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Abstract
The increasing number of elderly, and the increasing drug use among the elderly, emphasizes
the need to continuously monitor drug utilization in this group.
Chronic diseases are frequent among the older population, the rate of drug related problems and
drug-drug interactions (DDIs) with the medical and financial consequences are enormous. The
medical consequences are prominent in the elderly because of the age related changes in
pharmacokinetics and pharmacodynamics.
This thesis studies polypharmacy among chronic elderly patients in Gaza Strip as well as DDIs
and its distribution among primary health care clinics in different areas, also this thesis aimed at
identifying individuals particularly at risk of polypharmacy.
The study employed a descriptive, analytical, cross sectional design. A retrospective
sample of 360 prescriptions was taken from 6 PHC clinics from the different geographical areas.
60 prescriptions from each selected clinic were taken.
Polypharmcy was defined as the concomitant use of 5 or more medications. It was relatively
high in older patients. The consequences of polypharmacy include drug-drug interactions and
adverse drug effects, non-compliance, drug-related hospital admissions and increased costs.
(OGHUO\ZHUHGHILQHGIRUWKHSXUSRVHRIWKLVVWXG\DVWKRVHZKRDUHDJHG
Results found that the percent prevalence of polypharmacy among the study population is 26.2%.
The percent of polypharmacy was (16.3%) among patients with one chronic disease, (37.6%)
with two chronic diseases and this percent increased to (68.8%) among patients having three
chronic diseases. Mean number of medications used by each elder of the study population was
3.4 (SD = 1.7). The commonest disease affecting elderly is hypertension (65.2%), followed by
diabetes mellitus (47.9%) and cardiovascular disease (22.2%)7KHVWXG\¶VILQGLQJVVKRZHGWKDW
polypharmacy is affected significantly by age (p = 0.012) and clinic (p < 0.001) while no
statistically significant relationship was found between polypharmacy and gender. There were a
statistically significant variations in antibiotics (p = 0.005) and analgesics (p < 0.001)
consumption between different clinics. Factors related to the prescriber (age, sex, experience,
work load and type of practice) have been suggested for these variations.
The prevalence of DDIs was 37% with an average of 0.51 DDI per patient. In this study, the
most commonly interacting drugs were cardiovascular drugs and the most frequently found drug
II

pairs implicated in potential DDIs were ACE Inhibitors/Aspirin, ACE Inhibitors / Diuretics,
Antidiabetics / NSAIDs-Salicylates, Digoxin\Diuretics and Antidiabetics\ beta-blockers. And
the major potential DDI was the drug pair Ciprofloxacin\ Theophylline.
Geriatric knowledge is needed to support health centers and specialized units in this demanding
WDVN &RPPXQLW\ SKDUPDFLVWV¶ UROH LQ UHGXFLQJ WKLV phenomenon needs to be enhanced.
Polypharmacy is a complex and worrying phenomenon that merits more research.

Key words: Elderly, Polypharmacy, Aging, Gaza Strip, Prevalence, Drug-Drug Interactions,
Chronic Diseases, Primary Health Care
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. Introduction
Escalating pharmaceutical costs, new budgetary demands and a growing awareness of health
risks for patients with polypharmacy exert pressure on General Practitioners (GPs) to reduce
medication. This necessitates a good understanding of how multiple drug use comes about.
There are two common definitions of polypharmacy available. It is determined either as the
simultaneous use of a certain number of medications (5 or more) (Veehof et al., 2000;
Kennerfalk et al., 2002 & Fialova et al., 2005 ) or as the unnecessary overuse of drugs (Avorn,
2004). It can refer to perceptions of prescribers or consumers and may or may not include overthe-counter (OTC) remedies. If defined as use of five or more drugs, between 4% (Veehof et
al., 2000) and 34 % (Barat et al., 2000) of people aged 65 years and above are affected by
polypharmacy. A number of studies investigated determinants of prescribed polypharmacy and
reported relevant socio-demographic factors (age, gender, education, employment and socioeconomic status), (Perry & Turner, 2001, Odubanjo et al., 2004)

influence of disease

(multimorbidity, multiple complaints, well-being and chronic illness) (Linjakumpu et al., 2002
& Al-Windi, 2005) and health system factors (prescriber related, perceived patient pressure
and free access to medications) (Bjerrum et al., 1999, Hessel et al., 2000, Little et al., 2004 &
Perkins et al., 2004).
Rational use of medicines is a crucial part of the national health policy and access to medicines
is one of the vital tools needed to improve and maintain health. Rational use of medicine has
been defined by the World Health Organization (WHO) as ients receive medications
appropriate to their clinical needs, in doses that meet their individual requirements, for an
adequate period of time, and at lowest cost to them and their community (WHO, 1985).
Irrational use of medicines is now a worldwide problem, which has a serious impact on health
and economy that may results in wastage of resources, inappropriate patient demand, serious
adverse drug reactions, increase antimicrobial resistance, increase drug-related morbidity and
mortality (WHO, 2002). World Health Organization (WHO) has reported that more than 50%
of national and 60  80% of individual health care expenditure is spent on medicines (WHO,
2003).



Safe and effective pharmacotherapy remains one of the greatest challenges in geriatric
medicine. Elderly patients often suffer from several chronic disorders and consequently use
more drugs than any other age group. The diminished physiological reserve associated with
ageing can be further depleted by effects of drugs and acute or chronic disease states. Ageing
alters the pharmacokinetics and pharmacodynamics of many drugs. In addition,
pharmacotherapy may be complicated by difficulties with obtaining drugs or complying with
drug regimens (Wilkinson, 1997).
New drugs are continuously developed leading to more and more possibilities of medication
use, for indications previously thought to be resistant to pharmacotherapy, adding to the
problems faced by elderly because of drug-disease, drugdrug interactions. Many diseases of
the elderly, such as hypertension, are now treated more actively than before, and the threshold
of starting medication has become lower .With advancing age, a greater share of individuals
becomes susceptible to chronic morbidity which requires long-term medical treatment and
leads to the use of several medications. (JNC VI).
Health care professionals are responsible to ensure safe dispensing and use of drug regimens
involving the use of drug combinations that may interact and cause serious adverse events. In
the last 40 years an enormous amount of data on drug interactions has been published. But,
although potential drug interactions are probably common, only few of them manifest serious
adverse events and often only in predisposed patients. Therefore, health care professionals feel
inundated with hints for potential drug interactions of questionable clinical significance
provided by their drug interactions information sources. Computerised alerts systems enable
important assistance but their performance is not satisfying (Tamblyn et al., 2003).

There are many cross-sectional or longitudinal studies about drug use by the elderly in
different countries (Chrischilles et al., 1992). However, most of these studies focused on the
prevalence and determinants of polypharmacy, while this thesis aimed to focus on the drug
interactions due to polypharmacy in adition to the prevalence of polypharmacy.



1.1 Justification
There is a global interest to issues of excessive use of medication, polypharmacy, and primary
health care services development. The World Health Organization (WHO) raised these issues
in conferences, and committees showing the importance of the subject. The Palestinian
Ministry of Health used several ways to overcome the irrational drugs use, including
workshops, public awareness, describer directing and development of the national essential
drug list.

Old patients with chronic diseases are usually co-morbid, which means that they use multiple
drugs at the same time, these drugs which are of different pharmacological groups may interact
with each other causing problems ranging from inadequate treatment to serious problems that
may be fatal. Despite all the efforts made by the Palestinian National Authority (PNA), the
problem of irrational drug use is still a real problem. So the drug regimen must be selected
properly to minimize these problems, and only necessary drugs have to be prescribed.
In this study which is the first to be performed locally we will investigate the prevalence of
polypharmacy prescriptions (containing 5 or more drugs) for chronic patients attending
primary care clinics in Gaza Strip, and the possible drug-drug interactions (DDI) due to the
state of polypharmacy and the way to minimize it.

1.2 Objectives of this study


The purpose of the study is to ascertain the prevalence rate of polypharmacy in general
practices of the primary care clinics in Gaza Strip.



To study the possible drug-drug interactions (DDIs) as a result of polypharmacy and its
distribution between different clinics.



To identify individuals particularly at risk of polypharmacy



2. Literature Review

2.1 Pharmacoepidemiology
Pharmacoepidemiology is the study of interactions between drugs and populations, using
epidemiological methods and reasoning. Pharmacoepidemiology may be defined as the study
of the utilization and effects of drugs in large numbers of people (Strom, 2005). According to
Hartzema et al., pharmacoepidemiology has been defined as the application of epidemiological
knowledge, methods, and reasoning to the study of the effects (beneficial and adverse) and use
of drugs in human populations ( Hartzema et al., 1987). Spitzer et al. describe
pharmacoepidemiology as the study of drugs as determinants of health and disease in the
general unselected population (Spitzer, 1991).
To accomplish this, pharmacoepidemiology borrows from both pharmacology and
epidemiology. Thus, pharmacoepidemiology can be called a bridge spanning both
pharmacology and epidemiology (Strom, 2005). Pharmacoepidemiology then can also be
defined as the application of epidemiological methods to pharmacological issues. There are
also some areas that are altogether unique to pharmacoepidemiology, e.g., pharmacovigilance.
Pharmacovigilance is a type of continuous monitoring for unwanted effects and other safetyrelated aspects of drugs that are already on the market. In practice, pharmacovigilance refers
almost exclusively to the spontaneous reporting systems which allow health care professionals
and others to report ADRs to a central agency.
Pharmacoepidemiology is becoming increasingly important with the global aging of
populations, due to the increased prevalence of medication use among older persons. In such
scenario, the evaluation of the adverse effects of concomitant use of multiple drugs has become
particularly important in the elderly (Strom, 2005).

2.2 Definition of aging
The simplest definition of aging is the chronological count of calendar years (Jyrk, 1995).
Many elderly persons do not feel themselves old even when retired or at the advanced age of
75 (Devroey et al., 2002). The elderly population is divided into the young elderly aged 6074
years and the very elderly over 74 years old (Devroey et al., 2002).
In the literature, aging is defined most simply as a biological, psychological, and social
phenomenon. Biological aging is associated with changes in the human organism and


biological aging processes. Biological age is an attribute of body tissue relevant to
pathogenesis . Pharmacokinetic and pharmacodynamic changes of drug efficacy are associated
with the biological aging of the elderly (Pollock, 1998). The major organs affected by aging
are the kidneys, the liver, and the cardiovascular and central nervous systems (Pollock, 1998).
Aging may cause changes in the neurotransmission systems and these changes may increase
sensitivity to sedation by drugs (Veehof et al., 2000). Psychological aging takes place in the
person psychic activities. Social aging is connected with the person as a member of society,
and the term 

           

   reached the socio-political age

of 65 years. Social aging is more complicated to define than either biological or psychological
aging, and the definitions partly overlap. Social aging is associated with changes that take
place in the individual       

  environment and these

changes may manifest at both individual and societal levels (Pollock, 1998).

2.2.1 Aging and health
The worldwide demographic transition is characterized by decreasing fertility and mortality
rates with continuously growing elderly populations. The developed countries have
experienced this for decades, and it is now also evident for the developing countries, where
both the absolute and relative numbers of elderly persons are increasing rapidly, with 80 years
and older is the fastest growing age group. In 1950, people 80 years and older constituted 1%
of the population in the developed countries and 0.3% in the developing countries. In 2000 the
corresponding figures were 3.1% and 0.7%, and the projections for 2050 are 9.4% and 3.6%,
respectively. In absolute numbers, the world population 80 years and older is expected to
increase from 70 million people in 2000 to almost 400 million people in 2050, with sevenout of
ten living in the developing countries (United Nations, 2006).

Underlying global population aging is a process known as the     
which mortality and then fertility decline (Lunenfeld, 2008). Decrease in fertility and increase
in life expectancy have together reshaped the age structure of the population in most regions of
the world by shifting relative weight from younger to older groups. By 2050, the distribution is
expected to become closer to a rectangle (Figure 1)









Figure 2.1 Age and sex distribution of the population in more developed and less
developed regions, 1950, 2005 and 2050 (World Population Prospects, United Nations,
2005).

In the occupied Palestinian territory, the number and percent of elderly population aged 60+ is
expected to increase (Table 2.1). With increasing age, multi-morbidity becomes more frequent,
leading to higher occurrence of medication use and higher risk of adverse drug reactions due to
polypharmacy, chronic diseases, and age-related changes in pharmacokinetics (absorption,
distribution, metabolism and elimination of a drug in the body) and pharmacodynamics (the
pharmacologic effect and clinical response to the drug) (Mangoni & Jackson. 2003).
Conditions of Palestinian elderly are not very much different from those around the world;
elderly in Palestine represent 3% of population in Palestinian territory (Population Reference
Bureau, 2007); Life expectancy at birth in the Palestinian territory is 71 years for males, and 74
years for females (Population Reference Bureau, 2007). Statistics show that 65.5% of elderly
in Palestine are suffering from at least one chronic disease (Palestinian Central Bureau, 2006).
The most common chronic diseases among elderly people are hypertension at 35.3%, diabetes
at 24.9%, joints diseases at 16.5%, and heart diseases at 12.2% (Palestinian Central Bureau,
2006).



Occupied Palestinian Territory
Table 2.1: Population aged 60+ 1950-2050

Year
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
2020
2025
2030
2035
2040
2045
2050



(thousands)
75
71
67
64
57
62
74
97
110
146
152
168
194
233
296
386
485
609
746
901
1 113

(%)
7.4
6.8
6.1
5.4
5.2
4.9
5.0
5.4
5.1
5.6
4.8
4.5
4.4
4.6
5.1
5.9
6.6
7.5
8.4
9.4
10.8

Source: Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat

2.3 Drugs and Aging
2.3.1 Pharmacological changes with aging
As a consequence of decline in physiological functions and changes in the composition of the
body, elderly are confronted with altered drug response due to pharmacokinetic (Table 2.2) and
pharmacodynamic (Table 2.3) mechanisms.

2.3.1.1 Age-dependent pharmacokinetics
Pharmacokinetics is best defined as   

     

     

distribution across body compartments, metabolism, and excretion. With aging, the metabolism
and, in particular, excretion of many drugs decrease and the physiologic changes of aging
require dose adjustment for many drugs (Turnheim, 2004).

Drug absorption
Most drugs are absorbed from the gastrointestinal tract by diffusion and some subtle changes
have been observed in the gastrointestinal tract due to aging. While some studies have not
shown significant age-related differences in absorption rates for different drugs (Gainsborough
et al., 1993), the absorption of vitamin B12, iron and calcium is reduced (Blechman & Gelb,
1999), while that of levodopa is increased. Recent studies have shown that gastric acid
secretion does not change with advancing age (Haruma et al., 2000).
Due to decreased peristalsis, gastric emptying is slightly delayed in the elderly (Wiley, 2002).
These changes might potentially affect drug absorption, but they are generally of little clinical
significance.

Drug distribution
With increasing age, body water is reduced, resulting in an increased proportion of body fat.
This leads to an increase in the volume of distribution for highly lipophilic drugs, which may
prolong their elimination half-lives. Drug binding plasma proteins, such as serum albumin
(decrease) and  1-acid glycoprotein (increase), often change with aging, but the clinical effect
of this on drug concentrations is unclear (Turnheim, 2004).

Metabolism
The hepatic metabolism through the cytochrome P-450 enzyme system (phase I reaction)
decreases with aging for some drugs. Clearance typically decreases 20 to 40% for some drugs
(for example diazepam, amitriptyline, fentanyl, nifedipine, warfarin, and verapamil), whereas
that of others is unchanged (Turnheim, 2003). Theoretically, maintenance drug doses should be
decreased by this percentage; however, rate of drug metabolism varies greatly from person to
person, so individual titration is required. In contrast, age does not affect clearance of drugs
that are metabolized by conjugation (phase II), for example paracetamol and oxazepam.
The first-pass metabolism, metabolism of drugs before entering the blood stream from the
gastrointestinal tract of many drugs in the liver is reduced with ageing. 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 ACE
inhibitors (e.g. enalapril), are prodrugs, for which decreased first-pass metabolism may result
in a decreased bioavailability (amount of drug taken that reach the blood stream in active form)
(Davies et al., 1984).

Excretion
The renal function continuously decline after the age of 30 years. 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 and risk
of adverse drug reactions (ADRs), for drugs that are excreted largely unmetabolised (mainly
water soluble drugs, for example digoxin) and drugs with active metabolites (for example oral
blood glucose lowering drugs).
Table 2.2 Age-related changes in pharmacokinetics

Parameter

Change

Effect

Increased gastric pH
Delayed gastric emptying



Slightly decreased
absorption (rarely clinically
significant)

Reduced intestinal blood
flow

Absorption

Decreased absorption surface
Decreased gastrointestinal
motility
Decreased total body water


Distribution

Increased proportion of body
fat
Decreased serum albumin

Increased  1-acid
glycoprotein

Increased plasma
concentration of water
soluble drugs
Increased half-life of lipid
soluble drugs
Increased free fraction in
plasma of highly proteinbound acidic drugs
Decreased free fraction of
basic drugs

Decreased hepatic blood
flow
Metabolism

Impaired enzyme function

First-pass metabolism and
metabolic elimination of
drugs can be less effective
Phase I metabolism of some
drugs might be impaired

Decreased glomerular
filtration rate
Excretion

Renal elimination of watersoluble drugs or drug
metabolites can be
impaired

2.3.1.2 Age-dependent pharmacodynamics
Pharmacodynamics is defined as   

    

   

   

   



Pharmacodynamic changes with aging include alterations in receptor binding, post-receptor mechanisms,
adaptive homeostatic responses and, particularly among frail patients, organ pathology. The effects of
similar drug concentrations at the site of action (sensitivity) may be greater or smaller than those in
younger people. Moreover, the capacity to compensate for these altered effects and to other physiological
challenges decreases with higher age (Turnheim, 2003 & Mangoni et al., 2004).

Elderly patients are particularly sensitive to effects of anticholinergic drugs. The elderly, most
notably those with dementia, are particularly prone to CNS adverse effects of such drugs and may
develop cognitive impairment or delirium. Anticholinergic drugs also commonly cause constipation,
urinary retention (especially in elderly men with benign prostatic hyperplasia), blurred vision and
dry mouth (Turnheim, 2003). Similarly, elderly persons are also more sensitive to anxiolytics,
opioids, and sedatives/hypnotics such as benzodiazepines, especially the long acting compounds.
(Table 2.3) and (table 2.4) summarize some of the important pharmacodynamic changes occurring
with increasing age.



Table 2.3 Examples of important age-related pharmacodynamic changes and their
mechanisms

Pharmacodynamic change

Drugs
Benzodiazepines, opioids

Increased sensitivity of the
brain

Reduced capacity of the brain
cholinergic system

Anticholinergic drugs

Increased sensitivity in the
gastrointestinal mucosa

Cardiovascular drugs,
neuroleptics,
antidepressants,
antiparkinsonian drug



Beta-adrenergic receptor
blockers

NSAID

Increased sedation, risk of
cognitive impairment,
delirium and falls

Risk of cognitive
impairment and delirium



Impaired baroreflex

Decreased number of beta
receptors

Consequences

Postural hypotension,
orthostatic, reactions

Reduced effect

Increased risk of
gastrointestinal
bleeding







Table 2.4 Selected pharmacodynamic changes with ageing. (Jackson et al., 2009)
Drug
Diazepam

Pharmacodynamic effect
Sedation, postural sway

Diltiazem



Verapamil

Acute and chronic
antihypertensive effect
Acute PR interval prolongation

Diphenhydramine

Postural sway



Enalapril 

ACE inhibition



Furosemide

Peak diuretic response 



Heparin

Anticoagulant effect 



Isoprenalin

Chronotropic effect



Analgesic effect



Morphine


Respiratory depression

Age-related change






Phenylephrine 

1-adrenergic agonism



Propranolol

Antagonism of chronotropic
effects of isoprenalin



Scopolamine
(hyoscine)

Cognitive function



Warfarin

Anticoagulant effect



2.4 Chronic diseases overview
At the current stage of Palestine

  , chronic diseases contribute to a substantial

proportion of total deaths in the population. Cardiovascular diseases and diabetes are highly
prevalent in the Palestinian society. Hypertension and dyslipidaemia, although common, are
inadequately detected and treated. Demographic and socioeconomic factors are hastening the
health transition, with sharp escalation of chronic disease burdens expected over the next 20
years (Abdeen, 2006).


2.4.1 Burden of chronic diseases
Palestine is experiencing a rapid health transition, with a large and rising burden of chronic
diseases, which are estimated to account for a large proportion of all deaths. There are no
available data to suggest the overall prevalence or incidence of diseases like cardiovascular
disease, hypertension or diabetes mellitus. In general, the impact of these diseases on society


is estimated from mortality data from the different health centers. The current system counts
mainly the visits of the patients to the Palestinian health centers which do not reflect the real
prevalence or incidence. In addition, there is no classification by age or gender mainly
because of a lack of a computerized system. Neither is there any information on disabilities
resulting from any of the chronic diseases. This lack of information leads to an inability to
estimate the direct or indirect costs, resources required, policy and decision making regarding
management and prevention (Abdeen, 2006).

2. Polypharmacy
2..1 Definitions and measurements
According to Dorland's Medical Dictionary, 27th edition, polypharmacy is the   
of many different drugs     



  -pharmacy to characterize the

appropriate and necessary combination of drugs, and only used the term polypharmacy for the
inappropriate drug combinations. In the literature, polypharmacy is usually defined in either of
two ways: quantitatively or qualitatively. Quantitatively, polypharmacy has been defined in
different ways such as: two or more drugs for 240 days or more (Veehof et al., 2000),
concurrent use of two or more (Bjerrum ey al., 1997), three or more (Barat et al., 2000) or four
or more drugs (Bikowski et al., 2001) and use of ten or more drugs (Hamdy et al., 1995).
However, one of the most commonly used definitions of polypharmacy is the concomitant use
of five or more drugs (Jorgensen et al., 2001, Linjakumpu et al., 2002, Rollason et al., 2003,
Odubanjo et al., 2004, Frazier, 2005 & Fulton et al., 2005). Polypharmacy is sometimes
classified in more detail as minor, moderate, or major polypharmacy (Veehof et al., 2000).
Qualitatively, polypharmacy has been defined differently in the literature, such as: regular
daily consumption of multiple drugs as well as the use of high-risk drugs and questionable
dosage (Golden et al., 1999), and the prescription, administration or use of more medications
than is clinically indicated in a given patient (Hanlon et al., 2001). Qualitative definitions of
polypharmacy highlights the fact that only one unnecessary drug can lead to adverse events
that could have been avoided, and equally excludes an arbitrary minimum number of drugs.
Fillit et al defined polypharmacy as the untoward iatrogenic sequela of the use of multiple,
interacting medications (Fillit et al., 1999). Generally, European studies define polypharmacy
according to the number of drugs taken, whereas the studies conducted in the United States
define polypharmacy according to whether a medication is clinically indicated or not.



This thesis studies polypharmacy entirely from a quantitative point of view, using the
commonly employed definition of the concomitant use of five or more drugs. Elderly persons
exposed to polypharmacy have thus been identified from the number of drugs in use, regardless
of the clinical consequences of the drug combinations.

2..2 Occurrence
The prevalence of polypharmacy in the elderly has been reported to be everything between 4%
and 78% (Fulton et al., 2005). Polypharmacy, defined as the use of five or more drugs, has
been reported to range from 4% (Veehof et al., 2000) to 34% (Barat et al., 2000) among people
aged 65 years and older. The use of drugs has increased tremendously during the last decade,
particularly in the elderly population. In Canada, for example, the elderly represent 12% of the
population but account for almost 40% of drug use (Barat et al., 2000) and other countries
report similar figures (12% of the population and 31% of prescriptions in the US (Lamy, 1985)
, 18% of the population and 45% of prescriptions in the UK (Kennerfalk et al., 2002) . A study
performed in Denmark revealed that in a population of 75-year-olds, the study participants
took an average of 4.2 prescription drugs and 2.5 over-the-counter drugs (Barat et al., 2000). In
the US, surveys on patients living in nursing homes revealed that they took six to eight
different drugs simultaneously (Broderick, 1997).

2..3 Risk Factors
Polypharmacy has been associated with different risk factors and these can be classified into
three main groups: socio-demographic, health status and healthcare system characteristics.
Advanced age, female gender, white race and low education are socio-demographic risk factors
which increase the probability of polypharmacy (Chrischilles et al., 1992, Bjerrum et al., 1998
& Espino et al., 1998). Health status related risk factors include poor health, low level of selfrated health, multiple diseases, depression, hypertension, anemia, asthma, angina,
osteoarthritis, gout, and diabetes (Chen et al., 2001, Jorgensen et al., 2001 & Fulton et al.,
2005). Predictors of polypharmacy related to the health care system are living in an institution,
number of visits to a primary care provider per year, multiple providers, and supplemental
insurance (Fillenbaum et al., 1993 & Jorgensen et al., 2001).



2..4 Consequences of Polypharmacy
2..4.1 Drug-drug interactions and adverse drug effects
When several medications are used simultaneously, there is an increased risk of drug-drug
interactions and adverse drug reactions (Michocki et al., 1993, Schmader et al., 1994 &
Salazar et al., 2007). Epidemiological studies of risk factors for adverse drug reactions have
shown that the number of concurrently used drugs is the most important predictor of these
complications (Roberts, 1996 and Hanlon et al., 2004). A Swedish prescription database
study of drug interactions in general practice showed that the incidence rate of potential
interactions was 12% for all patients at risk (exposed to two or more drugs) and 22% for
elderly (>= 65 years of age) patients at risk (Linnarsson, 1993). In three other studies from
primary health care the rates of potential interactions for patients exposed to polypharmacy
were 30%, 24%, and 42% (Davidson et al., 1987,Dambro et al., 1988 & Kurfees et al.,
1987).The study of Kurfees et al concerned elderly people (>60 years) and was based on
medical records from general practice (Kurfees et al., 1987). Nearly all patients were taking
two or more drugs and thirty-two percent of the patients were taking five or more drugs
concurrently (major polypharmacy). Potential drug-drug interactions were registered for
42%, and the drugs accounting for the highest percentage of interactions were digoxin,
furosemide, and antidiabetics, which were also the drugs most frequently prescribed.
Although no life-threatening drug-drug interactions were observed, 27% of the interactions
were categorised as serious or potentially dangerous.

2..4.2 Non-compliance
GPs are responsible for about 90 percent of prescribed drugs, but most GPs know from
experience that only some prescribed drugs are used correctly or even at all, and some drugs
are passed on to and used by people for whom they were not intended (Claoue et al., 1986,
Krogh et al., 1987, Torrible et al., 1997 & Agostini et al., 2004). Studies have shown that
only about one third of patients treated in general practice complies fully with the treatment
proposed by the doctor. One third complies partly, and one third does not take the prescribed
drugs at all (Peck CL et al., & 1982Lassen, 1989). Noncompliance is an important reason
for failure in treatment outcome. It may cause serious medical complications, and the risk of
noncompliance has been correlated to the number of drugs used. When the number of drugs


exceeds four to five, a significant increase in medication failure has been observed
(Hemminki et al., 1975,

Hulka et al., 1976, Bloom et al., 1993 & Dukes, 1993).

Polypharmacy has been found to be associated with poor knowledge about own medicine
(Clementsen et al., 1992). Misinformation about the elderly's drug consumption has been
found in several studies, and general practitioners only know some of their patients' entire
regime of medication (Cartwright, 1990).

2..4.3 Drug-related hospital admissions
Studies from many countries have shown that a considerable part of hospital admissions is
precipitated by drug-related problems and iatrogenic illness. In Danish study focusing on
admissions to internal medicine wards at a university hospital, 10% of all admissions were
found to be due to drug related problems (Rosholm ey al., 1998), and 1.2% of patients
showed symptoms caused by drug-interactions. The risk of drug-related admissions was
associated with the number of drugs in use, and elderly individuals were most exposed. It has
been suggested that about one third of drug-related admissions could be prevented, if the
drug regime had been adjusted (and the adjustment followed by the patient) prior to
admission (Hallas et al., 1990).

2..4.4 Increased costs
Polypharmacy may be responsible for unnecessary health expenditures directly due to the
cost of superfluous medication, but also indirectly due to the increased number of
hospitalizations caused by drug-related complications. The beneficial effect of reducing the
occurrence of polypharmacy in the population has been addressed in order to cut down on
expenditures for both physician and hospital services (Famuyiwa, 1988 & Prybys et al.,
2002). A recent study of cost and benefit considerations in relation to adverse drug reactions
found that 5.8% of all admissions to medical wards were caused by adverse drug reactions
and concluded that a reduction in the frequency of adverse drug reactions would reduce the
direct and indirect costs of medical care and also improve people's health (Muehlberger et al.,
1997) .



2. Challenges in properly treating the elderly
An ADR is defined as an injury in response to an administered drug that may require
hospitalization or acute medical attention (Thomas & Brennan, 2000). The risk factors for
ADRs in the elderly are drugdrug interactions resulting from polypharmacy, inappropriate
medication use, multiple comorbidities, and prior ADRs (Atkin et al., 1999 & Hayes et al.,
2007). Patients taking 2 medications have a 13% ADR risk and that risk increases to 38% risk
for 4 medications and 82% for 7 or more medications taken concomitantly (Hayes et al., 2007
& Gallagher et al., 2007). Every medication carries a risk for adverse events; however, some
medications have a higher potential to cause serious problems when used in geriatric patients
(Chutka et al., 2004). In large part, this increased ADR risk is caused by pharmacokinetic and
pharmacodynamic changes that result from the physiological changes of aging. These changes
must be taken into consideration because they can result in prolonged duration of action,
unanticipated and unpredictable dose-response patterns relative to use in younger patients, and
increased risk for toxicities (Chutka et al., 2004). The drug classes commonly responsible for
ADRs are cardiovascular drugs, antibiotics, diuretics, anticoagulants, hypoglycemics, steroids,
opioids, anticholinergics, benzodiazepines, and nonsteroidal anti-inflammatory drugs
(NSAIDs), all of which are essential medications for the elderly (Hayes et al., 2007) .
Symptoms of ADRs may be difficult to distinguish in the elderly because they may present
nonspecifically such as increase in falls, fatigue, confusion, increased sedation, constipation,
urinary retention, and malnutrition. (Chutka et al., 2004 & Gallagher et al., 2007).
A population-based cross-sectional study found that there is an association between
polypharmacy and risk of falls (Ziere et al., 2005). It is important for practitioners to avoid
treating symptoms with another drug without first ruling out the possibility for an ADR
(Chutka et al., 2004). Prevention of ADRs and interventions reducing the number of
medications used by elderly patient are well supported as one strategy to minimize ADR risk,
but additional efforts are needed in most cases. Most ADRs can be anticipated and prevented
with the exception of unexpected events such as an anaphylaxis reaction from an unknown
allergen (Juurlink et al., 2003). When evaluating ADR risk, weigh the predictable risks of an
adverse reaction against the known benefits of the drug (Atkin et al., 1999). Much of the
literature concerning the prevention of ADRs focuses on the technological advancements in
identifying the risk; however, computer systems should only be used as adjunctive measures in
clinical practice. As beneficial as technology is to avert dangerous drugdrug interactions, it
failed to detect up to a third of serious interactions (Juurlink et al., 2003). There is limited


evidence relevant to drugdrug interactions in the inpatient setting, and most of the data are
extracted from case reports and voluntary reporting (Juurlink et al., 2003). Sometimes the
combination of 2 drugs that result in an ADR, is considered appropriate in situations such as
heart failure with the administration of spironolactone plus an angiotensin-converting enzyme
(ACE) inhibitor (Juurlink et al., 2003). Where drug combinations need to be avoided, close
monitoring and dosage adjustments will be essential (Juurlink et al., 2003). Other interventions
that can be made are careful laboratory and patient monitoring, health care professional
education, patient education and counseling, more application of pharmacokinetic principles,
and accurate recording of past ADRs (Atkin et al., 1999). Also, it is important to obtain an
accurate comprehensive medication list of all prescription and over-the-counter drugs. In doing
so, the clinician may be able to discontinue inappropriate medications and identify duplicate
therapy (Atkin et al., 1999). One epidemiologic study reported that out of 42% of the frail
elderly inpatients observed, 8.9% of the medications on the reviewed drug lists, had no
indication for use (Hanlon et al., 2004). Medication regimens should always be reevaluated
intermittently for the efficacy and appropriateness of each drug (Atkin et al., 1999). An
observational cohort study found that contrary to avoiding inappropriate medications, the
problem with the quality of care in the elderly resided with failures to prescribe indicated
medications, monitor medications, educate patients, and maintain continuity of care (Higashi et
al., 2004). Possible reasons for under use of beneficial medications are lack of evidence of
clinical benefit in the geriatric population, fear of polypharmacy, and financial barrier from
lack of health insurance coverage (Higashi et al., 2004). Communication and adequate
documentation among the multidisciplinary team are necessary for continuity of care and to
avoid adverse outcomes (Higashi et al., 2004).

2. Inappropriate medications in the elderly
In addition to the interventions previously discussed to reduce the risk of ADRs and improve
the quality of care, criteria are available to evaluate the appropriateness of use for various
therapeutic agents in the geriatric population (Hayes et al., 2007). Beers criteria provide a list
of medications that should be avoided in the elderly because of the lack of efficacy or risk of
toxicity given safer alternatives (Hayes et al., 2007). The initial Beers criteria, published in
1991, were developed to identify drugs inappropriate for use by nursing home residents. A
1997 update included 28 criteria for classifying medications inappropriate to the general
elderly population and 35 criteria to categorize medications inappropriate for patients with any


of 15 medical conditions (Chutka et al., 2004). A significant limitation in the comprehensive
list was that it included medications that were rarely used in practice (Gurwitz & Rochon,
2002). Beers criteria were last updated in 2002, thus does not address many medications
currently in practice. Additionally, it has been criticized for not addressing all aspects of
inappropriate prescribing such as duplicate drug classes, drugdrug interactions, and
inappropriate duration and frequency of therapy (Gallagher et al., 2007 & Gallagher et al.,
2008). Therefore, Beers criteria should not be used as the gold standard for treatment, but
rather as one guideline and tool in identifying high-risk drugs in the elderly (Gallagher et al.,
2008).

2. Physicians and reducing polypharmacy
To prevent an iatrogenic illness caused by over-prescribing, it is important to consider any new
signs and symptoms in an older patient to be a possible consequence of current drug therapy.
A 10-step approach to help reduce polypharmacy has been described (Table 5). Another way to
avoid adverse drug events is to use lower dosages for older patients. Many popular drugs do
not have effective lower-dosage recommendations from the manufacturers. Physicians should
remember to start low and go slow. Starting with one third to one half of the recommended
dosage may help eliminate potential harmful effects.

Table 2.5 Ten steps to Reduce Polypharmacy
1. Have patients "brown bag" all medications at each office visit, and keep an accurate
record of all medications, including over-the counter medications and herbs.
2. Get into the habit of identification all drugs by generic name and drug class.
3. Make assurance that all prescribed drugs has a clinical indication.
4. Know the side-effect profile of the drugs being prescribed.
5. Understand how pharmacokinetics and pharmacodynamics of aging increase the risk of
adverse drug events.
6. Stop any drug without known benefit.
7. Stop any drug without a clinical indication.
8. Attempt to substitute a less toxic drug.
9. Be aware of the prescribing cascade (treating an adverse drug reaction as an illness
with another drug).
10. As much as possible, use the motto, "one disease, one drug, once-aday."


2.9 Drugs situation in Gaza Strip
The PNA gave more attention for drugs sectors in GS and WB, the thing which lead to
satisfied quality and availability of drugs in governmental sector at normal condition, but the
political restriction was the major cause to disruption of drugs supply. (Obeidallah et al., 2000).
The drugs cost at the private sector is quite expensive due to lack of international competition
for Palestinians pharmaceutical market because Israel applies restriction to protect its own
market (Obeidallah et al., 2000)., in addition to that the deteriorated economic situation has
increase the drugs demands in governmental sector. In comparison with neighboring countries
at the same level of economical situation, consumption of drugs in the West Bank and the Gaza
Strip is very high (Obeidallah et al., 2000). Absence of appropriate drugs policy, and
inadequate source for drugs information, led strong patient demand and over prescription
(Obeidallah et al., 2000). Over use of antibiotics in governmental primary health care in the
Gaza Strip, where it represent33% from total PHC drugs expenditure in 2005 (MOH, 2006), in
1997 48% of patients were prescribed antibiotics (Obeidallah et al., 2000), which is a clear
indicator of irrational use of drugs in Gaza Strip. Over use of antibiotics lead to resistance of
bacteria and ineffective therapy, and finally lead to ineffective cost uses of drugs. Random use
of drugs is a type of wastage, which is worrying problem for PNA, because of scarcity of its
resource.

2.9.1 Development of essential drugs lists (EDL)
It was in 1975 when the first effort from WHO concerning the development of essential drugs
policy was done as a result of recommendation from World Health Assembly in resolution
(WHA), which request WHO to develop means to assist different countries in developing their
pharmaceutical programs such as selection, procurement of drugs based on country health need
(WHO, 1998). In 1977 WHO published the first WHO model list of essential drugs, which
then adopted as one of the eight elements of primary health care during WHO/UNICEF
Conference on Primary Health Care at Alma-Ata, 1978. Followed by many activities to
improve the pharmaceutical situation in countries, such as Conference of Experts on Rational
Use of Drugs in Nairobi in 1985 and in 1986 published Guidelines for developing national
drug policies. The activities are continuous and developed over years (WHO, 1998). At
present, most of WHO Member States had a national essential drug list, in over 90 countries
the essential drugs concept introduced into the pharmacy collage curriculum (WHO,2002). In
Palestine the first step to establish essential drugs list was in 1997 when two list of 550 drugs
in Gaza Strip and 700 Drugs in West Bank independently choosing, then two lists are merged


into one list and compared by WHO EDL , and then the draft list reviewed by World Bank
consultant (WHO, 2000). Finally Palestinian EDL was approved by MOH on March 2000,
followed by training courses on EDL and PNF using (MOH, 2001). All health ministries
including Palestinian MOH determines specific drugs to be available in its PHC centers
according to community priorities. Suitable drugs list will lead reduce the overuse of drugs and
to control expenditures. If the drugs list in Governmental PHC is not suitable, it may success to
reduce drugs use and health care utilization, but it also may increase patient drugs expenditure
from private sector.

2.9.2 Drugs use indicators.
As one action on essential program, WHO develop simple indicator as tool to investigate drugs
use in health facilities, include core drugs use indicator and complementary indicators. Core
drugs use indicators are highly standardized, and don 

 adaptation. It consists

from three major categories; pharmaceutical prescribing practices of health providers, key
elements of patient care covering both clinical consultation and pharmaceutical dispensing and
availability of facility-specific factors that promote rational drugs use. Drugs use indicators
considered as quick and reliable tools to assist different aspects of drugs used in PHC, and
recommended for inclusion in all studies related to drugs use, then the results are more
examination in more detail. Complementary indicators are less standardized, and difficult to
measure (WHO, 1993).

A research result of a study done in Nigeria in 1999 with the support of Action Program of
essential Drugs DAP-WHO itemed by; "The development of standard values for the WHO
drug use prescribing indicators" was introduced during International Conferences on
Improving Use of Medicines (ICIUM). The results were as in following; Average number of
drugs per prescription (1.6-1.8), Percentage of prescriptions with an antibiotic prescribed
(20%-26.8%). However, standards for the indicators may not be globally generalized since the
clinical case mix, which is the main determinant of the indices, may be influenced to varying
degrees by other local factors (Isah et al., 1999). After that, many studies conducted regarding
use indicators and in light of their results the WHO submitted drug recommended standards
values for drug use indicators as following; Average number of drugs per prescription (2),
percentage of prescriptions with an antibiotic prescribed (less than 30%) (WHO, 2006). And



recommend being the availability of essential key drug 100% during different time of month
(WHO, 2006).

2.10 Drug interactions overview
Whenever two or more drugs are being taken at the same time, there is a chance of an
interaction among these drugs. The interaction may increase or decrease the effectiveness of
the drugs or the side effects of the drugs. The likelihood of drug interactions increases as the
number of drugs being taken increases. Therefore, people who take several drugs are at the
greatest risk for interactions. Drug interactions contribute to the cost of healthcare because of
the costs of medical care that are required to treat problems caused by changes in effectiveness
or side effects. Interactions also can lead to psychological suffering that can be avoided. A drug
interaction can be defined as an interaction between a drug and another substance that prevents
the drug from performing as expected. This definition applies to interactions of drugs with
other drugs (drug-drug interactions), as well as drugs with food (drug-food interactions) and
other substances. Amongst possible negative outcomes of drug therapies, drug interactions
pose an important problem. The possible causes of drug related problems (DRPs) lie at
prescribers pharmacists   



           outcomes due

to DRPs are installed at these levels. Any deviation from the intended beneficial effect of a
drug therapy results in a drug-related problem (Johnson & Bootman, 1995). An optimal
therapeutic outcome is only achieved with the absence of DRPs (Hepler & Strand, 1990).

Figure 2.2 Possible approaches to darn the present gaps in defenses on prescriber
pharmacist             

   resulting from a drug

interaction according to the Swiss cheese model. (Reason, 2004)


A drug interaction that is likely to cause an adverse outcome in one patient may have no effect
on another patient. Therefore, it gets more and more important to provide information about
patient risk factors. Bergk et al. revealed that, 11.6% of major or moderate potential drug
interactions are only relevant in predisposed ambulatory patients (Bergk et al., 2004). The
variability among patients can be explained by the influence of a multiplicity of factors like
e.g. advanced age, co-morbidities, pharmacogenetic influences. For example, the increased risk
of hyperkalaemia in a patient treated with an ACEI and a potassium-sparing diuretic who also
is a diabetic with renal impairment is obvious. Drug interactions may occur when two drugs
that have similar (additive) effects or opposite (canceling) effects on the body are administered
together. For example, there may be major sedation when two drugs that have sedation as side
effects are given, for example, narcotics and antihistamines. Another source of drug
interactions occurs when one drug alters the concentration of a substance that is normally
present in the body. The alteration of this substance reduces or enhances the effect of another
drug that is being taken. The drug interaction between warfarin and vitamin K-containing
products is a good example of this type of interaction. Warfarin acts by reducing the
concentration of the active form of vitamin K in the body. Therefore, when vitamin K is taken,
it reduces the effect of warfarin.

2.10.1 Mechanism of drug-drug interactions involving CYP enzymes
The cytochrome P450 enzymes are a group of enzymes in the liver that are responsible for
metabolism of most drugs. The cytochrome P450 (CYP) enzymes constitute a superfamily of
hemoprotein enzymes that are responsible for biotransformation of numerous xenobiotics,
including therapeutic agents. In humans, the major drug-metabolising CYPs belong to enzyme
families 1, 2 and 3, with the main CYP forms being 1A2, 2A6, 2C8, 2C9, 2C19, 2D6, 2E1 and
3A4 (Shimada et al. 1994). Inhibition and induction of these CYP enzymes may result in
toxicity or therapeutic failure, and are the most common causes for drug-drug interactions.
Drugs and certain types of food may increase or decrease the activity of these enzymes and
therefore affect the concentration of drugs that are metabolized by these enzymes. An increase
in the activity of these enzymes leads to a decrease in the concentration and effect of an
administered drug. For example, by increasing the activity of liver enzymes, barbiturates such
as phenobarbital cause the anticoagulant warfarin to be inactivated more quickly and thus to be
less effective when taken during the same time period. Conversely, a decrease in enzyme
activity leads to an increase in drug concentration and effect. For example, drugs such as


erythromycin and ciprofloxacin can increase the activity of warfarin, risking bleeding. When
drugs that affect liver enzymes are used in people taking warfarin, doctors monitor the people
more closely and adjust the dose of warfarin to compensate for this effect. The warfarin dose is
adjusted again when other drugs are stopped. Many other drugs affect liver enzymes, for
example a patient who is deficient in a CYP2D6 may have an adequate therapeutic response
with a low dose of a drug metabolised by CYP2D6 (e.g. simvastatin) compared with patients
with normal or high CYP2D6 activity (Mulder et al., 2001) . When taking a potent CYP2D6
inhibitor (e.g. fluoxetine) there will be no interaction with simvastatin in the CYP2D6 deficient
patient but there might be a substantial increase in serum simvastatin in patients with normal or
high CYP2D6 activity (Hansten, 2003). It is possible to determine a person   
phenotype for many of the CYP isoenzymes, but this is used primarily in research rather than
as clinical tool for predicting drug response. As these procedures become more automated and
less expensive, however, it is likely that they will become more widely used for clinical
management, at least for selected patients (Hansten, 2003).

Some drugs affect the rate at which the kidneys excrete another drug. For example, large doses
of vitamin C increase the urine's acidity and thus may change the rate of excretion and activity
of certain drugs. For example, the rate of excretion may be decreased for acidic drugs such as
aspirin but may be increased for basic drugs such as pseudoephedrine.

2.10.1.1 Inhibition of CYP enzymes
Inhibition of CYP enzymes is the most common cause of metabolism based drug-drug
interactions. The inhibition of CYP enzymes is of clinical importance for both therapeutic and
toxicological reasons. The mechanisms of CYP inhibition can be categorized into reversible
inhibition and mechanism-based inhibition.

2.10.1.1.1 Reversible inhibition
Reversible inhibition is the most common type of enzyme inhibition. Reversible inhibition is
transient and reversible, and the normal functions of CYPs continue after the inhibitor has been
eliminated from the body ( Lin & Lu, 2001). Reversible inhibition can be further classified into
competitive, uncompetitive, mixed-type and non-competitive inhibition (Rodrigues, 2002).
Competitive inhibition is when the binding of an inhibitor to an enzyme prevents a further
binding of a substrate to the active sites of the enzyme. In uncompetitive inhibition, an


inhibitor does not bind to the free enzyme, but binds to the enzyme-substrate complex,
resulting in a nonproductive enzyme-substrate-inhibitor complex. Mixed-type inhibition is
when an inhibitor binds either to the free enzyme or to the enzyme-substrate complex (Lin&
Lu 2001& Rodrigues, 2002). In the case of noncompetitive inhibition, an inhibitor binds to a
nonactive binding site of the enzyme, and the binding has no effect on the binding of substrate,
but the enzyme-substrate-inhibitor complex is nonproductive.

2.10.1.1.2 Mechanism-based inhibition
Mechanism-based inhibition can be mediated by covalent modification of a pyrrole nitrogen in
the prosthetic heme group of CYP or by direct modification of the heme moiety or the
apoprotein (Halpert, 1995). The mode of inhibition is highly specific because the inhibitor
must both bind to and be metabolised by the enzyme (Lehman- Mckeeman et al. 1997). The
inhibitory effect of mechanism-based inhibition is terminated by enzyme resynthesis rather
than inhibitor washout (Mayhew et al. 2000).
One mode of mechanism-based inhibition is the formation of metabolite intermediate (MI)
complexes. Another mode of mechanism-based inhibition is the so-called enzyme inactivation
(or suicide inhibition). Suicide inhibition results from covalent binding of reactive
intermediates to the heme and /or protein of CYP (Lin & Lu 1997; Levy et al 2000). Typical
examples of suicide inhibition are inactivation of CYP1A2 by erythromycin, and inactivation
of CYP3A4 by delavirdine (Kunze & Trager 1993; Voorman et al. 1998).

2.10.1.2 Induction of CYP enzymes
Enzyme induction is less frequently encountered and its development is a slower process in
clinical practice than enzyme inhibition.
Normally, enzyme induction may attenuate therapeutic efficacy as a result of a decrease in
plasma active parent drug concentrations (Park et al. 1996). Human CYP1A1/2, CYP2A6,
CYP2C9, CYP2C19, CYP2E1, and CYP3A4 are known to be inducible (Ronis et al. 1999).
Many drugs including rifampicin, dexamethasone, and anticonvulsants (such as phenytoin,
carbamazepine, phenobarbital and primidone) are important inducers of CYP3A4 and some
other forms (Pelkonen et al. 1998).



2.10.2 Types of drug-drug interactions
Drug-drug interactions can involve prescription or nonprescription (over-the-counter) drugs.
Types of drug-drug interactions include duplication, opposition (antagonism), and alteration of
what the body does to one or both drugs (Hardman et al., 1996).
Duplication: When two drugs with the same effect are taken, their side effects may be
intensified. Duplication may occur when people take two drugs (often at least one is an overthe-counter drug) that have the same active ingredient. For example, people may take a cold
remedy and a sleep aid, both of which contain diphenhydramine or a cold remedy and a pain
reliever, both of which contain acetaminophen. This type of duplication is particularly likely
with the use of drugs that contain multiple ingredients or that are sold under brand names (thus
appearing to be different but actually containing the same ingredients). Awareness of drug
ingredients is important, as is checking each new drug to avoid duplication. For example, many
prescription-strength pain relievers contain an opioid plus acetaminophen. People taking such a
product who do not know its ingredients might take over-the-counter acetaminophen for extra
relief, risking toxicity (Cockshott, 2004).
Opposition (Antagonism):
Two drugs with opposing actions can interact, thereby reducing the effectiveness of one or
both. For example, nonsteroidal anti-inflammatory drugs such as ibuprofen, which are taken to
relieve pain, may cause the body to retain salt and fluid. Diuretics, such as hydrochlorothiazide
and furosemide, help rid the body of excess salt and fluid. If a person takes both types of drug,
the NSAID may reduce the diuretic's effectiveness. Moreover NSAIDs reduce the response to
diuretics, particularly loop diuretics; this effect is due to inhibition of prostaglandin synthesis.
Certain beta-blockers (such as propranolol), taken to control high blood pressure and heart
disease, counteract beta-adrenergic stimulants, such as albuterol , taken to manage asthma.
Both types of drugs target the same cell receptorsbeta-2 receptors, but one type blocks them,
and the other stimulates them (Geppert et al., 2003)
Alteration:
One drug may alter how the body absorbs, distributes, metabolizes, or excretes another
drugAcid-blocking drugs, such as histamine-2 (H2) blockers and proton pump inhibitors, raise
the pH of the stomach and decrease absorption of some drugs, such as ketoconazole, a drug for
fungal infections ( Karas, 1981).


2.10.3 Consequences of drug interactions
Drug interactions may lead to an increase or decrease in the beneficial or the adverse effects of
the given drugs. When a drug interaction increases the benefit of the administered drugs
without increasing side effects, both drugs may be combined to increase the control of the
condition that is being treated. For example, drugs that reduce blood pressure by different
mechanisms may be combined because the blood pressure lowering effect achieved by both
drugs may be better than with either drug alone (Goldberg et al., 1996).
Drug interactions that are of greatest concern are those that reduce the desired effects or
increase the adverse effects of the drugs. Drugs that reduce the absorption or increase the
metabolism or elimination of other drugs tend to reduce the effects of the other drugs. This
may lead to failure of therapy or warrant an increase in the dose of the affected drug.
Conversely, drugs that increase absorption or reduce the elimination or metabolism of other
drugs, increase the concentration of the other drugs in the body, and lead to increased amounts
of drug in the body and more side effects. Sometimes, drugs interact because they produce
similar side effects. Thus, when two drugs that produce similar side effects are combined, the
frequency and severity of the side effect are increased. (Table 2.6) summarizes the most
common drug interactions in elderly patients.
2.10.4 Drug-Disease Interactions
Exacerbation of a disease by a drug given for another reason can occur in any age group but
are especially important in the elderly, who are more likely to have multiple disorders.
Sometimes, drugs that are helpful in one disease are harmful in another disorder. For example,
some beta-blockers taken for heart disease or high blood pressure can worsen asthma and make
it hard for people with diabetes to tell when their blood sugar is too low. Some drugs taken to
treat a cold may worsen glaucoma. People should tell their doctor all of the diseases they have
before the doctor prescribes a new drug. Diabetes, high or low blood pressure, an ulcer,
glaucoma, an enlarged prostate, poor bladder control, and insomnia are particularly important,
because people with such diseases are more likely to have a drug-disease interaction (Fick et
al., 2003).
Drug-disease interactions can occur in any age group but are common among older people,
who tend to have more diseases.



Table 2.6 The most common drug interactions in elderly patients (Jackson et al., 2009).
Drug

Drug

Impact

Mechanism of interaction

Warfarin

NSAIDs

Potential for serious
gastrointestinal
bleeding

NSAIDs increase gastric
irritation and erosion of the
protective lining of the
stomach and decrease
platelet function during
clot formation

Warfarin

Sulfa drugs

Increased effects of
warfarin, with
potential for
bleeding

Warfarin

Macrolides

Increased effects of
warfarin, with
potential for
bleeding

Sulfa drugs inhibit
metabolism of warfarin by
inhibition of CYP 2C9.
Warfarin  
prolonged due to a decreased
production of vitamin K by
intestinal flora during sulfa
drug administration
Macrolides inhibit the
metabolism of warfarin. The
activity of warfarin may also
be prolonged due to
alterations in the intestinal
flora and its production of
vitamin K for clotting factor
production

Warfarin

Quinolones

Increased effects of
warfarin, with
potential for
bleeding

The exact mechanism for the
warfarin-quinolone drug
interaction is unknown.
Reduction of intestinal flora
responsible for vitamin K
production by antibiotics is
probable as well as decreased
metabolism of Warfarin

Warfarin

Phenytoin

Increased effects of
warfarin and/or phenytoin

ACE inhibitors

Potassium
supplements

Elevated serum
potassium

ACE inhibitors

Aldosterone antagonists and
Potassium sparing diuretics

Elevated serum
potassium

Currently unknown, but one
theory suggests a genetic
basis involving liver
metabolism of warfarin and
phenytoin
Inhibition of ACE results in
decreased aldosterone
production and potentially
decreased potassium
excretion.
Additive effects on reduced
potassium elimination

Digoxin

Amiodarone

Digoxin toxicity

Digoxin

Verapamil

Bradycardia and heart
block

Theophylline

Quinolones

Theophylline toxicity



Multiple theories exist, but
actual mechanism is
unknown. Amiodarone may
decrease the clearance of
digoxin, resulting in
prolonged digoxin half-life.
There may also be an
additive effect on the sinus
node activity.
Synergistic effect on sinus
node and atrioventricular
node
Inhibition of hepatic
metabolism of
theophylline by the
quinolones

2.10.5.1 Drug interaction classification systems
It is often difficult to distinguish clinically important from unimportant drug interactions. It has
become unrealistic to expect individual practitioners to read all of the relevant data and
determine on their own which drug interactions are the most important clinically (Hansten et
al., 2001). Accordingly, most books and software evaluating drug interactions use
classification systems to help the health care provider with this process. In the database
Pharmavista  

     sified into     (life-threat / intoxication /

permanent harm), moderate       problems / combination can be
administered but close monitoring required),  (increased or decreased drug effect / only
specific subgroups affected),   igible (Usually induces no or limited clinical effects /
generally no modification of therapy required) and  !      

r

described in particular cases / clinical consequences unclear). Another classification system
divided major drug interactions into those that could be managed by dose adjustment (category
C) and combinations that should be avoided (category D) (Merlo et al., 2001 & Bjorkman et
al., 2002). However, category D still includes drug combinations that can be therapeutically
useful and safely administered under certain circumstances (Bergk et al., 2004). Apart from
dosage, there are further factors modulating the risk arising from drug interactions: Some are
only relevant in predisposed persons; others are blunted if the interacting pair is combined with
further co-medication (e.g., potassium substitution in patients receiving digoxin and a
potassium-sparing diuretic), and yet others only occur when the combination is administered
strict concurrently and can be avoided by temporally separated administration interval of
sufficient length (e.g., aluminium or magnesium antacids combined with ciprofloxacin)
(Bergk et al., 2004). Earlier studies reported frequencies of drug interactions and classified
them according to their potential severity (e.g., major, moderate, minor).

2.10.5.2 Computerized drug interaction screening systems
One of the responsibilities of pharmacists is to prevent patients from unsafe or non effective
drug regimens. In particular they should avoid the dispensing of interacting combinations of
drugs that may cause hazardous adverse effects. In many countries, every community
pharmacy is obliged to use a computerized screening system for this task. Computerised drug
interaction screening software analyses prescriptions prospectively for potential drug
interactions. There is good evidence that electronic decision support by drug interaction


surveillance software in the prescription fulfilment process can reduce the number of
potentially hazardous drug interactions (Tierney et al., 1993, Halkin et al., 2001, & Malone et
al., 2005). Halkin et al. revealed that drug interaction surveillance software in community
pharmacies and physician offices can reduce the dispensing of prescriptions with severe
interactions up to 67.5 % (Halkin et al., 2001). Malone et al. reported that between 20% and
46% of prescription drug claims with 25 clinically important potential drug interactions were
reversed when pharmacies were alerted (Malone et al., 2005). On the other hand, available
systems have been shown to have significant deficiencies (Chrischilles et al., 2002).







3. Patients and Methods
This chapter presents the study methodology. The chapter includes study design, type of study
sample, study population and ethical consideration. Also it presents the instruments which
were used in this study, data collection process, data prescribing and data analysis. Finally, it
presents selection criteria and limitation of the study.

3.1 Study design
This study is a descriptive analytical study, analyzing prescription data from general practices
during a 3-month time period, to measure the prevalence of polypharmacy and medication
errors among chronic elderly patients. This design was chosen because it is the best design to
describe the drugs situation in governmental PHC centers. It is less expensive and enables the
researcher to meet the study objective in a short time. It also studies the cause and effect at the
same point of time and thus provides some possible indication about causation relationships
(Burns and Grove, 1997).
The term                    , general
internists and physicians without specialization. These doctors are regularly consulted in the
primary health care clinics by more than 90% of the population for medical problems or health
advice.


3.2 Setting and time of the study
The study was conducted at the primary health care clinics of the ministry of health in Gaza
Strip-Palestine, between Feb. 2010 to May 2010. The clinics were selected from each different
geographical area (North Gaza, Gaza, Mid-Zone, khanunis, and Rafah) to reflect geographical
representative result.


3.3 Study population
Our target population is elderly patients from both gender (males and females) with chronic
disease/s who attend the primary health care clinics  Gaza Strip -Palestine, but the direct
study populations were the prescriptions and the patient's files, where they conducted all
research objectives.
The sample size was 360 subjects of chronic elderly patients from both genders.



Six primary health care clinics representing all Gaza Strip governorates were participating in
the study, in which each governorate was represented by the main central clinic in this
governorate. Sixty chronic elderly patients were selected randomly from each clinic. However
9 of the collected sample were missed, so the real sample size was 351.

3.3.1 Selection criteria
Subjects who will be eligible to participate in the study are those who meet the following
criteria.

3.3.1.1 Inclusion criteria for clinics
PHC centers of governmental sector.
Central clinics from different governorate were selected.
Clinics that have been working for more than six months.

3.3.1.2 Exclusion criteria for clinics
UNRWA and NGOs clinics.
Clinics out the random sample.
Clinics with special situations (psychiatric clinics, military clinics).
PHC clinics which didn't start working yet or those starting working for less than
six months.

3.3.1.3 Inclusion criteria for prescriptions sample
Prescriptions that were dated in February till May 2010.
Prescriptions written on the official prescription form.

3.3.1.4 Exclusion criteria for prescriptions sample
Prescriptions written on non official prescription forms.
Prescriptions from months other than the above specified months.

3.3.1.5 Inclusion criteria for patients
1. 60 years old and above male and female.
2. Diagnosed as having a chronic disease.
3. Primary health care attendants.


3.3.1.6 Exclusion criteria for patients
1. Subjects who aged less than 60 years old.
2. History of cancer.

3.4 Ethical consideration and procedures
The researcher was committed to all ethical considerations required to conduct research. First,
ethical approval obtained from faculty of Pharmacy Al-Azhar University to carry out the study
(Annex 2). Second, an approval letter was sent to the general director of PHC in Gaza Strip
(Annex 3).

3.5 Data collection and utilized equations
The data was collected from different 6 Governmental PHC centers from 1st Feb. 2010 to 30th
May. The researcher collected the data only. The researcher also revised relevant documents
and made some observations that helped in exploring the reality. Key drugs chosen were
depending of the definition of WHO literature review and consultation with PHC pharmacy
manager and director general of the pharmaceutical stores in MOH.

3.6 Prescribing indicators:
Interested by prescribing pattern; and includes:
Average number of drugs per prescription = total number of drugs prescribed / total
number of prescriptoins surveyed;
percentage of prescriptoins with an antibiotic prescribed = (number of prescriptions
during which an antibiotic was prescribed / total number of prescriptoins surveyed) X 100;
percentage of prescriptoins with an analgesic prescribed = (number of prescriptions
during which an analgesic was prescribed / total number of prescriptoins surveyed) X 100;

Age was distributed into intervals; 60-70, 71-80, 80+.
Drug use and polypharmacy:
Polypharmacy was defined as concomitant use of five or more prescription
medications (Linjakumpu et al., 2002). We adopted the World Health Organization
definition of polypharmacy; which was the concomitant use of five or more drugs
(WHO 1985).


3.7 Data collection
Data was collected directly from the prescriptions and patients files, which contain personal
data for patients like patient age, gender, marital status, body mass index (BMI) and history of
drug allergy. The data extracted, in addition to patient age and gender, included the current
illness, drug treatment for the current illness, chronic disease/s and drug treatment for chronic
disease/s.

3.7.1 Data management
3.7.1.1 Data entry
The following steps were used in data entry
"

           

#     

 



data form sheets

   $  

sciences (SPSS) and EXCELL software .
"

   data form sheets were coded then were entered onto the

computer by the researcher.
%    

data was cleaned to ensure correct entry of data

3.7.2 Data analysis
Data analysis was done by the researcher with support from supervisors.


     

    

&ross tabulation for specific study variables
% 

istical analysis was used to explore the potential relationship between

the study variables, including:


One way ANOVA test



Chi Square test.

P value equal or less than 0.05 was considered statistically significant, with confidence interval
(CI) of 95%.

3.8 Reliability of the instrument
'        

 

      

avoiding interobserver variation.



   

3.9 Limitation of the study
The role of investigator was limited only to reporting the medication related problems and no
intervention was generally done, which may look unethical.

The study was restricted to one health authority; therefore it cannot be assumed that the
results are representative of other health authorities.
(       ituation, where full Israeli siege on the Gaza Strip was in
place. It totally isolated Gaza from all the surrounding areas, thus affecting drugs availability
and use of medication in the governmental PHC centers.
)
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           leads to

increase period of data extraction.

Another limit is that over the counter drugs have not been included in the study.



4. Results
This chapter presents the main results of the study in illustrated and organized tables and
graphs in a comparative way; it illustrates the descriptive analysis for included sample to
reflect the real situation in the primary health care clinics in Gaza governorates. Additionally, it
includes the relationships between selected studied variables concerning polypharmacy, drugdrug interactions as well as the analysis in reference to the WHO drug use indicators.

4.1 Characteristics of the study population
4.1.1 Profile of the study population:
The following figures describe the demographic characteristics of
the study population (Age, gender, place of residence)
A. Distribution by gender:

Figure 4.1Distribution of the study population by gender
Figure 4.1 shows that 54.1% of the study sample were females, and 45.9% were males.



B. Distribution by age group

Figure 4.2 Distribution of the study population by age group
The data collected showed that 59.8% of the study sample were aged 60-69 years,
30.8% were aged 70-79 years, while 9.4% of the study population was
aged 80 years or over. The mean ages were (68.86) years (SD: 7.1)

C. Distribution by governorate

Figure 4.3 Distribution of the study population by governorate
shows that 16.8% of the study population is from the North Governorate, 33.9% from Gaza,
16.8% from the Mid Zone, 15.4% from Khanyonis, and 17.1% of the sample were from Rafah
Governorate. As shown in the figure, the largest proportion was from Gaza because it is the
biggest governorate and it was represented by two clinics.



Table 4.1 Characteristics of the Study Population


Age

Sex

North Gaza

Mid
zone

Khan
Younis

Rafah

Total

60-69

33

77

40

28

32

210

59.8%

70-79

19

38

12

19

20

108

30.8%

+80

7

4

7

7

8

33

9.4%

Male

30

55

29

21

26

161

45.9%

Female

29

64

30

33

34

190

54.1%

The above table shows the characteristics of the study population in each area.
Patients of the age interval (60-69) years are the largest proportion (59.8%) of the sample while
patients aged 80 years or more represents the lowest proportion of the study sample.

4.2 Health profile of the study population.
4.2.1 Chronic morbidity



Figure 4.4 Chronic morbidity of the study population
Figure 4.4 shows that 229 patients (65.2%) have hypertenion, 168 patients (47.9%) have DM,
78 patients (22.2%) have cardiovascular disease, and 33 patients (9.4%) have other diseases
which include bronchial asthma, thyroid dysfunction, dislipidaemia, gout, renal failure, and
glaucoma.



4.2.2 Current morbidity

Figure 4.5 Current morbidity of the study population
The figure shows that 59 patients (16.8%) have gastrointestinal problems, 44 patients (12.5%)
have low back pain and joint disease, 18 patients (5.1%) have allergic conditions, 18 patients
(5.1%) have urinary tract infection, 16 patients (4.6%) with respiratory tract infection, and 5
cases (1.4%) with anaemia.
Table4. 2 Distribution of DM between Governorates


D.M

North

Area

Total

Count
%within DM
Gaza
Count
% within DM
Midle Zone Count
% within DM
Khanyonis
Count
% within DM
Rafah
Count
%within DM
Count
%within DM



-ve
32
17.5%
50
27.3%
36
19.7%
28
15.3%
37
20.2%
183
100%

+ve
27
16.1%
69
41.1%
23
13.7%
26
15.5%
23
13.7%
168
100%

Total
59
16.8%
119
33.9%
59
16.8%
54
15.4%
60
17.1%
351
100%

Table 4.3 Distribution of HTN between Governorates


H.T.N

North

Count
%within HTN

Gaza

Area

Total

Count
% within HTN
Midle Zone Count
% within HTN
Khanyonis
Count
% within HTN
Rafah
Count
%within HTN
Count
%within HTN

Total

-ve

+ve

20
16.4%

39
17.0%

36
29.5%
26
21.3%
22
18.0%
18
14.8%
122
100%

83
36.2%
33
14.4%
32
14.0%
42
18.3%
229
100%

59
16.8%

119
33.9%
59
16.8%
54
15.4%
60
17.1%
351
100%

Table 4.4 Distribution of CVD between Governorates


C.V.D

North

Count
%within CVD

Gaza

Area

Total

Count
% within CVD
Midle Zone Count
% within CVD
Khanyonis
Count
% within CVD
Rafah
Count
%within CVD
Count
%within CVD



Total

-ve

+ve

48
17.6%

11
14.1%

87
31.9%
46
16.8%
45
16.5%
47
17.2%
273
100%

32
41.0%
13
16.7%
9
11.5%
13
16.7%
78
100%

59
16.8%

119
33.9%
59
16.8%
54
15.4%
60
17.1%
351
100%





Table 4.5 Number of drugs prescribed per patient:


N

Proportion

Total No. of Patients

351

100%

On One Medication

46

13.1%

On Tow Medications

68

19.4%

On Three Medications

 

23.1%

On Four Medications

64

18.2%

On Five Medications

47

13.4%

On Six Medications

3

9.4%

On Seven Medications

5

1.4%

On Eight Medications

6

1.7%

On Nine Medications



0.3%














Table 4.6 Patient age and total number of drugs, prescribed by the patients general
practitioner


Total

Categorization of Age
60-69

70-79

8o years



 17 (8.1%)

23 (21.3%)

 (18.2%)

46



 45 (21.4%)

18 (16.7%)

5 (15.2%)

68

 49 (23.3%)

 (22.2%)

 (24.2%)

81

 41 (19.5%)

15 (13.9%)

 (24.2%)

64

 26 (12.4%)

16 (14.8%)

5 (15.2%)

47



10 (9.3%)

 (3.0%)

33


Total no of drugs

Total

 10.5%)



5 (2.4%)

0 (0%)

0 (0%)

5



 (1.9%)

2 (1.9%)

0 (0%)

6



 (0.5%)

0 (0%)

0 (0%)



210



3

351





Table 4.7 The 15 most common chronic medications prescribed

Number of patients ( %)

Medication
 Enalapril 20mg

 

 Aspirin 100mg



37.3%)

 Atorvastatin 20mg



31.9%)

 Glibenclamide 5mg

 

(26.8%)

 Metformin 850mg



25.4%

 Amlodipine 5mg



(19.2%)

 Atenolol 100mg



 %)

 Furosemide 40mg



(17.8%)

 Isosorbide Mononitrate 20,40mg



(16.1%)

 Insulin Mixtard



(14.1%)

 Carbamazepine 200mg



(6.2%)

 Salbutamol 2mg



(3.9%)

 Digoxin 0.25mg



(2.5%)

 Hydrochlorothiazide 25mg



(2.5%)

 Spironolactone 100mg



(2.3%)



(39.3%

Table 4.8 Relationship between polypharmacy and age:
Polypharmacy
Less than 2
Drugs

Age
Category

Minor
(2-4 Drugs)

Total
Major
(5 or more)

(Years)
60-69

70-79

+80







Total

17 (8.1%)

135 (64.3%)

58 (27.6%)

210

23 (21.3%)

57 (52.8%)

28 (25.9%)

108

6 (18.2%)

21 (63.6%)

6 (18.2%)

33

46 (13.1)

213 (60.7%)

92 (26.2%)

351

P value= 0.012
Table 4.9 Relationship between polypharmacy and gender:
Polypharmacy
Gender

P value= 0.5

Less than 2
Drugs

Minor
(2-4 Drugs)

Major
(5 or more)


Total




Male

24 (14.9%)

98 (60.9%)

39 (24.2%)

161

Female

22 (11.6%)

115 (60.5%)

53 (27.9%)

190

Total

46 (13.1%)

213 (60.7%)

92 (26.2%)

351




Table 4.10 Prevalence of polypharmacy between clinics

Polypharmacy

Monopharmacy


Minor
(2-4 Drugs)

Total
Major
(5 or more)

Clinic

Less than 2
Drugs

Sabha

12 (20.3%)

27 (45.8%) 20 (33.9%)

59

Al-Rahma

1 (1.7%)

31 (51.7%) 28 (46.6%)

60

Jabalia

3 (5.1%)

34 (57.6%)

22 (37.3%)

59

Der-Al Balah

4 (6.8%)

49 (83.1%)

6 (10.1%)

59

Khanyonis

12 (22.2%)

34 (63%)

8 (14.8%)

54

Rafah

14 (23.3%)

38 (63.3%)

8 (13.3%)

60

Total

46 (13.1%)

213 (60.7%)

92 (26.2%)

351

P value: < 0.001



Figure 4.6 Comparison of antibiotic included prescriptions in different clinics
P value= 0.005

Figure 4.7 Comparison of analgesic included prescriptions between different clinics
P value: < 0.001



Table 4.11 Relationship between Antibiotics and Analgesics contents and prevalence of
polypharmacy and drug-drug interactions


Sabha
% of Antbs


% of Analgs


AlRahma

Jabalia

Der-Al
Balah

Khanyonis Rafah

P value

6.8%

23.3%

27.1%

8.5%

7.4%

8.3%

0.005

8.5%

23.3%

40.7%

11.9% 3.7%

10%

< 0.001

33.9%

46.7%

37.3%

10.2%

14.8%

13.3%

< 0.001

39%

51.7%

52.5%

22%

29.6%

26.7%

< 0.001

% of
Polypharmacy
% of DDIs

Table 4.12 Prevalence of drug-drug interactions between chronic patients in different
clinics


Sabha

AlDer-Al
Jabalia
Khanyonis Rafah
Rahma
Balah

Total # of interactions
identified

30

53

39

15

20

23

Average # of
interactions per patient

0.5

0.9

0.7

0.25

0.37

0.38

# of patients w/ at least
one potential
interaction

23

31

31

13

16

16

Total # of major
interactions

0

2

0

0

0

0

Average # of major
interactions per patient

0

0.03

0

0

0

0

% of patients w/ at least
one potential major
interaction

0

3.33

0

0

0

0

P value: < 0.001


Table 4.13 Relationship between total No. of drugs per prescription and No. of DDIs
# of Drug in # of cases
Prescription
1

46

% of DDIs
in each
group
0%

# of DDIs
detected in
each group
0

# of patients
with at least
1 DDI
0

2

68

16.2%

11

11

3

81

30.9%

27

25

4

64

53.1%

41

34

5

47

57.4%

36

27

6

33

78.8%

50

26

7

5

40%

6

2

8

6

66.7%

8

4

9

1

100%

1

1

P value: < 0.001

Figure 4.8 Relationship between prevalence of DDIs and age of patients



Table 4.14 Comparison of some drug use indicators between males and females in each
area


North

Average No.
of drug

Gaza

Middle zone

Khanyonis

Rafah

M

F

M

F

M

F

M

F

M

F

3.9

4.2

3.8

4.1

2.9

3.3

2.7

3.0

2.7

3.1

Major PP

36.7% 37.9% 34.5% 45.3% 10.3% 10%

Minor PP

56.7% 58.6% 52.7% 45.3% 79.3% 86.7% 66.7% 60.6% 57.7% 67.6%

% of Antib

26.7% 27.6% 14.5% 15.9% 10.7% 6.7%

4.8%

9.1%

16%

2.9%

% of analg

36.7% 44.8% 12.7% 18.8% 13.8% 10%

9.5%

0%

7.7%

11.8%

DDI

19.0% 12.1% 7.7%

17.6%

46.7% 58.6% 43.6% 46.9% 20.7% 23.4% 28.6% 30.3% 15.4% 35.2%



Table 4.15 Most prevalent drug-drug interactions (DDI).
Number of

Type of interaction

Potential adverse effect

patients with
a specific DDI

ACE-inhibitor Low

dose salicylate

Antidiabetic agentBeta-blocker
Antidiabetic agentNSAIDs
ACE-inhibitor  Diuretics
Calcium blocker Beta-blocker

Aspirin's inhibition of prostaglandin synthesis
may inhibit the release of vasodilating
prostaglandins by ACE inhibitors. (Dzeka et al., 2003)

63

Concurrent use of aspirin may result in decreased
antihypertensive effects of the ACE inhibitor.
Beta-blocker masks the warning signs of

29

hypoglycaemia such as tremor

15

Enhanced hypoglycemic effect
Enhanced hypotensive effect (can be extreme)

12

Hyperkalaemia with potasium sparing diuretics
Increased risk of sever hypotension and heart

11

failure

ACE-inhibitor  Beta-blocker

5

Enhanced hypotensive effect

Aspirin  NSAIDs

5

Increase side effects

Furosemide x Indomethacin

Reduced diuretic effect of furosemide

5

Increased risk of nephrotoxicity

 Digoxin x Furosemide

Increased toxicity of digoxin due to

4

hypokalaemia and hypomagnesaemia induced by
furosemide

Furosemide x Salbutamol

3

Increased risk of hypokalaemia

 Theophylline x Salbutamol

3

Increased risk of hypokalaemia

 Digoxin x Dexamethasone

Increased toxicity of digoxin due to

3

hypokalaemia induced by corticosteroids when
used long term

 Amlodipine x Carbamazepine

2

Enhance effect of carbamazepine

 Digoxin x Spironolactone

2

Enhanced effect of digoxin

 Ciprofloxacin x Theophylline
 Furosemide x Dexamethasone

Increased theophylline serum concentration

2

leading to seizures
Antagonism of diuretic effect

2

Increase risk of hypokalaemia

 Warfarin x Omeprazole

2

Effects of warfarin enhanced by omeprazol

 Indomethacin x Diclofenac Na

2

Increase side effects



5. Discussion
Polypharmacy (use of five or more drugs) was observed in approximately 26.2% of the
study populations. In the literature, the prevalence of polypharmacy in the elderly has been
reported to be between 4% and 78%. (Fulton & Allen, 2005).
The number of drugs used by the elderly chronic patients ranged from 1 to 9 medications.
In line with previous studies, (Reid et al., 2002) the likelihood of drug use tended to grow with
increasing comorbidity.

5.1 Average number of drug per prescription
The average number of drug per prescription was 3.4 drug; and the minimum value per
prescription was 1 meanwhile maximum value was 9 (SD= 1.7). When this indicator was
studied by different governorates, mean number of drug per prescription ranged from 2.8 to 4
among governorates. It was expected that difference refers to different physician attitude and
behavior with socio economical culture variation among different governorates.
The majority of patients were taking a cardiovascular drug. The most common drug groups
were ACE-inhibitors (39.3%), followed by antiplatelets (37.3%), lipid lowering drugs (statins)
(31.9%), beta blocking (18.1), Ca blocker (19.2), nitrates (16.1) and diuretics (22.6). The most
common main therapeutic drugs are presented in (Table 4.7).

We observed an increase in the use of analgesic and antibiotic drugs in some clinics more than
others. However these differences may be attributed to the prescribers themselves, where
several studies have demonstrated large variations in practice patterns of general practitioners
(Calnan, 1988). Thus, considerable variations in prescription rates have been demonstrated
with respect to analgesics, antibiotics, and to the prescription rate in general (Sleator, 1993,
Davis et al., 1994, Bjerrum et al., 1994 & Olesen et al., 1996). There has been much concern
about these variations and their implications for cost and quality of care. The possible causes
for the variations have not been clearly established, but factors related to the prescriber (age
and sex, experience, work load, type of practice, etc.) have been suggested (Davis et al., 1994).
Further, when looking into differences between these clinics regarding the prevalence of DDIs
we found that clinics which consume more analgesics and antibiotics have a higher percentage
of DDIs.



5.2 Gender differences
In most studies of polypharmacy, female sex and high age have been predictors of
polypharmacy (Nolan & O'Malley, 1988), but a few studies have not found this correlation
(Castleden & Pickles, 1988 & Gupta et al., 1996). A Swedish study investigated the differences
between men and women living in the community of Tierp and the number of prescription
medications utilized. It was a retrospective cohort study which reported that women used more
medications than men, with women using an average of 4.8 prescription medications and men
using an average of 3.8 (Johansson et al., 2001).
A higher prevalence of drug use among women was found in this study and a similar trend was
observed for PP. The prevalence of polypharmacy between females (27.9%) was higher than
males (24.2%), although it was not statistically significant. Among the elderly, however, there
were no differences between the sexes in the prevalence of PP. This is in accordance with
Nolan and O'Malley's studies of age-related prescription patterns in general practice (Nolan &
O'Malley, 1987 & Nolan & O'Malley, 1988). They found a steady increase in the proportion of
men taking prescription drugs, while the prescribing rates for women decreased from the age of
70 years, and from this age there was no significant difference between the sexes.
These gender differences in the elderly may be explained by differences in morbidity and
symptoms. Females have for example a higher prevalence of osteoporosis with pain and
chronic venous insufficiency, whereas males are affected by ischemic heart disease earlier than
females. However, there may also be gender-related differences in healthcare utilization, health
behaviour and physicians     

5.3 Polypharmacy with age
Studies of polypharmacy in the population have shown that polypharmacy is most frequently
observed among elderly people (Bjerrum et al., 1997). In our study, the prevalence of PP was
27.6% with age group 60-69, and 25.9% with the age group of 70-79 years, while this percent
declines to 18.2% among elderly patients aged 80 years or more. The prevalence of PP among
very old individuals (>80 years of age) was somewhat lower than among the elderly in general.
Similarly, Helling et al found that the mean number of prescription drugs increased with age
until the age of 85 years for women, and the age of 80 years for men, after which the mean
number of prescription drugs decreased (Helling et al., 1987). Heerdink et al also found a
reduced prevalence of major polypharmacy among very old individuals (Heerdink et al., 1995).


A plausible explanation for this might be that the survivors at high age were the healthiest
individuals ("the survival of the fittest"). Longitudinal studies have indicated a higher mortality
among individuals subject to multiple drug treatment (Incalzi et al., 1992). A Swedish cohort
study of drug users showed that individuals surviving beyond 82 years used fewer drugs at the
age of 70 and 75, compared with those who did not survive to that age (Landahl, 1997).

5.4 Antibiotics included prescription
Regarding antibiotics included indicator the percent of prescriptions that include antibiotics
was 13.7%. When this indicator studied among different studied clinics; the minimum value
per clinic was 6.8% in Sabha center, and the maximum value was 27.1% in Jabalia center. The
percent of pattern antibiotics prescribing per prescription varied by different governorates. The
mean percent of prescriptions that includes antibiotics in the North Gaza governorate is the
highest (27.1%) and Khanyonis reported the lowest percent (7.4%). Antibiotic prescribing was
represented by (13.7%) from all prescriptions. The percent is as recommended by WHO
(>30%) (WHO, 2006). In general the results is lower than others reported by different studies
in Dubai (21%) (Sharif, Al-Shaqra, Hajjar, Shamout, and Wess, 2007) and Norway (48%).
(Lindbaek, 1999)

5.5 Health problems
Our study showed that 65.5% of the study population chronically have hypertension, 47.9% of
elderly have diabetes mellitus, while 22.2% have cardiac diseases, and 9.4% have other chronic
diseases. Our study        

   

,  & 

Bureau of Statistics that found the most common disease affecting elderly is hypertension,
follows diabetes mellitus, and finally heart diseases (Population Reference Bureau, 2007). This
goes along with a case- control study carried out in Israel where a geriatric palliative approach
and methodology to combat the problem of polypharmacy was introduced, assessment of the
case group showed 46% of the patients have hypertension, while 30% of the patients have
diabetes mellitus (Garfinkel et al., 2007). This is quite logical as Palestinians and Israelis have
a common environment that justifies the similarities in co-morbidities findings.

5.6 Multi-morbidity
Polypharmacy may be caused by different drugs used for the same disease but it is also the
result of treating coexisting diseases. I found that the majority of PP users were treated with
drugs from different main therapeutic classes, indicating multi-morbidity. Patient suffering


from only one chronic disease have the lowest percent of PP (16.3%), this percent increases to
(37.6%) for patients with two chronic diseases and (68.8%) for patients with three diseases.
Multi-morbidity increases with age, and population-based studies have shown that
approximately 80% of persons aged 65 or more have at least one chronic health problem
(Kroenke, 1985, Nolan & O'Malley, 1988 & LeSage, 1991). In a study from general practice in
the Netherlands, more than half of individuals aged 65 years or more had 2 or more co-existing
diseases (Van den Akker et al., 1996).
Increased contact with the health system may to some degree be responsible for the high
prevalence of polypharmacy and multi-morbidity among the elderly. People already diagnosed
with one disease consult doctors more frequently than other people. The elderly are examined
more and are therefore more likely to be diagnosed and treated for subsequent conditions
(Berkson's bias). It has thus been demonstrated that the number of conditions suffered is
associated with the risk of getting another disease (Metsemakers et al., 1996). Both crosssectional analysis and longitudinal studies show that the probability of getting one more
chronic disorder increases with the number of concurrent conditions (Knottnerus et al., 1992 &
Metsemakers et al., 1996).
Only a few studies have focused on health problems as predictors of polypharmacy, and none
of them have employed a sample of the general population as study base. In a study of drug use
among patients at a nursing home, the risk of polypharmacy was found to be highest for
patients with cardiovascular problems (Kalchthaler et al., 1977).
By examining the prevalence of polypharmacy for individuals treated for different health
problems, I found that the most decisive predictor of major polypharmacy was the health
problems that were being treated. Thus, drug users treated for cardiovascular diseases, DM and
hypertension had a higher risk of major PP than drug users in general. Where 44.9% of CVD
patients, 32.1% of DM and 27.1% of hypertensive patients are exposed to polypharmacy.
When focusing on major PP at different age groups, I found that cardiovascular drugs and
analgesics were predominant among elderly exposed to polypharmacy.

5.7 Prevalence of DDIs
Our study highlights the high prevalence (37% of patients) of potential harmful drugcombinations prescribed at primary health care clinics; each patient had on average 0.51 DDI


(all types of severity included). These findings confirm the results of similar previous studies,
in which potential DDI were found in 3570% of patients (Di Castri, 1995, Koehler, 2000 &
Egger, 2003).
In our study population, the number of moderate or major DDI was 0.51 per patient. This is
slightly lower than results shown in previous similar studies, which reported prevalence
between 0.55 and 0.60 DDI per patient (Vonbach, 2007 & Vonbach, 2008). This difference
cannot just be explained by the number of prescribed drugs (which were the same in our and
the comparator studies) and may therefore have arisen by chance due to the small sample size.
However, this finding emphasises the need for a careful physician      



combinations at PHC.

0.57% of the patients included in our study had a drug combination with potential for a DDI of
major clinical relevance. This prevalence is lower than the 8.8% found by Egger et al., a study
which had a larger patient population (Egger, 2003).
Johnell et al investigated the relationship between polypharmacy and potential DDIs in older
people in Sweden. They gathered data from the Swedish Prescribed Drugs Register which
holds information about community drug prescriptions for the entire population of Sweden. A
substantial 60% of 75 year olds (n=630,000) were taking 5 drugs and hence were potentially
exposed to the consequences of polypharmacy. 26% of the group had at least one clinically
relevant DDI (the commonest being furesomide and enalapril) that may have warranted dose
adjustment and 5% had at least one serious DDI (the commonest being aspirin and diclofenac)
that should have been avoided (Johnell & Klarin 2007). Since we do not have any other
information it is difficult to ascertain why such combinations were prescribed and whether this
was due to clinical error or whether these drug combinations were clinically indicated. The
results also indicated a strong relationship between the number of drugs dispensed and the risk
of DDIs (Johnell & Klarin 2007).

In our study, the most commonly interacting drugs were cardiovascular drugs. Similarly
Bjerrum and colleagues showed that in primary health care, most of the potential interactions
emerged in patients treated with cardiovascular drugs (diuretics, ACE inhibitors, digoxin, betablockers and calcium channel blockers), NSAIDs, oral antidiabetics, and anticoagulants.
Considering only major potential interactions, the most frequently involved drugs were
potassium-sparing diuretics and anticoagulants (Bjerrum et al., 2003). A study relating to
multiple-drug prescribing by GPs in Germany concluded that the most frequently found drug


pairs implicated in potential DDIs were digitalis/diuretics, digitalis/ calcium channel blockers,
and theophylline/quinolones (Fux et al., 2006). Other authors, looking at elderly outpatients,
found that the most common potential interactions were between beta-adrenergic blockers and
anti-diabetics, followed by potassium-sparing diuretics and potassium preparations (Bergendal
et al., 1995).

5.8 Discussion of the most prevalent DDIs
5.8.1 ACE Inhibitors/Aspirin
In this study the most frequent DDI was ACE Inhibitors/Aspirin were Aspirin's inhibition of
prostaglandin synthesis may inhibit the release of vasodilating prostaglandins by ACE
inhibitors (Dzeka et al., 2003). So the Concurrent use of aspirin may result in decreased
antihypertensive effects of the ACE inhibitor. Several studies have documented decreased
effectiveness of various ACE inhibitors, including captopril, enalapril, and lisinopril following
the addition of aspirin therapy (Viecili et al., 2003) So patients receiving concurrent therapy for
decreased blood pressure control must be monitored and the dosage of aspirin may need to be
reduced or aspirin may need to be discontinued.
5.8.2 ACE Inhibitors / Diuretics
The initial hypotensive effect of the ACE inhibitors is mainly the result of suppression of the
renin-angiotensin-aldosterone system. The ACE inhibitors inhibit the formation of angiotensin
II thereby lowering aldosterone levels with subsequent sodium and water depletion (Heel et al.,
1980). Agents such as the loop diuretics that cause sodium and water loss may exaggerate the
hypotensive state. The addition of an ACE inhibitor to a patient receiving a loop diuretic may
result in severe postural hypotension. This effect is transient and is not expect to occur during
long-term dosing. Symptomatic hypotension may result in patients treated with loop diuretics
who are started on an angiotensin II receptor antagonist. In patients without heart failure, it
may be advisable to discontinue the diuretic, reduce the dose of the diuretic, or increase salt
intake prior to the initiation of the ACE inhibitor. Hypotension is most likely when the ACE
inhibitor is initiated. However, if subsequent hypotension occurs, a dosage adjustment or
discontinuation of one agent may be required (Atlas et al., 1978).



Severe postural hypotension (Ferguson et al., 1980) and transient postural hypotension (Koffer
et al., 1980) has been reported in patients receiving concurrent captopril and furosemide. The
effect is transient and may be more prevalent in patients who are sodium depleted.
Reversible renal failure (Funck-Brentano et al., 1986) and decreased renal function have been
reported in patients receiving concurrent administration with enalapril and furosemide. In a
study in which electrolytes were replaced with saline or Ringer's solution, no postural
hypotension was noted; however, significant decrease in diastolic blood pressure occurred at
three, four, and six hours after concurrent administration (Van Hecken et al., 1987).
5.8.3. Antidiabetics/NSAIDs,Salicylates
Although in general NSAIDs do not appear to interact with antidiabetics, it seem to cause a
consistent lowering of blood glucose levels (probably by inhibiting the metabolism of the
sulphonylureas), which has resulted in severe hypoglycaemia in a number of cases (Cherner et
al., 1963). Salicylates appear to have intrinsic glucose lowering properties via several proposed
mechanisms. Also, salicylates may cause protein binding displacement of antidiabetics.
Decreased renal clearance may also occur, so a potentiation of hypoglycemic effects may be
observed.
Hypoglycemic signs and blood glucose levels should be monitored. A reduction in the dosage
of the sulphonylurea may be necessary to avoid excessive hypoglycaemia. Particular caution
should be taken when NSAIDs or salicylates are started or stopped in patients previously
stabilized on antidiabetics (Hauck 1973).
5.8.4 Digoxin/Diuretics
The association between digoxin and loop and thiazide diuretics proved among the most
important drug interactions, causing a dose-dependent reduction in serum potassium and
magnesium (Eichhorn & Gheorghiade 2002). This reduction increases the arrhythmogenic
effects of digoxin, particularly in patients with cardiac ischemia and heart failure (Smith et al.,
1984).
Although this drug (digoxin) has been used for more than two centuries, its role in the
management of chronic heart failure has been more precisely defined by recent clinical trials
showing that digoxin therapy was associated with no beneficial effects on mortality, but only


with a reduction in clinical symptoms and in the frequency of heart failure-related
hospitalization (Ahmed et al., 2006). Therefore digoxin, even at low doses, is currently
considered most beneficial in symptomatic patients who are already undergoing adequate
diuretic therapy and taking ACE inhibitors with or without beta blockers (Adams et al., 2006).
The relationship between diuretic-induced electrolyte depletion and digitalis-induced
arrhythmia, as well as the connection between the toxic effects of digoxin and the use of antiarrhythmic drugs, is known and widely accepted (Belz et al., 1983 & Whang et al., 1985). In an
intensive-care study, patients treated with digitalis and diuretics had an approximately 1.5-fold
higher risk of digoxin toxicity compared to those treated with digitalis alone (Lehmann et al.,
1978).

Potassium-sparing diuretics were prescribed along with ACE inhibitors, by the physicians
participating in this study. The risk of hyperkalemia due to this association is well documented
in the literature. Many authors reported life-threatening hyperkalemia in patients treated with
spironolactone associated with ACE inhibitors or sartans (Schepkens et al., 2001).

5.8.5 Antidiabetics\-blockers
Severe hypoglycemia represents a major risk in diabetic patients treated with insulin or
sulfonylureas, a dangerous iatrogenic complication that is frequently present in type 1 diabetic
patients with advanced diabetic nephropathy (M-

    ., 1991). Undisturbed awareness

of hypoglycemic symptoms enables patients to recognize early low plasma glucose
concentrations and prevent any further decrease of blood glucose. Theoretically, -blockers
could diminish the adrenergic counter reaction to low blood glucose concentrations. The
impact of -blockade on hypoglycemia has been addressed in several experimental
investigations (Hirsch et al., 1991). Some of these studies described a diminished occurrence of
tremor and heart pounding under -blockade (Clausen-Sj.   ., 1987).
Moreover, glycogenolysis and gluconeogenesis in liver are stimulated through 2-receptors.
Blockade of these receptors could prolong recovery time from hypoglycemia. Under
unselective -blocker treatment, such prolongation of hypoglycemia has been described (Lager
et al., 1979). Under 1-selective -blocker treatment, however, the recovery from
hypoglycemia was not impaired in patients with insulin or oral hypoglycemic agents (Corrall et
al., 1981).



5.8.6 Ciprofloxacin\ Theophylline
Ciprofloxacin is an inhibitor of the hepatic CYP 1A2 enzyme pathway. Co administration of
ciprofloxacin and theophylline which is primarily metabolized by this enzyme, can lead to
elevated, toxic blood levels of theophylline. Theophylline is used to open airways in the
treatment of asthma. Toxic levels of theophylline can lead to seizures, and disturbances in heart
rhythm. If concurrent use of ciprofloxacin and theophylline cannot be avoided, frequent blood
tests to monitor theophylline blood levels are recommended (David et al., 2006).
Our data suggest a positive correlation between the number of prescribed drugs as well as
increasing patient age and number of potential DDI, similarly to a previous study showing that
both variables are indeed two of the major, if not the most important, risk factors for DDI.
(Egger, 2003).
As already shown by other similar studies (V/+  +, 2005), NSAIDs were the most frequently
involved drugs among all detected DDI and were implicated in 45% of all cases, followed by
ACEI 33.3%, BB 18.9%, oral hypoglycemics 17.8% and diuretics 12.2%. These potential DDI
were almost all of moderate degree and involved either a pharmacokinetic mechanism, or a
pharmacodynamic additive effect. This kind of risk can be managed and requires appropriate
prescribing, monitoring, and patient education.



6. CONCLUSIONS
This thesis has measured the prevalence of polypharmacy among elderly patients with chronic
diseases at PHC in Gaza Strip where the public health policies have tried to minimize it.

Polypharmacy, defined as use of five drugs or more, was common.

Polypharmacy (use of five drugs or more) is more prevalent among elderly patients with
multiple diseases.

Female patients consume drugs more than male.

There were some regional differences in drug utilization not explained by morbidity,
suggesting some variations in prescribing behaviors.

The three most commonly used main drug classes were in good agreement with the
pattern of morbidity in old age: cardiovascular system drugs, antidiabetic drugs and
analgesics.

In general, patients who consume more drugs, gets a higher risk of drug-drug interactions,
which are either pharmcokinetics or pharmacodynamics.

Analgesics (mainly NSAIDs) are highly involved in drug-drug interactions.

Age, sex and type of disease are some of the determinants of polypharmacy.



7. Recommendations
Continuous health education programs for the elderly people is needed to raise their
awareness about the disease, medications, possible side effects,

Pharmacists should have a role in reducing polypharmacy and its consequences.

Qualitative studies are needed to study patient and prescriber related factors that may lead to
polypharmacy and how they interplay.
Patients $

      , health and expectations may play a role in reducing

this phenomenon.

Health care providers should have a better knowledge about different types of drug treatments,
new drugs and also know better how to use these resources in order to improve health.

Interventions should be made to improve the appropriateness of prescribing in elderly patients,
such as training in geriatric pharmacotherapy, development of geriatric medicine services and
involvement of pharmacist in patient care.

Education program, training, and compliance of physician in standard treatment
protocol and using of patients file are necessary for more rational and safer drug
prescribing and efficiency of drug use.

Change of analgesics prescribing behavior by reinforcement of the knowledge of
the adverse effects of different analgesics and the availability of relatively safer
alternatives.

Continually update the essential drug list is necessary to improve rational drug use.

Introduction of computers in practice may facilitate the supervision of drug use. Furthermore,
electronic data registration of prescriptions in general practice makes control of possible
interactions possible


Future research should focus on studying the optimal strategy to improve prescribing practices
and monitoring, particularly among high-risk patients or patients taking high-risk medications
and studying interventions performed to prevent potential problems or correct any actual
problems reported.
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