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Abstract Objective: The widespread use of pharmaceu-
ticals prescribed by different physicians has caused the
Swedish government to propose a new legislation with
registration of all prescriptions dispensed at the Swedish
pharmacies. In the present study, we wanted to examine
the frequency, distribution and determinants of potential
drug interactions. Methods: The prescriptions from all
individuals (n=8,214) with two or more prescriptions
during October 2003 to December 2004 were collected
from the ongoing Jdmtland cohort study of a total of about
11,000 individuals. Potential drug—drug interactions were
detected with a computerized interaction detection system
and classified according to clinical relevance (types A-D).
Results: On average each individual filled 14.6 (men
14.3, women 14.8) prescriptions during the study period.
3.6% of the individuals used more than 15 different drugs.
The number of detected potential drug interactions type
A-D was 4,941 (men 1,949, women 2,992). The risk of
receiving a potential interaction type A—D was estimated
as the cumulative incidence 0.26 (2,116/8,214) overall,
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0.22 (748/3,467) for men and 0.29 (1,368/4,747) for
women during the 15-month study period. The age
adjusted risk, RR,q;, for women was estimated as 1.30.
Excluding sex hormones and modulators of the genital
system, the RR,4 was 0.96, with no elevated risk for
women. For potential interactions type D, that might have
serious clinical consequences, 167 (cumulative incidence
0.0203) individuals (72 men, cumulative incidence
0.0208, 95 women cumulative incidence 0.0200) were
detected. The risk of receiving a combination of
potentially interacting drugs was positively correlated to
age and polypharmacy. The cumulative incidence for
elderly was estimated as 0.36 (65-84 years) and 0.39
(85 years and above). The relative risk for individuals with
15 drugs or more was estimated as 3.67 (95% CI 3.46—
3.90). Conclusion: In a general population there were
relatively few severe potential drug interactions. The new
Swedish national pharmacy register will provide health
care professionals with a powerful tool to systematically
review all prescriptions. An alert system should focus on
the more potential drug interactions, type C-D, with close
monitoring of elderly and patients with polypharmacy.
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Introduction

Drugs can be used in combinations to obtain a desired
therapeutic objective or to treat coexisting diseases. Such
combinations may result in undesired interactions of a
pharmacokinetic or pharmacodynamic nature resulting in
undertreatment or toxic effects. The problems of polyphar-
macy and interactions are well known phenomena in
general health care. However, the frequency of significant
adverse drug interactions in the general population is
unknown. Many individuals use multiple drugs (polyphar-
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macy) which may multiply the effect in an unintended
direction. The widespread use of pharmaceuticals, pre-
scribed by several physicians unaware of each other,
increases the risk of polypharmacy and drug—drug interac-
tions, not at least among the elderly [14, 29, 36].

The Swedish government has approached the problems
arising with the increasing use of drugs in the society. The
development within the pharmaceutical arena has been
very dynamic during the last 50 years. New chemical
entities represent major therapeutic progress within many
health care sectors. More diseases can be cured or
alleviated resulting in an increase in quality of life.
However, the new pharmaceutical therapies also have
disadvantages. Adverse effects can lead to distrust, reduced
compliance and even impaired symptoms and health status
[1]. Furthermore, drug interactions are recognized as a
cause for admissions to hospitals, especially for the elderly
[9, 18].

A new individual-based national pharmacy register in
Sweden is an attempt to manage the complexity of the
problems [1]. The purpose of the national pharmacy
register is to provide conditions for safer prescribing by
making prescription purchase information available for the
registered individuals, and also for all prescribers and
pharmacists at all pharmacies after conditioned consent
from the registered individual.

The national pharmacy register will contain the name
and social security number of the registered individual
along with day of purchase, product, prescribed amount
and dosage. The information will be available for
prescribers, pharmacists and the registered individual for
15 months. After that period, the material will be available
for research only. The mandatory registration is in action as
of July 2005.

The present study, based on an ongoing cohort study in
the county of Jimtland, was conducted in order to examine
the frequency, distribution and determinants of potential
drug interactions. Most studies of drug interaction in
clinical practice are limited to the elderly [30, 42], a short
period [25, 30] or to particular health care settings [7, 22].
With a random sample of subjects of all ages, representa-
tive of the general population, for an extended period of
time, our study was designed to mimic the new national
pharmacy register, as it will be presented for prescribers
and pharmacists in Swedish health care.

Methods
Study design and participants

The present study enrolled individuals from the Jimtland
cohort study [5]. Jamtland is a small county (1.4% of the
Swedish population) in the northwest part of Sweden. The
proportion of persons aged 65 years and older was 20% in
Jamtland in year 2004 as compared to 17% in all of
Sweden. The county is mainly rural with one large town.
The cohort contained all inhabitants born on the same
4 days each month. During the study period, 11,216

individuals were included (9% of the total population) in
the cohort. All individuals included are informed and may
leave the cohort whenever desired. However, the drop-out
from the cohort is very low. Since year 1970, all ordinary
prescriptions dispensed at pharmacies within the county are
registered. In year 2004, 81% of all drugs prescribed to
persons in Jamtland were dispensed as ordinary prescrip-
tions at pharmacies in Jimtland and thereby available for
the data collection. Data recorded included the social
security number (giving age and gender), the drug and
amount dispensed, the dosage and the time of dispensing.
Data were recorded through Apoteket AB, the national
corporation of Swedish pharmacies. In the present study,
all individuals in the Jdmtland cohort who collected two or
more ordinary prescriptions at pharmacies within the
county of Jamtland during the period October 2003—
December 2004 were included. The age distribution in the
Jamtland cohort was 0-14 (10%), 15-64 (64%), 65-84
(22%) and 85+ (3%) years as compared to 0—14 (9%), 15—
64 (61%), 65-84 (26%) and 85+ (4%) years for the study
population.

The chosen study variables and the length of the study
period, October 2003 to December 2004, were intended to
mimic the new national pharmacy register which will make
prescriptions of an individual available for 15 months for
prescribers, pharmacists and the registered individual. By
including similar information as the national pharmacy
register will do, the design of the present study provides a
model to study the new register. During the 15-month study
period, the included subjects’ prescriptions were recorded
with date of sales, the drugs named by trade name and by
the Anatomical Therapeutic Chemical (ATC) Classification
System [39], along with information about the individual,
including blinded individual number, gender and age. The
criteria for inclusion in our study was that each individual
in the cohort had filled two or more prescriptions during the
study period at the pharmacies in the county of Jamtland,
Sweden.

Each individual may be subject to one or more potential
drug interactions by two or more drugs in combination. An
individual may also fill prescriptions with the same generic
entity several times during the study period. One single
drug combination may also give rise to multiple interac-
tions of different mechanisms. In the present study, we
have registered the above mentioned interactions as one
potential interaction for each individual.

Individuals residing in hospitals or in nursing homes
without ordinary prescriptions were not included in the
study.

The drug—drug interaction has been defined as ‘when the
effects of one drug are changed by the presence of another
drug’ [36] or more explicitly when a ‘pharmacological or
clinical response to the administration of a drug combina-
tion is different from that anticipated from the known
effects of the two agents given alone’ [38]. In the present
study, we did not evaluate the actual outcome, but rather
the risk of receiving prescriptions with potential drug
interactions. We refer to the term ‘potential drug interac-
tion’ as ‘the possibility that one drug may alter the intensity



of pharmacological effects of another drug given concur-
rently. The net result may be enhanced or diminished
effects of one or both of the drugs or the appearance of a
new effect that is not seen with either drug alone’ [14].

In the present study, the definition of the general
expression ‘drug’, was defined as the chemical entity or
substance, which is the 5th level in the ATC classification
[39].

Interaction detection

Potential drug—drug interactions were detected with a
computerized interaction detection system, based on the
interaction database published in Pharmaceutical Special-
ities in Sweden 2003. The drugs were matched by ATC
code for each subject using an interaction classification
system [35]. Each potential interaction was classified by
type A, B, C or D (Table 1) according to the clinical
relevance.

Statistical analysis

The frequencies of potential drug interactions in the study
were compiled both for the subjects and the number of
interactions. The distribution of potential drug interactions
was stratified for age groups, gender and number of drugs
on an individual basis. If not stated otherwise, the age strata
used were 0—14, 15-64, 65-84 and 85 years and above.

The cumulative incidence was used as a measurement of
the occurrence of potential drug interactions in the study
population. The cumulative incidence can be seen as a
measurement of the average risk on an individual level,
conditioned that the risk is defined as the probability of an
individual obtaining drugs with a potential interaction
during the study period. The cumulative incidence was
calculated as cumulative incidence =n/N where n denotes
the number of individuals receiving drugs with potential
interactions during the study period, and N all the subjects
at risk (all included individuals with two or more
prescriptions) at the beginning of the study.

Table 1 Drug—drug interactions are classified by clinical relevance
[33]

Drug Clinical relevance

classification

Type A Probably no clinical relevance.

Type B Clinical relevance not completely assessed.

Type C The interaction may modify the effect of the drug,
however this can be mastered by individual dose
adjustment, and/or by determination of the plasma
concentration of the drug.

Type D The interaction may have serious clinical conse-

quences, such as severe adverse effects, no effects,
or the modified effects may be difficult to control
by individual dose adjustment.
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The cumulative incidence always ranges from 0 to 1. It
should be observed that the cumulative incidence was
applied to the time period 15 months. The relative risk, RR,
for one group compared to another was estimated as the rate
ratio between cumulative incidences, RR=cumulative
incidence;/cumulative incidence,. Cumulative incidence;
denotes the cumulative incidence of a potential drug interac-
tion in the observed group, and cumulative incidence, refers to
the cumulative incidence in the cohort less the observed
group. The relative risk was used as an effect measure of the
strength of the association. When RR equals unity (=1) there is
no difference between the compared groups [31]. RR with a
95% confidence interval (95% CI) including 1 was considered
not statistically significant. Episheet (http://members.aol.com/
krothman/episheet.xls) was used to calculate RR with 95% CI.

Statistix 8 (Analytical Software, Fla., USA) was used for
descriptive statistics and all p-values were tested with two-
sample #-test. Standard deviations, SD, were two sided.
p<0.01 was regarded significant.

Results
Descriptive statistics

During the study period, October 2003 to December 2004,
8,214 individuals (Table 2) were included, filling two or
more prescriptions, at pharmacies in the county of Jimtland.
Of the individuals, 58% (n=4,747) were women and 42%
(n=3,467) were men. The mean age of the study population
was 50.1 years (SD 22.9). There was no difference (p=0.25)
between the mean age for men (49.9, SD 22.6) and women
(50.5, SD 23.3).

A total of 119,920 prescriptions were recorded during
the 15-month study period and each individual filled on
average 14.6 (SD 16.5) (men 14.3, SD 15.6, women 14.8,
SD 17.1) prescriptions, without any difference (p=0.16)
between men and women. We were not able to process 857
prescriptions lacking ATC classification, mostly extempo-
raenous preparations.

The frequency distribution showed that most individuals
(54.5%) filled prescriptions for four or less different drugs
during the study period; the mean number was 5.53, SD
4.22 (men 5.32, SD 4.01, women 5.69, SD 4.36). On
average, women used a larger variety of drugs than men
(p=0.0001). 11.3% of the individuals filled prescriptions
for more than ten different drugs, and 3.6% used more than
fifteen different drugs. The most extreme individual used
53 different drugs during the period. The mean number of
drugs per individual increased with age from 3.4, 4.8, 7.6 to
8.0 in the respective age strata.

The number of detected potential drug interactions type
A-D were 4,941 (men 1,949, women 2,992). Of the 8,214
individuals at risk, 2,116 individuals (748 men, 1,368
women) filled prescriptions with potential drug interactions
type A—D during the period, i.e. each individual could have
more than one potential drug interaction.
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Table 2 Characteristics of all subjects and per gender

Variables All Men Women
(n=8,214) (n=3,467) (n=4,747)
Age (years)” 50.13+£22.87 49.88+22.59 50.47+£23.26

No. of prescriptions (mean)

No. of potential drug interactions
Type A-D

Type D

119,923 (14.60)

4,941
237

49,590 (14.30) 70,333 (14.82)

No. of individuals with potential drug interactions (cumulative incidence)®

Type A-D
Type D

2,116 (0.258)
167 (0.0203)

1,949 2,992
108 129

748 (0.216) 1,368 (0.288)
72 (0.0208) 95 (0.0200)

*Values are means+SD (standard deviation)

*Individuals with potential drug interactions were counted only once, independent of the number of potential interaction events by
different combinations of drugs, number of refills, number of generic substances or drug combinations interacting by multiple mechanisms.
Number of potential drug interactions may originate from different drug combinations and multiple interaction mechanisms, but not

from refills or different generic products

For potential interactions type D, that might have serious
clinical consequences, 167 individuals (72 men, 95
women) were detected.

Risk estimation
Age

The mean age of the study population was 50.1 years (SD
22.9). The mean age of individuals with detected
potential drug interactions was 62.8 (SD 17.4). The
cumulative incidence for each age group were cumulative
incidencey_;4 0.032 (23/718), cumulative incidence;s_g4
0.24 (1,189/5,028), cumulative incidencegs_g4 0.36
(788/2,167), cumulative incidencesgs 0.39 (116/301).
The estimated relative risk RR was increasing with age
for each strata RRy 14 0.11 (95% CI: 0.077-0.172),
RR15764 0.81 (95% CI: 0767087), and RR65784 1.66
(95% CI: 1.54-1.78). For the strata 85 years of age and
above RR.gs 1.52 (95% CI: 1.32-1.77) there was a slight
decline. The cumulative incidence for type D interactions
were estimated as cumulative incidencep o 14 0.001
(1/718), cumulative incidencep 15_¢4 0.014 (72/5,028),
cumulative incidencep 554 0.038 (82/2,167), and cu-
mulative incidencep >gs 0.040 (12/301) (Table 3).

Gender

The risk of receiving drugs with a potential interaction type
A-D was estimated as the cumulative incidence 0.26
(2,116/8,214) overall, 0.22 (748/3,467) for men and 0.29
(1,368/4,747) for women (Table 2). The RR for women
was estimated as 1.34 (women/men 0.29/0.22) (95% CI:
1.24-1.44). Adjusted for age the RR,q for women was
1.30. The stratified analysis revealed that there was a
difference only in the age strata 15-64; RR was estimated
as 1.61 (95% CI: 1.44-1.80). With the ATC group GO03 (sex
hormones and modulators of the genital system) excluded,

none of the age strata showed a different risk of receiving
drugs with a potential interaction type A—D for women
relative men. The age adjusted RR,q; with GO3 excluded
was estimated as 0.96.

For clinically relevant interactions type D, that might
have serious clinical consequences, the cumulative inci-
dence was estimated as 0.0203 (167/8,214), 0.0208
(72/3,467) for men and 0.0200 (95/4,747) for women.
RR for women compared to men was 0.96 (women/men
0.0200/0.0208) (95% CI: 0.72-1.30). None of the age
strata showed a difference between men and women in the
risk of obtaining drugs with potential interactions type D.

Polypharmacy

The risk of receiving drugs with a potential drug interaction
showed a proportional positive linear relationship (coeffi-
cient of determination, R*=0.97) with the number of drugs
used during the study period. For individuals with two
drugs the cumulative incidence was estimated as 0.05
(98/1,989) compared to individuals with more than 15
drugs 0.86 (254/294). The RR for individuals using more
than 15 drugs was estimated as 3.67 (95% CI: 3.46-3.90).

Dype C interactions

The most frequent potential drug interaction was of the
type C (Fig. 1), which may modify the effect of another
drug (Table 1). The age distribution of potential interac-
tions type C displayed a bimodal distribution. In the age
strata 15—64 years, 369 women had a potential interaction
with drugs in the ATC group GO03, of these women 318
(86%) had a type C interaction. After excluding GO3, the
curve was normal, negatively skewed and the residual peak
showed a mean of 64.7 years of age (median 66 years, Q1
56 years, Q3 77 years) (Fig. 2).

For the age group 56-77 years, the most common
potential type C interactions were nonsteroidal antiinflam-
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Variables All 0-14 15-64 65-84 85

(N=8,214) (N=718) (N=5,028) (N=2,167) (N=301)
Women—no. (%) 4,747 (58) 333 (46) 3,015 (60) 1,210 (56) 189 (63)
Prescriptions—no. (mean) 119,923 (14.60) 3,998 (5.57) 59,590 (11.85) 49,491 (22.84) 6,844 (22.74)
Potential drug interactions—no.
Type A-D 4,941 38 2,569 2,077 257
Type D 273 2 116 105 14
Individuals with potential drug interactions—no. (cumulative incidence)®
Type A-D 2,116 (0.258) 23 (0.032) 1,189 (0.236) 788 (0.364) 116 (0.385)
Type D 167 (0.0203) 1 (0.001) 72 (0.014) 82 (0.038) 12 (0.040)

Individuals with potential drug interactions were counted only once, independent of the number of potential interaction events by different
combinations of drugs, number of refills, number of generic substances or drug combinations interacting by multiple mechanisms. Number
of potential drug interactions may origin from different drug combinations and multiple interaction mechanisms but not from refills or

different generic products

matory drugs, NSAID, in combination with (3-blocking
agents (228 individuals), diuretics (172 individuals), and
ACE-inhibitors (94 individuals). ACE-inhibitors also
interacted with furosemide (147 individuals), insulins (76
individuals) and metformin (69 individuals).

Type D interactions

Potential drug interactions of the clinically significant type
D (Table 1), were less frequent and constituted a minor
portion at 7.9% (167/2,116) of the potential interactions
detected. The age distribution showed the same distribution
as the type C interactions adjusted for G03, with a median
at 66 years (Q1 57 years, Q3 77 years). The most common
potential type D interactions for the age group 57-77 was
ipratropium with (32- adrenoreceptor agonists (30 indi-
viduals), NSAID with methotrexate (16 individuals) and
with warfarin (10 individuals), 3-blocking agents with
verapamil (7 individuals), and organic nitrates with
sildenafil (5 individuals).

40

@
o
1

n
o
1

Number of individuals
>
1

Age (years)

Fig. 1 Frequency distribution of potential drug interactions type A,
B, C and D according to age

Discussion

In a general population there were relatively few severe
potential drug interactions. The risk of receiving drugs with
a clinically relevant potential interaction type D is only
present for 2 of 100 patients with two or more drugs. The
potential drug interaction type C, which can be avoided by
adjusting the dose and monitoring the effect or the plasma
concentration, was ten times more frequent than the type D
interaction.

Reports on actual drug interactions are not always well
documented and can be based on animal data, in vitro data,
small samples or case reports, and controlled studies are
often restricted to healthy volunteers [34]. As a model for a
national pharmacy register, our study only evaluated
potential drug interactions and were not designed to
estimate the incidence of actual drug interaction events.

40 o C
o C adjusted

(]
o
1

Number of individuals

Age (years)

Fig. 2 Frequency distribution of potential drug interactions type C,
before and after adjusting for ATC group GO3 (sex hormones and
modulators of the genital system)
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Limitations

The potential drug interactions detected in the present
study were probably slightly underestimated since only
prescribed medications were included, but not over-the-
counter nonprescription medications, herbal or home
remedies [12, 16, 19, 37, 40, 41]. Moreover, drugs
dispensed in hospitals and nursing homes without ordinary
prescriptions were not included in the study.

On the other hand, the study might also have over-
estimated potential interactions since the time relationship
for the concurrent use of drug combinations has not been
evaluated during the study period.

The fact that the population in the Jimtland cohort is
older than in Sweden in general might also imply an
overestimation of the cumulative incidence of potential
interactions among the elderly. However, it did not have
any effect on the risk estimates. The validity of the
Jamtland cohort was explored by comparing the 20 most
common classes of drugs, at the 2nd level in the ATC-
system, measured as defined daily doses, DDD/1,000
inhabitants/day in the cohort with the 20 most common
classes for all of Sweden. The same groups were the most
common in both cohorts but some differences in the level
of use were found.

Incidences and Polypharmacy

The cumulative incidence 0.0203 of potential drug
interactions type D in our study was lower than previously
reported in the range 4-8% [4, 13, 29, 36]. The differences
might be explained by the choice of study design, study
population, frequency measures, classification system and
inclusion criteria, e.g. age and health status, and the actual
setting of the study with higher incidences for studies in
high risk settings like emergency departments and lower
incidences for the general elderly population. When
comparing severe and clinically potential drug interactions
often considerably lower incidences have been reported in
the magnitude of 1.4% [25], or even lower incidences when
taking into account concurrent use of the drug combina-
tions; 1.9/1,000 patient year [7], supporting the findings in
our study.

We found that the risk of receiving drugs with a potential
drug interaction was strongly correlated to the number of
drugs dispensed, which is supported by previous studies
[20].

The elderly

In our study, the two elderly groups used on average 7.6
(65—84 years) and 8.0 (85 and above) different drugs
during the 15-month study period. The level of the
estimated cumulative incidencegs g4 0.36 and cumulative
incidence-gs 0.39 for potential drug interactions type A—D
were well in accordance with other studies [2, 4, 8, 21],

indicating an increased risk (RRgs_g4=1.66 and
RR.g5=1.52) for elderly.

For the more severe type D interactions the cumulative
incidences were estimated as 0.038-0.040 for the two
groups of elderly, which were similar as previous findings;
3% [2], 4.4% [30] and 8% [4] .

The elderly, who may have an increased susceptibility
due to an impaired function of several vital organ systems,
frequently use multiple drugs [6, 8, 23, 24, 42]. Drug
interactions in the elderly are often predictable and
therefore represents avoidable health care costs and
patients sufferings [33].

Potential drug interactions for elderly patients occur at a
high rate 22% [22], 31% [2], 46% [4]. In a Danish study of
the elderly, one-third were exposed to polypharmacy and,
of these, 25% (age 60-79) and 36% (=80 years) were
exposed to potential drug interactions, of which diuretics,
NSAIDs, ACE-inhibitors, digoxin, oral antidiabetics, cal-
cium channel blockers, anticoagulants and [(-blockers
accounted for the highest number of potential interactions.
When focusing only on major drug interactions, potas-
siumsparing diuretics and oral anticoagulants were the
most frequently involved drugs [3]. The elderly at an
outpatient medical clinic population had an incidence of
potential interactions of 27% [21].

Gender

From our study we found no reason to expect that women
are more exposed to potential drug interactions than men,
sex hormones/modulators excluded. The 30% higher age
adjusted risk of receiving drugs with a potential drug
interaction type A-D for the women compared to the men
was fully explained by women’s use of oral contraceptives
and other gynecological drugs. After excluding all detected
interactions with sex hormones and modulators of the
genital system (ATC group GO03), the original bimodal
distribution frequency distribution showed a negatively
skewed normal distribution and the adjusted RR was 0.96

(Fig. 2).

Interactions and hospitals

It is relevant to systematically monitor not only the type D
interactions, but also the type C interactions in order to
reduce drug interaction events and hospitalization. Drug
interactions in the general population caused, in a study in
1993, admissions to hospitals with an incidence in the
range of 0-2.8% [17]. The awareness of interactions may
since then have been improved. A nested case-control
study showed that the odds ratios for the association
between hospital admission and drug toxicity for three
specific drug combinations were 6, 12 and 20 times,
respectively, more likely to have been exposed to the drug
combination during the week preceding admission than
controls [18]. Medication use prior to admission to an
emergency unit was evaluated for the elderly; 538 of 1,000



patients were exposed to potential drug interactions. The
number of side effects did not differ between the contra-
indicated drug associations and the associations that only
required precautionary use [9].

In a study at an emergency department, 47% of patients
(above 50 years) were found with drug interactions. The
risk for a potential drug interaction rose from 13% for
patients with two medications to 82% for those with seven
medications and more [11]. Of 500 discharged medical
patients, 60% had a potential drug interaction. Of those,
more than 50% were new at the time of discharge due to a
change of the medication during the hospital stay. 9% of
the patients had a potential drug interaction of major
severity [10].

Physician awareness

A national pharmacy register has the potential to alert
prescribers on potential drug interactions. Experiences,
however, are that alerts may generate little or no change in
prescribing patterns [27]. The same was seen in a study
with an automated system in which about 90% of the
physicians overrode a computerized alert for high-severity
drug interactions [28]. It seems necessary for an automated
drug interaction alert system to differentiate between the
different classes of drug interactions based on documenta-
tion and clinical relevance in order not to be neglected by
the prescribers. One reason that clinicians do not react to
alerts may be that their clinical experience is not align with
the interaction system. In the present study some of the
most common potential C and D interactions detected were
detected for patients with ACE-inhibitors receiving blood
glucose lowering drugs, heart failure patients receiving
diuretics, patients with ipratropium (relevant only for
nebulisers) and beta agonists and NSAIDS patients with
methotrexate. These are all examples of common potential
interactions that most clinicians find safe in daily use. In
order to be useful tools the interaction systems must be
clinically relevant. Furthermore, the prescribers should be
offered relevant information and education.

The national pharmacy register can facilitate for the
pharmacists to monitor for improper drug combinations.
Pharmacists at community pharmacies intervened in one
study to resolve prescribing-related problems in 1.9% of
new prescription orders. A panel of three expert evaluators
concluded that 28% of the prescribing problems identified
during the study could have caused patient harm if the
pharmacist had not intervened to correct the problem [32].
Of patients with potential drug interactions detected at a
pharmacy, 44% had the dose changed and 75% were
monitored for adverse clinical effects, after contact with the
physician [15]. As pharmacists are mostly not in the
position to evaluate if prescribers have monitored or
adjusted the dose for potential type C interactions it seems
relevant to monitor only for the more severe and clinically
relevant interactions, type D, at pharmacies. With an
automated system this represents an interaction in about 2
of every 100 patients per 15-month period. Furthermore,
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the clinical importance of drug interactions may vary
depending on genetic and pathophysiological factors
unknown to the pharmacist. Prior to alerting the prescriber
of potentially interacting drug combinations, the actual
time relationship and concurrency in use need to be
evaluated by the pharmacist in dialogue with the patient.

The national pharmacy register has the potential to offer
a new tool for prescribers and pharmacists to increase the
quality in medication, avoiding improper use of polyphar-
macy and subsequent risk of drug interaction events. To
obtain this, the register has to be timely updated and readily
accessible, taking patient privacy into account.

Future studies

The new Swedish pharmacy register is not only intended to
be of value for prescribers, pharmacists and the registered
individuals, but also as a resource for researchers to study
the individual based consumption of prescription medica-
tions. In combination with other health related databases it
can be a powerful tool in risk assessment and pharmaco-
epidemiological studies. Utilization of the register always
has to control for age, gender and the concurrent use of
multiple pharmaceuticals. In order to establish a casual
inference between an exposure of a drug and a drug related
effect it is, however, important to evaluate the true health
effects, not only the theoretical, potential risks.

The present study gave ideas for future studies
evaluating the interaction risk for individual drugs [26],
changes in pattern of drug interaction over time and
evaluations of the true health effects of drug interactions.

Conclusion

By using the national pharmacy register prescribers will
detect potential drug interactions type C-D in about 22
patients out of 100, with two or more prescription drugs.
Considering only the more clinically relevant interactions
type D, about 2 patients out of 100 may have a risk of
experiencing a severe drug interaction. The risk for drug
interactions is most emphasized for elderly patients with
polypharmacy. We suggest that prescribers systematically
monitor type C and type D interactions and that dispensing
pharmacists examine type D interactions on a regular basis.
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