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Abstract Objective: To determine the nature and
extent of undersupply and the economic consequences
of oversupply of medication among non-adherent pa-
tients. Methods: This study used copies of repeat pre-
scriptions (=multiple dispensations), collected during
1 week in 2002 at 16 Swedish community pharmacies.
For patients with a refill adherence below 80%,
treatment gaps were defined as the number of days
they had no drug available. The cost of drug over-
supply (i.e., refill adherence >120%) was calculated
from the prices of the drug packages dispensed.
Results: The number of collected repeat prescriptions
was 3,636. The median of treatment gaps among pa-
tients with a refill adherence below 80% was 53 days
per 90–100 days treatment period and the corre-
sponding median for oversupply was 40 days. The cost
of oversupply for exempt patients (i.e., patients who
have paid 1,800 SEK (€ 196; US$ 243) per year for
medicines) was 32,000 SEK (€ 3,500; US$ 4,300)
higher than for non-exempt patients. An extrapolation
to all Sweden indicates that exemption from charges
leads to an additional oversupply of about 142 million
SEK (€ 15 million; US$ 19 million) per year above
that of non-exempt patients. Conclusion: Both under-
supply and oversupply of prescribed medicines are
common in Sweden. Patients with a refill adherence
below 80% seem to have less than half of the pre-
scribed treatment available. Oversupply or drug

stockpiling occurs more frequently among exempt than
among non-exempt patients, and this oversupply leads
to high unnecessary costs.
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Introduction

Optimal drug treatment necessitates adequate adher-
ence to the given prescription. The non-adherence
involved has attracted many researchers and there is a
vast literature on patient adherence or non-adherence to
prescribedmedication. InOctober 2004, theMEDLINE
database gave 1,801 references to the search words
adherence and drugs and 7,409 references to compliance
and drugs. The literature on adherence has recently been
reviewed by WHO (World Health Organization) [1].
They indicate that research on patient adherence has
mostly been concerned with the level of adherence in
different settings or diseases and/orwith interventions to
improve adherence [1]. Non-adherence may involve
both undersupply and oversupply in addition to other
inappropriate medication behaviour. Most studies deal
with drug undersupply, often with the focus on the
factors explaining adherence or non-adherence [1].
In a recent study [2] we used repeat prescriptions to

estimate refill adherence among Swedish patients.
Satisfactory refill adherence was defined as dispensed
refills covering 80–120% of the prescribed treatment
time. The estimation of refill adherence from pre-
scription records has been claimed to be the most
reliable objective measure of adherence in large patient
groups [3, 4]. Therefore, refill adherence data have
been used by several authors as a proxy for patients’
total therapeutic adherence [3–6].
There are few studies in which the consequences of

undersupply or oversupply have been studied. In one
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Malmö University Hospital, S-205 02, Malmö, Sweden
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study on undersupply among patients with antipsy-
chotic medication [7], refill adherence data indicated
that treatment gaps were common. During 1 year, 51%
of the patients had treatment gaps of 30 days or longer.
In other studies involving patients with a depression-
related diagnosis and cardiovascular diseases, approx-
imately 50% of patients had treatment gaps in their
medication [8, 9]. The association between non-adher-
ence and morbidity has been described in a Cochrane
review [10] which concluded that non-adherence is
strongly associated with increased morbidity.
The consequences of drug oversupply in long-term

medication have been even less studied. Continuous
overuse of acetaminophen (paracetamol) seems to be
associated with liver failure [11], and overuse of a
number of medicines, e.g., ergotamine, may lead to
chronic headache [12].
The level of oversupply of medicines may be related

to the drug reimbursement level, which varies between
the EU countries. In the UK, 85% of the prescription
items—provided to over half the population—were
exempt from charges on the grounds of age, income or
clinical condition [13]. In Sweden, 13% of the popu-
lation were exempt from charges [14]. All Swedish
patients who have paid 1,800 SEK (€ 196; US$ 243)
per year for medication are exempt from charges. The
willingness to pay for prescribed medication was found
to increase with symptom severity and perceived
necessity or effectiveness of treatment [15]. For non-
exempt patients, increased charges led to reductions in
prescription drug utilisation [16, 17]. The young, the
unemployed, and those with poor health status, low
education and low income are most likely to decrease
consumption of prescription drugs when user charges
increase [17]. In these publications [15–17] the levels
and consequences of oversupply by patients exempt
from charges have not been analysed.

Aims of the study

The aims of this study were to analyse:

1. To what extent patients who had a refill adherence
below 80% of prescribed treatment had gaps in
their medication.

2. The relations between exemption from charges and
the economic consequences of drug oversupply
(above 120% of prescribed treatment).

Methods

The analysis was based on data from repeat prescrip-
tions collected from 16 Swedish pharmacies [2]. The
Swedish pharmacy system has been described elsewhere
[18]. Prescriptions are valid 1 year from the date of

issue [19]. A prescription may be dispensed only once or
the same prescription form may be used for multiple
dispensations (=repeat prescription) as determined by
the prescriber. All patients pay the full cost of drugs up
to 900 SEK (€ 98; US$ 122) during a 12-month period,
the cost for the patient is than gradually reduced and
the patient is exempt from further charges beyond
1,800 SEK (€ 196; US$ 243) per year.
Each time a repeat prescription is filled at the phar-

macy, the date and the amount of drugs dispensed are
noted on the prescription form. The repeat prescrip-
tions included here were those that had been dispensed
at least twice. Repeat prescriptions are commonly
issued for 1 year of treatment, with three-month dis-
pensation intervals. The Swedish drug reimbursement
system allows medicines to be purchased to cover a
maximum 3 months. A new purchase may be made
when 2 of the 3 months have passed (i.e., ��early pur-
chase’’). This second purchase is also reimbursed. By
repeated ��early purchases’’ of medicines, stockpiling
with reimbursement is possible.
Each prescription in the study represents a separate

individual and a prescription form with multiple dis-
pensations can be seen as a record of the patient’s
adherence behaviour, in relation to each prescribed
medicine, up to a year before the latest dispensation.
In summary, the inclusion criteria for a prescription

to be included were: repeat prescription, dispensed at
least twice and with fixed dosing.
The study was based on copies of repeat prescrip-

tions, which were collected during 1 week in Novem-
ber 2002 in the southern Swedish county of Jönköping
(population=328,000). The prescriptions covered all
types of prescribed drugs. Copies of prescriptions were
collected during 1 week and the adherence on previous
fillings was determined retrospectively from the
prescription form.
Satisfactory refill adherence was defined as the per-

centage of the patients who had refills dispensed cov-
ering 80–120% of the prescribed treatment time [2, 20]
and under- and oversupply as <80% and >120%
coverage, respectively.

Satisfactory refill adherence

¼ number of prescribed treatment days

number of days between the fills
� 100

¼ 80� 120%

Ideally, a patient would buy a drug for 100 days
treatment with an interval between two refills of
100 days (refill adherence=100%). A divergence from
prescribed treatment time below )20% indicates
treatment gaps or undersupply and above +20%
means stockpiling or oversupply.
The lengths of the treatment gaps were determined as

the number of days that the patients with a refill
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adherence below 80% had no drug available for their
treatment. More details regarding the methods used
have been presented elsewhere [2].
The cost of oversupply was determined separately

for exempt and non-exempt patients, both groups with
a refill adherence above 120%. The price of each drug
package dispensed was obtained from the official drug
price list of November 2002. There is no VAT for
prescribed medication in Sweden and the prices of the
official list include the pharmacist’s fee. From the price
and the prescribed dosage, the cost of medicines per
day could be calculated. To determine the cost of
oversupply, the number of days beyond 120% cover-
age for each prescription was multiplied by the cost per
day. Thus, the total cost of drug oversupply (refill
adherence above 120%), as well as the separate costs
attributed to non-exempt and exempt patients were
calculated. An extrapolation of the approximate cost
of oversupply for repeat prescriptions in all Sweden
during 1 year was based on the assumption that a
representative sample of prescriptions had been stud-
ied, as discussed below.
Median and interquartile deviations were calculated

for under- and oversupply and were limited to repeat
prescriptions with 90–100 days dispensation intervals
(1,152 prescriptions). The remaining 426 prescriptions
showed a wide variety of dispensation intervals which
make the median deviation difficult to interpret.
Statistical significance was determined using t-test.

Results

The number of collected copies of repeat prescriptions,
with notifications that there had been at least two
dispensations, was 3,636 or 33% of the total number of
dispensed repeat prescriptions at the participating
pharmacies [2]. The average level of satisfactory refill
adherence was 57%. Patients with full exemption from
charges had lower satisfactory refill adherence (51%)
than those without exemption (58%). This was mostly
due to oversupply. The level of under- and oversup-
plies was 21% and 22%, respectively (Table 1) [2].
There was a larger oversupply (33%) among patients
with full exemption compared to those without
exemption (19%). Non-exempt patients had 22%
undersupply as compared to 16% for exempt patients
(Table 1).
The total number of prescription forms with a refill

adherence below 80% was 762, i.e., 21% of the total
number of prescriptions. The prescribed dispensation
intervals were normally 90–100 days and the median of
the treatment gaps per interval was 53±23 (inter-
quartile deviation) days, i.e., more than half of the
prescribed treatment time.
The number of prescription forms with a refill

adherence above 120% was 816 and among those, 299

patients were exempt from charges. The median
number of days with oversupply or drug stockpiling
per 90–100 days dispensation interval was 28±6
(interquartile deviation) days per interval. The total
sales value of the 3,636 repeat prescription forms was
5.1 million SEK (€ 0.55 million; US$ 0.69 million).
The extra cost of oversupply for all the patients in our
study was 230,000 SEK (€ 25,000; US$ 31,000) or
about 4.5% of the total sales value of all dispensations
of repeat prescriptions in the study. The extra cost
resulting from oversupply among the 517 non-exempt
patients was 99,000 SEK (€ 11,000; US$ 13,000) or 191
SEK per prescription form (€ 21 or US$ 26) and
among 299 exempt patients 131,000 SEK (€
14,000;US$ 18,000) or 438 SEK per prescription form
(€ 48; US$ 59) (P<0.05). Therefore, the difference in
cost of oversupply between exempt and non-exempt
patients amounts to 32,000 SEK (€ 3,500; US$ 4,300).
The average number of dispensations per prescription
form was 3.
The cost of oversupply from our sample can be used

for extrapolation. The extra cost for exempt compared
to non-exempt patients with oversupply for 1 year in
Sweden amounts to 142 million SEK (€ 15 million;
US$ 19 million). This is about 0.6% of the cost of all
prescribed medicines in Sweden in 2002 (total cost
24,067 million SEK; € 2,616 million; US$ 3,252 mil-
lion) [21].

Discussion

There are several methods available to estimate
adherence to prescribed medication [22]. This may
include the measurement of the drug levels in plasma
or urine or electronic monitoring (medication event
monitoring system (MEMS)) which records the time
and date when a medication container was opened.
These are expensive methods [1]. Other procedures
like asking the patients to estimate their own adher-
ence or counting remaining dosage units are less
reliable. However, these measurements easily overes-
timate the adherence [1]. Although, data from pre-
scription records are useful in determining refill
adherence in large patient groups [3, 4], it’s important
to be aware of the limitations. Medication supply
may diverge from medication use and under- and
oversupply from under- and overuse and fluctuate
over time for an individual patient. The patients may
also have more than one prescription for the same
drug. In such a case an adherent patient would be
classified as non-adherent with undersupply. Doctors
may also orally adjust the doses up or down. That
patient would deviate from what the doctor has
prescribed but still be adherent to the doctors’ oral
advice.
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Apoteket AB (The National Corporation of Swedish
Pharmacies) estimates that 40% of prescriptions dis-
pensed at Swedish pharmacies are repeat prescriptions
(at least one refill). This would correspond to 11,200
such prescriptions at the participating pharmacies
during the study period. We were informed that due to
lack of time at some pharmacies they did not copy all
repeat prescriptions. As a result we got copies of 3,636
prescriptions (33%), which can be seen as a limitation.
Another limitation in our study is that some of the
prescriptions may be intended for temporary medica-
tion only. However, such information was not appar-
ent from the prescription forms. All prescriptions
dispensed at least twice were therefore included,
although this may lead to an overestimation of the
extent of treatment gaps.
In our study the levels of under- and oversupply

among patients with repeat prescriptions were similar,
21% and 22%, respectively. In many previous studies
satisfactory medication adherence has arbitrarily been
set at ‡80% [23]. Levels below 80% may signify
treatment gaps, i.e., periods when the patients
theoretically do not have medicine available and
therefore have no possibility to be adherent.
Most studies do not indicate an upper level of

satisfactory adherence, probably because data on
oversupply are more difficult to interpret than those of
undersupply. There are, however, reports [20] in which
100±20% as been used to indicate of ��good compli-
ance.’’ Since also very frequent refills of the drug
supply might indicate a deviation from the prescribed
treatment, oversupply was included in this study. It is
possible that oversupply signifies intake of too much of
the prescribed medicines, but the patients may also be
stockpiling medicines, particularly if they are exempt
from payment.
Most previous studies using repeat prescriptions to

determine refill adherence have obtained their infor-
mation from encrypted population-based data sources
[3]. The refill behaviour of each registered individual
can then be ascertained. Swedish integrity legislation
has so far with some exceptions hindered establish-
ment of such registers. Therefore, we obtained the
information used here from copies of repeat prescrip-
tions and the patient identities remained confidential

with us. However, we assume that each prescription in
our sample represents a separate individual, since the
copies were all collected during 1 week and it is
unlikely that a person would have two prescriptions
filled with the same drug during the same week.
Patients who have a refill adherence of 80% are at

the lower limit of satisfactory refill adherence as
defined here. At 80% refill adherence they could be
lacking drugs for 18 of the normal 90 days treatment
period unless they have medicines left over from a
previous period. A treatment gap of 18 consecutive
days could possibly lead to a therapeutic failure
depending on the type of disease and treatment. This is
especially the case for patients with an HIV infection
[24]. We found that 21% of the patients (n=762) had a
refill adherence below 80%. The median of treatment
gaps for these patients were 53 days of the normal 90–
100 days of dispensation interval. These patients
would then be without medication more than half of
their treatment time. The long dispensation intervals
used in Sweden (normally 3 months) may thus impair
treatment since non-adherence may go undetected for
an unnecessarily long time. A Cochrane review showed
that the relation between morbidity and non-adher-
ence in most studies has not been well documented. In
cases where this has been done, the data indicate that
non-adherence is strongly associated with increased
morbidity [10]. Patients with a refill adherence below
80% may therefore be at serious risk of unnecessary
morbidity. Since the identities of the patients were
confidential in this study, there was no possibility to
further explore the health aspects. However, since non-
adherence is associated with increased morbidity,
prescribers and pharmacists should observe this
problem and create concordance with their patients. If
concordance is reached at every patient encounter,
adherence will be achieved [1].
The number of patients with oversupply (22%;

n=816) was similar to the number with undersupply
(21%; n=762). Among those with oversupply there
were almost twice as many with full exemption
compared to those who paid for their medicines (33 vs.
19%). Drug oversupply may indicate drug over-con-
sumption and drug dependence and might lead to
medical problems. In this study analysis was limited to

Table 1 Refill adherence in relation to patient reimbursement

Number of
prescription forms

Prescription forms with
satisfactory refill adherencea (%)

Prescription forms
with undersupplyb (%)

Prescription forms
with oversupplyc (%)

Exempt from charges 906 51 16 33
Non-exempt from charges 2,730 58 22 19
All patients 3,636 57 21 22

a80–120%
bRefill adherence <80%
cRefill adherence >120%
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the economic consequences of drug oversupply since
available data did not allow analysis of the medical
consequences.
We were able to determine the extra cost of over-

supply among exempt patients in our sample to 32,000
SEK (€ 3,500; US$ 4,300). Extrapolation of this cost to
the whole of Sweden may be justified knowing that the
level of drug prescription in relation to the population
of the county of Jönköping is approximately equal to
that of Sweden (37 and 38 DDD per inhabitant,
respectively, in November 2002) [25]. The number of
prescriptions dispensed during the month of Novem-
ber is close to 1/12 of the number for the whole year.
Accordingly, we consider the sample to be represen-
tative of repeat prescribing in Sweden in 2002. We
found that among patients with oversupply, those who
were exempt from charges had 142 million SEK higher
drug cost than the patients who were non-exempt. This
represents 0.6% of the cost of prescribed medicines in
Sweden in 2002.
It is unlikely that the frequent refills that the exempt

patients with oversupply make are therapeutically
motivated. Rather, these patients may be stockpiling
medicines, knowing that they can obtain the medicines
without a charge. Pharmacists have reported that
exempt patients ask their doctors to prescribe addi-
tional medicines, even drugs available without a
prescription. The oversupplies among non-exempt
patients also indicate stockpiling. Therefore, the
extrapolated Swedish cost of 142 million SEK per year
for oversupply of medicines, may be an underestima-
tion of the actual costs.
There are few reports in the literature on the rea-

sons for oversupply of medicines [15–17], but econ-
omy is likely to be of importance. It may be
speculated that the differences between non-exempt
and exempt patients reflect an underlying need for the
former to budget and plan to pay for medicines to be
purchased and the latter not needing to budget at all.
A limitation of our study is that we have not analysed
differences in the mix of medicines that were used by
the two groups. To make such an analysis meaningful
we would have needed information on all medicines
used by each individual and probably also about
disease states. Such information was not available.
Both groups, however, had similar age and gender
distribution.
Much of the drugs stored in patients’ homes will

never be used because of oversupply, changed medi-
cation, side effects, low patient compliance or the
patient may die [26]. Many packages are therefore
returned to the pharmacies for destruction. The
amount of drugs returned to Swedish pharmacies has
been estimated to about 4.6% of concomitant sales in
volume with a value of 600 million SEK (€ 65 million;
US$ 81 million) per year [27]. This indicates that drug
stockpiling may be considerably larger than what we

have estimated from the refill adherence of repeat
prescriptions.
Our study has implications for both patients and

professionals. Patients should be aware of the impor-
tance of the gaps in their medication if they fail to fill
their repeat prescriptions. On the other hand they
should know that the cost of oversupply is consider-
able and unjustified. Professionals should also observe
both these factors. They should advise the patients to
fill their prescriptions as intended and to avoid over-
supply.
The results presented in this report might stimulate

future research on how refill adherence is dependent on
e.g., the reimbursement system. Our study does not
reveal the clinical outcomes either of undersupply or
oversupply. Such investigations in relation to long-
term treatments would be important. The relatively
long periods used in Sweden between refills may leave
non-adherence undetected and it could also stimulate
oversupply. A comparison between three-month and
one-month dispensation intervals would therefore be
of interest.

Conclusion

Both undersupply and oversupply of prescribed
medicines are common. Patients with a refill adherence
below 80% have medicines available for less than half
of the proper treatment. Patients with an oversupply
above 120% may overuse their medicines, but their
behaviour may also reflect stockpiling of drugs.
Oversupply leads to high unnecessary costs particu-
larly among patients who are exempt from charges.
This amount to 0.6% of the annual costs of prescribed
drugs to outpatients in Sweden.
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