions in the
current study was 1.1%. This rate is very low, and do not go with the prevalence rates found in
other studies. Lindblad et al. (2006) found that the prevalence of drug-disease interactions was
15.3%. Their study was conducted in an outpatient setting. The larger sample size which
included 1340 elderly outpatients may allow for more accurate estimation of the results.
Saab et al. (2006) also conducted a study in the outpatient setting and found that 10.1% of
elderly Lebanese outpatients selected from ten different community pharmacies had drug-disease
interactions. In the outpatient setting, elderly patients often visit many doctors and they may use
prescription and non prescription drugs, this can expose them to more drug-disease interactions.
In addition, the patients during hospitalization may have more care than in the outpatient setting.
This may result in lower prevalence of drug-disease interactions. Lindblad, Artz et al. (2005)
found that about 40.1% of elderly patients had at least one potential drug-disease interaction.
The study was conducted among frail elderly hospitalized patients at 11 veterans affairs medical
centers. The higher prevalence of drug-disease interaction may be related to health status in frail
patients, as they often have multiple diseases and take many drugs and this can increase
drug-disease interactions.
Spironolactone was ordered to a patient 70 years old had HTN, Chronic A. F., CHF and CKD.
Serum creatinine was 3.1mg/dl in this patient, and the patient had severe renal impairment.
Spironolactone is contraindicated in severe renal impairment (ASHP, 2009), due to risk of
hyperkalemia (Chua et al., 2010).

It must be avoided in severe renal impairment

(Rich, 2003; Royal pharmaceutical Society, 2012).
Metformin was frequently involved in drug-disease interactions in the current study.
An example was ordering it in a patient with CHF. Doubova et al. (2007) also reported 6
patients

had

drug-disease

interactions

who

were

taken

metformin

in

CHF.

However, Tahrani et al. (2007) concluded that treatment with metformin is not absolutely
contraindicated in patients who have isolated heart failure, and it may be beneficial. Moreover,
the risk of lactic acidosis due to metformin is negligible in these patients and is unrelated to the
84

plasma concentration of metformin. The presence of other organ failure, such as renal failure, in
addition to heart failure might still pose a risk of lactic acidosis. The decision to stop or continue
metformin in the presence of heart failure should be individualized to the particular patient until
further evidence is available.
5.5.2 Drug Allergy
The true incidence of drug allergy is not known.

The majority of currently available

epidemiologic studies estimated ADRs rather than drug allergy specifically (Demoly et al.,
2007).
In the present study no patient had results concerning allergy to drugs. This may be explained by
lacking of checking for allergy by the doctors, inadequate knowledge about drug allergy and
finally unreported information from the patients about drug allergy.
5.6 Duplication of therapy
Many

studies

addressed

prescribing

duplication

of

therapy

in

different

settings

(Cahir et al., 2010; Saab et al., 2006). In the current study, there was no duplication of therapy.
In contrast, Cahir et al. (2010) found that 17676 (5%) of elderly people were prescribed
duplicate drugs. The study was retrospective national population study (n= 338 801) using the
Health Service Executive Primary Care Reimbursement Service pharmacy claims database. The
larger sample size permitted better evaluation of duplication of therapy. Saab et al. (2006)
found that 12 (4.3%) of elderly outpatients had duplicate drug therapy. The study was conducted
among elderly Lebanese outpatients selected from ten different community pharmacies.
The sample size was 350 elderly patient. Patients in outpatient setting often take over the
counter medications and may consult many doctors.

This may increase the problem of

duplication of therapy.
5.7 Variables associated with IP.
The current study has investigated different variables associated with IP. This includes age,
gender, polypharmacy, morbidity and departments. Significant differences were found in the
prevalence of overall IP among different age groups (p-value=0.024), between patients on
polypharmacy and those not (p-value<0.001), among different degrees of morbidity based on the
number of diseases at admission (P-value<0.001) and among different departments
(P-value=0.018). Gender, however, did not affect IP and prescribing problems were the same in
both men and women. This is in contrast to other studies that have demonstrated that women
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appear to be at higher risk of IP than men (Cahir et al., 2010; Fialova et al., 2005; Goulding,
2004; Simon, Andrade et al., 2005; Zhan et al., 2001).
The highest prevalence of overall IP was among those aged 80+ years old (54.9%)
(P-value=0.024). This may indicate that in this age group the patients suffer severe health
conditions that make prescribing a difficult task to physicians. Similarly, Cahir et al. (2010)
found that the overall potential IP was more likely in those aged ≥75 years compared with those
aged 70-74 years old.
Significant differences were found also in the prevalence of DDIs between patients on
polypharmacy and those not (p-value<0.001), among different degrees of morbidity based on the
number of diseases at admission (P-value=0.001), and among different departments
(P-value=0.005). However, no significant differences were found in the prevalence of DDIs
between men and women (P-value=0.306) or among different age groups (P-value=0.061).
In the present study, the highest prevalence rates of overall IP (51.5%) (P-value <0.001) and
DDIs (40.9%) (P-value <0.001) were among those on polypharmacy. In addition, the prevalence
rates of overall IP (52.9%) (P-value <0.001) and DDIs (40.4%) (P-value=0.001) were highest
among patients having 3 or more diseases. Confirming to the results of the current study,
Rahmawati et al. (2010) found that the number of potential DDIs in elderly hospitalized patients tend to
increase as the number of medications used per day increased. In addition, Hanlon et al. (2004) found
that Inappropriate drug prescribing was common for frail elderly veteran inpatients and was
related to polypharmacy and specific health status characteristics. Similarily, Cahir et al. (2010)
found that polypharmacy was shown to be strongly associated with potential IP. Furthermore,
Steinman et al. (2006) found that the number of medications was strongly associated with the
frequency of inappropriate medication use. Moreover, Vishwas et al. (2012) demonstrated that
multiple diseases and a higher use of drugs during the hospital stay predicted potential IP.
Concerning departments, the lowest prevalence of overall IP (37.2%) and DDIs (25.7%) was in
the

internal

department,

while

the

highest

was

in

the

respiratory

department

(53.4%, P-value=0.018 for overall IP) and (44.3%, P-value=0.005 for DDIs). Some drugs that
are widely used in the respiratory department like aminopylline might have caused such
differences. There were no interest in investigation of aminophylline level in blood, and the
laboratory tests were not found in the hospital. While the low rates in internal departments
indicate that internists provide higher quality inpatient care.
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Significant differences were found in the prevalence of IP according to Beers' criteria among
different

departments

with

(29.7%) (P-value=0.007).

the

highest

prevalence

in

the

cardiology

department

This may be due to the lack of the knowledge of cardiologists

regarding Beers' criteria drugs and their consequences in the elderly. In addition, many drugs
which is listed in Beers' criteria have cardiologic applications. For example, spironolactone,
amiodarone, digoxin, and quinidine sulphate.
No significant differences were found in the prevalence of IP according to Beers' criteria among
different age groups (P-value=0.129), between patients on polypharmacy and those not
(P-value=0.061), among different degrees of morbidity based on the number of diseases at
admission (P-value=0.058) and between men and women (P-value=0.434). These results are not
consistent with the results by Rothberg et al. (2008) when they found that hospitalized elderly
women were slightly more likely to receive PIMs according to Beers' criteria.
In addition, increasing age was strongly associated with decreased PIMs use, suggesting that in
the hospital, at least, doctors take care to avoid prescribing certain drugs to the frail elderly.
Napolitano et al. (2013) found that patients who had a significantly higher rate of IP according
to Beers' criteria were those in surgical wards, and those received a higher number of drugs
during hospitalization.

Surgical department was not examined in the current study, so

comparison could not be performed.
In contrast to the current study, Liu and Christensen (2002) found that the most significant
patient related predictors of IP according to Beers' criteria include polypharmacy, poor health
status, and female sex. However, Harugeri et al. (2010) demonstrated that although increased
number of medications use may point to the likelihood of exposure to PIMs according to Beers'
criteria, it may not necessarily reflect the irrational use of medicines as in a few patients it may
be appropriate to use more number of medications.
5.8 Limitations of the study
When interpreting the findings of the current study, it is worth mentioning some limitations that
could bias estimates. Some data were deficient due to poor documentation and file keeping in
the hospital. Regarding prescribing PIMs, the present study did not address the consequences of
such prescribing (clinical outcome). The Beers' criteria are a useful tool for evaluating drug
prescriptions in elderly patients with the intention to improve prescribing. Even if the drugs in
the Beers' list may be considered as inappropriate, they are not CI per se, and their benefit-to-risk
ratio must be assessed in the context of the individual patient's clinical condition (Crownover &
Unwine, 2005; Swagerty & Brickley, 2005). On the other hand, the Beers' criteria do not
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propose an alternative therapy with a better tolerability and/or outcome than the drugs listed as
inappropriate (Crownover & Unwine, 2005).
Another limitation in the present study is that other IP conditions were not investigated, namely
indication, effectiveness, dose, directions, drug-food interactions, duration, underuse of effective
agents and cost. Finally, this study was done only in three departments at Al Shifa hospital, and
was restricted to one hospital in the Gaza Strip; therefore the results can not be generalizable to
all elderly inpatients in Palestine.

88

Chapter 6
Conclusion and Recommendations
Little is known about IP in elderly in Palestine. The present study highlighted the problem of IP
among the hospitalized elderly patients at Al Shifa Hospital in Gaza-Palestine. Using four
criteria to detect IP; the overall IP was found to be common, but it was not far higher than that
reported worldwide.

Clinical data were used beside prescription data to assess IP.

The variations in healthcare providers training and experiences, medication knowledge
deficiency and the absence of pharmacists involvement in patients care might have contributed to
the high prevalence of IP in the present study.
Beers' criteria drugs were prevalent and they were frequently prescribed by the doctors
at Al Shifa hospital. In addition, the prevalence of potential DDIs was high. The majority of IP
in the current study was related to potential DDIs. Significant DDIs were the most frequent,
followed by serious DDIs. In contrast, very low prevalence of drug-disease interactions was
observed. Moreover, no duplication of therapy was found.
No patient had results concerning allergy to drugs. This may be explained by lack of checking
for allergies by the doctors, inadequate knowledge about drug allergy and unreported
information from the patients about drug allergy.
Patients' characteristics and prescriber's characteristics may influence the occurrence of IP and
the prevalence of DDIs. The prevalence of overall IP in the current study was influenced by age,
polypharmacy, morbidity and departments. Whereas, the prevalence of DDIs was influenced by
polypharmacy, morbidity and departments.

It was observed that internists provided

higher-quality inpatient care. Lack of the monitoring of aminophylline levels in blood in the
respiratory department increased the overall IP and DDIs.
Departments affected the occurrence of IP according to Beers' criteria. The prevalence of IP
according to Beers' criteria was the highest in cardiology department, as many Beers' criteria
drugs have cardiologic applications.
6.1 Recommendations


Incorporate the findings of this study in an educational material at the hospital level to
orient the physicians to good prescribing and to prevent ADEs.
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Review patients' medications regularly to reduce IP. In addition, physicians must be aware
of what drugs patients are, or are not, taking.



Avoid prescribing inappropriate drugs by the physicians and use appropriate alternatives
for them.



Physicians must prescribe from a limited range of drugs and must be thoroughly familiar
with their effects in the elderly.



When physicians prescribe, they must consider a safer non pharmacological therapy which
could be substituted for the use of inappropriate drugs, highlighting that a"less-is more
approach" is often the best way to improve health outcomes in older adults.



Drug interactions must be anticipitated by the physicians; they include interactions
involving drugs that have a narrow therapeutic range (e.g. digoxin and theophylline),
interactions involving drugs that are enzyme inhibitors (e.g. ciprofloxacin and
clarithromycin) or enzyme inducers (e.g. glucocorticosteroids), and interactions involving
drugs that are p-glycoprotein inhibitors (e.g. spironolactone and atorvastatin).



When a DDI cannot be avoided, physicians must integrate a close monitoring plan.
This includes monitoring ADEs and laboratory tests.



Health administration at Al Shifa hospital must interest in the provision of laboratory
monitoring for aminophylline levels in blood.



The Ministry of Health must put a plan to introduce computerized decision support
systems (CDSS) in hospitals which are linked with CPOE to provide support for
decision-making in patient care by integrating clinical and patient information.
Computerized support systems can provide support with regard to drug interactions, choice
of drug, dosages, and monitoring.

They can be used at two different levels: at the

prescribing level (Computerized decision-making support) and at the pharmacy level
(drug alerts/warnings when patients have newly prescribed inappropriate medications).
An “alert” is generated by the system when there is a potential drug allergy, drug
intolerance or drug interaction, and thus serious medication errors and ADRs can be
reduced.


Establishing a clinical pharmacy service to provide pharmaceutical care for elderly at
Al Shifa hospital and thus reduce IP and ADEs.

91



Consider using the tools that assess appropriateness of prescribing such as Beers' criteria,
STOPP, START, MAI to improve prescribing quality.



Prepare the clinical pharmacist to practice at a satisfactory level, so he needs to be:

1. Educated to become the main authority on drug products and efficacious drug therapy.
2. Educated to be skillful communicator of pharmaceutical knowledge to both patients and
other healthcare professionals.
3. Knowledgeable of and sensitive to the physical, socioeconomic, cultural and psychological
factors that contribute to illness and health, and the management of associated problems.
4. Taught skills of analysis and problem solving, decision making, and synthesis of new and
old data in the day-to-day practice of their profession.
5. Taught that the patient‟s welfare transcends all other considerations and that their
management skills should be directed toward this end.


Health administration at Al Shifa hospital must consider a comprehensive geriatric
evaluation and management care approach in the hospital to reduce IP.

This later

approach consists of a multidisciplinary team which may include a geriatrician and other
healthcare providers with specialized geriatric training (e.g, nurses, pharmacists,
dieticians, social workers, and psychologists).
6.2


Recommendations for future research
Other IP conditions should be further investigated, namely indication, effectiveness, dose,
directions, drug-food interactions, duration, and cost.



The actual clinical outcomes from IP were not investigated in the study. Thus, future
researches to address them in elderly inpatient will be needed.



No intervention to reduce IP was done by the researcher, so further researches are needed
to evaluate the effect of different interventions such as clinical pharmacist interventions on
the clinical outcome of the patient.



This study neither addressed IP at admission nor at discharge, which needs reconciliation
with home drugs. Further studies are needed to be performed with this respect.



This study was done in only three departments at Al Shifa hospital, so it is important to
investigate the problem of IP in other departments.



Prospective cross-sectional studies should be conducted at the hospital level to avoid poor
documentation and file keeping in the hospital.
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 Similar studies should be carried out at other palestinian hospitals in all Palestinian
regions. The results of these studies must be spread to the relevant sectors in order to
improve prescribing quality and reduce the cost of such prescribing.
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Appendix (3): Data Sheet
Date:
No:
Patient identification

Patient physical data

sex

Weight(kg)

Age

Bp(mmHg)

Patient Laboratory data
Test

-Drug allergy: yes

Result

No

Kind of allergy:

-Past medical history:
Diagnosis:
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Regular drugs:
Drug trade name/

Drug generic

strength

name

Directions

Duration

Analysis

and date
Appr.

Reasons for inappropriateness
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Inappr.
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Appendix (5): Drug drug interactions which were detected in the present
study.
1-Significant DDIs
Number

DDI

1

Albuterol+furosemide

Number
of DDIs
3

2

Amiodarone+amikacin

1

3

Amiodarone+atorvastatin

5

4

Ampicillin+cefotaxime

1

5

Aspirin+heparin

16

6

Atenolol+albuterol

4

7

Atenolol+furosemide

1

8

Atorvastatin+azithromycin

3

9

Atorvastatin+dexamethasone

2

10

Atorvastatin+digoxin

9

121

Reasons for DDI
Albuterol and furosemide both decrease
serum potassium.
Amiodarone will increase the level or
effect of amikacin by inhibiting
Pglycoprotein (MDR1) efflux transporter.
Amiodarone will increase the level or
effect of atorvastatin by inhibiting
Pglycoprotein (MDR1) efflux transporter.
Ampicillin, cefotaxime. Either increases
levels of the other by decreasing renal
clearance.
Aspirin, heparin.
Aspirin enhances
anticoagulant effect of heparin. The need
for simultaneous use of low-dose aspirin
and anticoagulant or antiplatelet agents are
common for patients with cardiovascular
disease.
Atenolol decreases effects of albuterol by
PD antagonism.
Atenolol increases and albuterol decreases
serum potassium.
Atenolol increases and furosemide
decreases serum potassium.
Atorvastatin will increase the level or
effect of azithromycin by inhibiting Pglycoprotein (MDR1) efflux transporter.
Atorvastatin will increase the level or
effect of dexamethasone by inhibiting Pglycoprotein (MDR1) efflux transporter.
Dexamethasone will decrease the level or
effect of atorvastatin by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Atorvastatin will increase the level or
effect of digoxin by inhibiting Pglycoprotein (MDR1) efflux transporter.

11

12

13

Atorvastatin+hydrocotisone

Atorvastatin+prednisone

Bisoprolol+albuterol

4

2

3

14

Bisoprolol+furosemide

2

15

Bisoprolol+theophylline

1

16

Ca carbonate+ciprofloxacin

2

17

Calcium carbonate+allopurinol

7

18

Calcium carbonate +levothyroxin

1

19

Calcium carbonate+ofloxacin

1

121

Atorvastatin will increase the level or
effect of hydrocortisone by inhibiting Pglycoprotein (MDR1) efflux transporter.
Hydrocortisone will decrease the level or
effect of atorvastatin by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Atorvastatin will increase the level or
effect of prednisone by inhibiting
Pglycoprotein (MDR1) efflux transporter.
Prednisone will decrease the level or effect
of
atorvastatin
by
affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Bisoprolol decreases effects of albuterol
by PD antagonism.
Bisoprolol increases and albuterol
decreases serum potassium.
Bisoprolol increases and furosemide
decreases serum potassium.
Beta blockers (espcially non selective)
antagonize theophylline effects, while at
the same time increasing theophylline
levels and toxicity (mechanism: decreased
theophylline metabolism).
Calcium carbonate decreases effects of
ciprofloxacin by inhibition of gastrointestinal absorption. Applies only to oral
form of both agents. Ciprofloxacin should
be administered 2 hours before or 6 hours
after calcium salts.
Calcium carbonate decreases levels of
allopurinol by inhibition of GI absorption.
Applies only to oral form of both agents.
Separate by 2 hours.
Calcium carbonate decreases levels of
levothyroxine
by
inhibition
of
gastrointestinal absorption. Applies only
to oral form of both agents. Separate by 2
hours.
Calcium carbonate decreases the level of
ofloxacin by inhibition of GI absorption.
Applies only to oral form of both agents.
Separate by 2 hours

20

Carbamazepine+phenytoin

1

Carbamazepine will decrease the level or
effect of phenytoin by affecting hepatic
enzyme CYP2C9/10 metabolism.
Phenytoin will decrease the level or effect
of
carbamazepine
by
affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.

21

Carvedilol+theophylline

1

22

Carvedilol+digoxin

1

Beta blockers (especially non selective)
antagonize theophylline effects, while at
the same time increasing theophylline
levels and toxicity (mechanism: decreased
theophylline metabolism).
Carvedilol increases levels of digoxin by
enhancing gastrointestinal absorption.
Applies only to oral form of both agents.
Carvedilol increases levels of digoxin by
decreasing renal clearance.
Carvedilol increases effects of digoxin by
PD synergism. Enhanced bradycardia.

23

Ciprofloxacin+amiodarone

1

24

Clopidogrel+oseltamivir

1

25

Dexamethasone+ciprofloxacin

2

26

Dexamethasone+heparin

1

122

Carvedilol and digoxin both increase
serum potassium.
Ciprofloxacin and amiodarone both
increase QTc interval.
Ciprofloxacin
elicits minimal effects on QT interval.
Caution if used in combination with other
drugs known to affect QT interval or in
patients with other risk factors.
Clopidogrel
may
decrease
serum
concentrations of active metabolite of
oseltamivir.
Coadministration of quinolone antibiotics
and corticosteroids may increase risk of
tendon rupture.
Corticosteroids
may
decrease
anticoagulant effects by increasing blood
coagulability; conversely, they may impair
vascular integrity, thus increasing bleeding
risk.

27

Digoxin+furosemide

2

Digoxin increases and
decreases serum potassium.

furosemide

Furosemide increases effects of digoxin by
PD synergism.

28

Diltiazem+clopidogrel

1

29

Doxycycline+digoxin

1

30

Enalapril+carbamazepine

1

31

Enalapril+digoxin

9

32

Enalapril+furosemide

1

33

Enalapril+spironolactone

3

34

Fluconazole+omeprazole

2

35

Fluconazole+prednisone

1

36

Heparin+clopidogrel

6

123

Hypokalemia increases digoxin effects.
Diltiazem will decrease the effect of
clopidogrel by affecting hepatic/intestinal
enzyme
CYP3A4
metabolism.
Coadministration of clopidogrel and a
calcium channel blocking agent may
decrease the effect of clopidogrel on
platelet inhibition, possibly increasing the
risk
of
atherothrombotic
events.
Clopidogrel
requires
hepatic
biotransformation to an active metabolite,
mediated by the 3A4 enzyme. Diltiazem
is a 3A4 inhibitor and may decrease the
hepatic metabolism of clopidogrel to its
active metabolite.
Doxycycline will increase the level or
effect of digoxin by altering intestinal
flora. Applies only to oral form of both
agents.
Enalapril
increases
levels
of
carbamazepine by decreasing metabolism.
Enalapril increases levels of digoxin by
unspecified interaction mechanism.
Enalapril, furosemide. Mechanism: PD
synergism. Risk of acute hypotension,
renal insufficiency.
Mechanism: PD synergism. Risk of
hyperkalemia.
Fluconazole will increase the level or
effect of omeprazole by affecting hepatic
enzyme CYP2C19 metabolism.
Fluconazole will increase the level or
effect of prednisone by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Heparin, clopidogrel. Either increases
effects of the other by PD synergism.
Enhanced risk of hemorrhage; additive
effects are intended when both drugs are
prescribed as indicated for acute coronary
syndrom.

37

Heparin+phenytoin

1

38

Hydrocortisone+ciprofloxacin

12

39

Levofloxacin+warfarin

1

40

Methylprednisolone+
ciprofloxacin

1

41

Methyl prednisolone+heparin

1

42

Metoclopramide+levodopa

1

43

Metronidazole+atorvastatin

4

44

Metronidazole+clopidogrel

1

45

Metronidazole+diazepam

1

46

Metronidazole+phenytoin

2

124

Heparin increases levels of phenytoin by
unknown mechanism.
Hydantoin
anticonvulsants
increase
anticoagulant effects at first, then decrease
those effects with continued use (2+ wks).
There are multiple mechanisms involved,
including enzyme induction, plasma
protein binding site competition, and
additive effects on prothrombin time.
Coadministration of quinolone antibiotics
and corticosteroids may increase risk of
tendon rupture.
Levofloxacin increases effects of warfarin.
Comment: Decrease vitamin K-producing
intestinal flora may increase INR after a
few days.
Levofloxacin increases effects of warfarin
by unknown mechanism. Ciprofloxacin,
norfloxacin, and ofloxacin are most likely
to interact with warfarin; data for other
quinolones is conflicting.
Coadministration of quinolone antibiotics
and corticosteroids may increase risk of
tendon rupture.
Corticosteroids
may
decrease
anticoagulant effects by increasing blood
coagulability; conversely, they may impair
vascular integrity, thus increasing bleeding
risk.
Metoclopramide decreases levels of
levodopa by PD antagonism.
Avoid
combination if possible.
Metronidazole will increase the level or
effect of atorvastatin by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Metronidazole will decrease the effect of
clopidogrel by affecting hepatic/intestinal
enzyme CYP3A4 metabolism. Inhibition
of CYP3A4 will reduce clopidogrel
bioactivation.
Metronidazole will increase the level or
effect of diazepam by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Metronidazole will increase the level or
effect of phenytoin by affecting hepatic
enzyme CYP2C9/10 metabolism.

47

Metronidazole+theophylline

1

48

Omeprazole+cefuroxime

3

49

Omeprazole+ciprofloxacin

6

50

Omeprazole+phenytoin

1

51

Phenytoin+atorvastatin

1

52

Prednisone+ciprofloxacine

2

53

Ranitidine+cefuroxime

2

54

Spironolactone+albuterol

1

55

Spironolactone+colchicine

1

56

Spironolactone+digoxin

9

Metronidazole will increase the level or
effect of theophylline by affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Omeprazole will decrease the level or
effect of cefuroxime by increasing gastric
pH. Applies only to oral form of both
agents.
Omeprazole will decrease the level or
effect of ciprofloxacin by unknown
mechanism.
Omeprazole will increase the level or
effect of phenytoin by affecting hepatic
enzyme CYP2C9/10 metabolism.
Phenytoin will decrease the level or effect
of
atorvastatin
by
affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Coadministration of quinolone antibiotics
and corticosteroids may increase risk of
tendon rupture.
Ranitidine will decrease the level or effect
of cefuroxime by increasing gastric pH.
Applies only to oral form of both agents.
Spironolactone increases and albuterol
decreases serum potassium.
Spironolactone will increase the level or
effect of colchicine by inhibiting Pglycoprotein (MDR1) efflux transporter.
Spironolactone will increase the level or
effect of digoxin by inhibiting Pglycoprotein (MDR1) efflux transporter.
Spironolactone has been shown to increase
the half-life of digoxin and subsequent
toxicity may occur.
Spironolactone, digoxin.
Mechanism:
Decreasing renal clearance. False digoxin
assay results may be obtained.
Spironolactone increases levels of digoxin.
Spironolactone may cause false elevation
of digoxin assay.

57

Spironolactone+furosemide

4
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Spironolactone increases and furosemide
decreases serum potassium.

58

Spironolactone+warfarin

1

59

Verapamil + theophylline

1

60

VitD+digoxin

1

61

Warfarin+amoxicillin

1
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Spironolactone decreases effects of
warfarin by unknown mechanism.
Interaction is theorized to result from
increased concentration of clotting factors
as a result of diuresis.
Verapamil will increase the level or effect
of theophylline by affecting hepatic
enzyme CYP1A2 metabolism.
Verapamil will increase the level or effect
of
theophylline
by
affecting
hepatic/intestinal
enzyme
CYP3A4
metabolism.
Vitamin D increases toxcity of digoxin
(see comment). Comment: Vitamin D
may cause hypercalcemia which may
affect the actions of digoxin and/or lead to
cardiac arrhythmias.
Amoxicillin increases effects of warfarin
(see comment).
Comment: Decrease
vitamin K-producing intestinal flora may
increase INR after a few days.

2- Serious DDIs
Number

DDI

1

Allopurinol+theophylline

2

Amiodarone+warfarin

Number
of DDIs
1
1

3

Azithromycin+digoxin

1

4

Azithromycin+heparin

3

5

Azithromycin+warfarin

1

6

Calcium carbonate+digoxin

1

7

Carbamazepine+atorvastatin

1

8

Carbamazepine+
dexamethasone

2

9

Carbamazepine+
hydrocortisone

2

Reasons for DDI
Allopurinol
increases
levels
of
theophylline by decreasing metabolism.
Amiodarone increases levels of warfarin
by decreasing metabolism.
Amiodarone will increase the level or
effect of warfarin by affecting hepatic
enzyme CYP2C9/10 metabolism.
Azithromycin will increase the level or
effect of digoxin by altering intestinal
flora. Applies only to oral form of both
agents.
Azithromycin increases effects of
heparin by decreasing metabolism.
Azithromycin increases effects of
warfarin by decreasing metabolism.
Calcium carbonate will increase the
level or effect of digoxin by increasing
gastric pH. Applies only to oral form of
both agents.
Carbamazepine will decrease the level
or effect of atorvastatin by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Carbamazepine will decrease the level
or effect of dexamethasone by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Dexamethasone will decrease the level
or effect of carbamazepine by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Carbamazepine will decrease the level
or effect of hydrocortisone by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Hydrocortisone will decrease the level
or effect of carbamazepine by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
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10

Carbamazepine+methyl
prednisolone

1

11

Ceftriaxone+enoxaparin

3

12

Ceftriaxone+heparin

4

13

Ceftriaxone+warfarin

1

14

Ciprofloxacin+theophylline

14

Carbamazepine will decrease the level
or effect of methylprednisolone by
affecting hepatic/intestinal enzyme
CYP3A4 metabolism.
Methylprednisolone will decrease the
level or effect of carbamazepine by
affecting hepatic/intestinal enzyme
CYP3A4 metabolism.
Ceftriaxone increases effects of
enoxaparin by PD synergism.
Ceftriaxone increases effects of heparin
by PD synergism.
Ceftriaxone increases effects of
warfarin by PD synergism.
Ceftriaxone increases effects of
warfarin (see comment). Comment:
Decrease
vitamin
K-producing
intestinal flora may increase INR after a
few days.
Ciprofloxacin will increase the level or
effect of theophylline by affecting
hepatic enzyme CYP1A2 metabolism.
Ciprofloxacin will also increase the
level or effect of theophylline by
affecting hepatic/intestinal enzyme
CYP3A4 metabolism.

15

Ciprofloxacine+warfarin

1

16

Clarithromycin+octreotide

1
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Concomitant use of theophylline and
ciprofloxacin
has
decreased
theophylline clearance and increased
plasma levels and symptoms of toxicity.
Serious and fatal reactions have
included cardiac arrest, seizure, status
epilepticus, and respiratory failure. If
concomitant use cannot be avoided,
monitor theophylline levels and adjust
dosage as needed.
Ciprofloxacin will increase the level or
effect of warfarin by affecting hepatic
enzyme
CYP1A2
metabolism.
Quinolone
antibiotics
such
as
ciprofloxacin
may
enhance
the
anticoagulant effects of warfarin.
Clarithromycin and octreotide both
increase QTc interval.

17

Clarithromycin+atorvastatin

2

18

Clarithromycin+clopidogrel

1

19

Clarithromycin+digoxin

1

20

Clarithromycin+diltiazem

2

21

Clarithromycin+enoxaparin

1

22

Clarithromycin+heparin

1

23

Clarithromycin+ hydrocortisone

3

24

Clarithromycin+
methylprednisolone

1

Clarithromycin will increase the level or
effect of atorvastatin by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Clarithromycin will increase the level or
effect of atorvastatin by P-glycoprotein
(MDR1)
efflux
transporter.
Atorvastatin dose must not exceed 20
mg/day when coadministered with
clarithromycin.
Clarithromycin will decrease the effect
of
clopidogrel
by
affecting
hepatic/intestinal enzyme CYP3A4
metabolism. Inhibition of CYP3A4 will
reduce clopidogrel bioactivation.
Clarithromycin will increase the level or
effect of digoxin by altering intestinal
flora. Applies only to oral form of both
agents.
Clarithromycin will increase the level or
effect of digoxin by inhibiting Pglycoprotein (MDR1) efflux transporter.
Clarithromycin will increase the level or
effect of diltiazem by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Clarithromycin increases effects of
enoxaparin by decreasing metabolism.
Clarithromycin increases effects of
heparin by decreasing metabolism.
Clarithromycin will increase the level or
effect of hydrocortisone by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Clarithromycin will increase the level or
effect of hydrocortisone by inhibiting Pglycoprotein (MDR1) efflux transporter.
Clarithromycin will increase the level or
effect of methylprednisolone by
affecting hepatic/intestinal enzyme
CYP3A4 metabolism.
Clarithromycin will increase the level or
effect of methylprednisolone by
inhibiting P-glycoprotein (MDR1)
efflux transporter.
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25

Clarithromycin+ theophylline

2

26

Colchicine+atorvastatin

1

27

Doxycycline+amoxycillin

2

28

Enoxaparin+azithromycin

1

29

Enoxaparin+warfarin

2

30

Furosemide+amikacin

1

31

Levothyroxine+warfarin

1

32

Metronidazole+warfarin

1

Clarithromycin will increase the level or
effect of theophylline by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Colchicine, atorvastatin.
Either
increases toxcity of the other by PD
synergism.
Increased
risk
of
rhabdomyolysis (including a fatality).
Atorvastatin will increase the level or
effect of colchicine by inhibiting Pglycoprotein (MDR1) efflux transporter.
Doxycycline decreases effects of
amoxicillin by PD antagonism.
Azithromycin increases effects of
enoxaparin by decreasing metabolism.
Enoxaparin and warfarin both increase
anticoagulation.
Furosemide, amikacin. Either increases
toxcity of the other by PD synergism.
Increased risk of ototoxicity and
nephrotoxicity.
Levothyroxine increases effects of
warfarin by PD synergism.
Metronidazole increases levels of
warfarin by decreasing metabolism.
Metronidazole will increase the level or
effect of warfarin by affecting hepatic
enzyme CYP2C9/10

33

Omeprazole+clopidogrel

4

34

Omeprazole+digoxin

3
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Metronidazole will increase the level or
effect of warfarin by affecting
hepatic/intestinal enzyme CYP3A4
metabolism.
Omeprazole decreases effects of
clopidogrel by affecting hepatic enzyme
CYP2C19 metabolism. Clopidogrel
efficacy may be reduced by drugs that
inhibit CYP2C19. Inhibition of platelet
aggregation by clopidogrel is entirely
due
to
an
active
metabolite.
Clopidogrel is metabolized to this active
metabolite in part by CYP2C19.
Omeprazole will increase the level or
effect of digoxin by increasing gastric
pH. Applies only to oral form of both
agents.

35

Quinidine+atorvastatin

1

36

Ranitidine+digoxin

5

Quinidine will increase the level or
effect of atorvastatin by inhibiting Pglycoprotein (MDR1) efflux transporter.
Ranitidine will increase the level or
effect of digoxin by increasing gastric
pH. Applies only to oral form of both
agents.
Digoxin will increase the level or effect
of ranitidine by basic (cationic) drug
competition for renal tubular clearance.

3- Contraindicated DDIs
Number
1

DDI
Ceftriaxone+ca gluconate

Number
of DDIs
2

Reasons for DDI
Ceftriaxone, calcium gluconate. (see
comment). Contraindicated.
Comment: Do not use any calciumcontaining
solutions
(including
Ringer's or Harmann's) in combination
with IV ceftriaxone; risk of potentially
fatal particulate precipitation in lungs,
kidneys. Separate by at least 48 hrs.
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Appendix (6): 2012 AGS Beers' criteria for potentially inappropriate
medication use in older adults
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Appendix (7): Summary of some studies which addressed inappropriate
prescribing in elderly
Study

Country

Gallagher &
O'Mahony,
2008

Ireland

Care setting
Age categories
Patients admitted
with acute illness
to a university
teaching hospital
≥ 65years old

Number of
patients
715

Criteria

outcomes

STOPP & Beers'
criteria

STOPP Criteria identified
336 PIMs affecting 247
patients (35%). Beers'
Criteria identified 226 PIM
affecting 177 patients
(25%).
About 49% of the patients
received at least 1PIM, and
6% received 3 or more.

Rothberg et
al, 2008

U.S.

384 US hospitals
Inpatients ≥ 65
years old.

493,971

Beers' criteria

Liu et al.,
2012

Taiwan

Hospital setting
Inpatients ≥
65years old

520

STOPP &
START criteria

Gallagher et
al., 2011

Six European
countries
(Switzerland,
Spain,
Belgium,
Italy, Czech
Republic and
Irland)

Six university
teaching hospitals
in Geneva,
Madrid,
Oostende,
Perugia, Pargue
and Cork.
Patients ≥ 65years
old.

900
patients,
150 patients
per hospital.

STOPP, Beers'
criteria, &
START criteria

Bryne et al.,
2011

Republic of
Ireland (RoI)
and Northern
Ireland (NI).

Nursing homes
Residents ≥ 65
years old.

630

STOPP & Beers'
criteria

Leikola et
al., 2011

Finland

841509

Beers' criteria

About 14.7% of the
patients had received PIM
according
to
Beers'
criteria. This was less than
in other countries 17-42%.

Laroche et
al., 2006

France

Drug data from
Finland's Social
Insurance
Institution.
Outpatients aged
≥ 65
Hospital setting,
patients ≥ 70
years of age.

2018

Beers' criteria

Hospitalization in geriatric
services results in a
reduction in inappropriate
medication use.
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The prevalence of PIM
according to STOPP
criteria was 36.2% and the
prevalence of potential
prescribing omission was
41.9%
The prevalence of PIMs
was 51.3 % using STOPP
criteria varying among
centres and 30.4% using
Beers' criteria. The
omission of beneficial
drugs was 59.4%. Both IP
and PPOs are highly
prevalent in acutely ill
hospitalized older people
in six European centres.
In the (RoI) data set, 73%
of residents had at least
one PIM identified by
STOPP criteria and 54.3%
had at least one PIM
identified by the Beers‟
criteria. In the (NI) data
set, 67% of residents had
at least one PIM identified
by STOPP criteria and
56.8% of residents had at
least one PIM identified by
the Beers‟ criteria.

Dhalla et al.,
2002

Canada

All liecensed
nursing homes in
Ontario, Canada
patients aged 66
and older

19911

Beers' criteria

Secoli et al.,
2010

Brazil

Residents in Sao
Paulo
≥ 60 years old.

2143

Analysis of
DDIs using a
computerized
program.

Yasein et
al., 2012

Jordan

Family practice
clinic at Jordan
University
hospital.
Elderly patients=
65 years of age.

400

Beers' criteria
2003

Abed, 2011

Palestine

Governmental
public health care
centers.
Elderly ≥ 60 years
old.

360
patients
with chronic
disease

DDIs
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About 25.45% of the
patients received at least
one inappropriate drug
before
nursing
home
admission.
This was
decreased to 20.8% after
admission.
About 26.5% of the elderly
population included in the
study
were
taking
medications that could
lead to a DDIs.
The prevalence rates of
polypharmacy (44.8%) and
inappropriate medication
use determined by Beers'
criteria independent of
diagnosis (29.5%) were
relatively high.
The prevalence rates of
polypharmacy and DDIs
were 26.2% and 37%,
respectively.

