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Abstract

changes over a 3-month period.

3-4, and OR 3.0 (95% Cl 2.7-3.3) for CDS 5 or higher.

changes.

Background: The aim of this study was to assess the association between prescription changes frequency (PCF)
and hospital admissions and to compare the PCF to the Chronic Disease Score (CDS). The CDS measures
comorbidity on the basis of the 1-year pharmacy dispensing data. In contrast, the PCF is based on prescription

Methods: A retrospective matched case—control design was conducted. 10.000 patients were selected randomly from
the Dutch PHARMO database, who had been hospitalized (index date) between July 1, 1998 and June 30, 2000. The
primary study outcome was the number of prescription changes during several three-month time periods starting 18,
12,9, 6, and 3 months before the index date. For each hospitalized patient, one nonhospitalized patient was matched
for age, sex, and geographic area, and was assigned the same index date as the corresponding hospitalized patient.
We classified four mutually exclusive types of prescription changes: change in dosage, switch, stop and start.

Results: The study population comprised 8,681 hospitalized patients and an equal number of matched nonhospitalized
patients. The odds ratio of hospital admission increased with an increase in PCF category. At 3 months before the index
date from PCF=1 OR 14 [95% (I 13-1.5] to PCF=2-3 OR 2.2 [95% Cl 1.9-24] and to PCF > 4 OR 4.1 [95% Cl 3.1-5.1]. A
higher CDS score was also associated with an increased odds ratio of hospitalization: OR 1.3 (95% CI 1.2-1.4) for CDS

Conclusion: The prescription change frequency (PCF) is associated with hospital admission, like the CDS.
Pharmacists and other healthcare workers should be alert when the frequency of prescription changes increases.
Clinical rules could be helpful to make pharmacists and physicians aware of the risk of the number of prescription
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Background

Medication-related problems are responsible for 3—-10%
of acute hospital admissions, of which approximately
half are potentially preventable [1-11]. Hospital admis-
sions can lead to additional functional decline [12,13],
unintentional harm [14], and increased costs. Medica-
tion monitoring and management are methods used to
avoid medication-related complications.
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In 2008, the Dutch HARM study group established
seven independent risk factors for medication-related hos-
pital admissions: (a) impaired cognition, (b) four or more
diseases in the patient’s medical history, (c) dependent liv-
ing situation, (d) impaired renal function before hos-
pitalization, (e) non-adherence to medication regimen,
(f) the use of five or more medications at the time of
admission (polypharmacy), and (g) age over 65 [11]. In
the industrialized world, the proportion of the popula-
tion that is 65 years or older is rapidly increasing. Elderly
patients more often suffer from multiple morbidities, use
more medications, and are treated by more healthcare
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professionals than younger patients [15]. Drug consump-
tion is three times higher among people aged 65 years
or older, and four times higher in people aged 75 years
or older, than it is in people younger than 65 years. The
majority of these drugs are taken chronically (www.SFK.nl).
The increased use of prescription drugs by the elderly is a
consequence of their longer lifespan, their increasing use
of health services, and the availability of new drugs [16].
From a clinical perspective, prescription changes are a risk
factor for medication-related hospital admission. During
the course of a disease, it may be necessary to change the
dosage of medication, to switch to a similar medication, to
temporarily withdraw the drug, or to start a new drug.
With the exception of the study of Koecheler [17], who
reported ‘medication regimen changes in four or more
times during the past 12 months’ to be one of the six
prognostic indicators for identifying ambulatory pa-
tients who need pharmacist monitoring, there have
been no other studies that evaluated the association
between the number of prescription changes and hospital
admission. For this reason, we investigated whether the
frequency of prescription changes is associated with
hospital admission, and, if so, whether the strength of
this association changes in the months before hospital
admission.

The Chronic Disease Score (CDS), a well-established
instrument to predict hospital admission, measures co-
morbidity on the basis of the 1-year pharmacy dispensing
data for 17 therapeutic groups of somatic medications
intended for chronic use [18]. The latter makes the CDS a
static instrument. In contrast, the Prescription Changes
Frequency (PCF) is based on prescription changes over a
3-month period.

The objectives of this study were (1) to assess the asso-
ciation between the PCF and hospital admission at dif-
ferent times before admission and (2) to compare the
PCF with the CDS for predicting hospital admission.

Table 1 Classification of prescription changes
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Methods

Study design and setting

This retrospective, matched case—control study used
with permission data from the Dutch PHARMO Record
Linkage System (RLS) (www.pharmo.nl). The PHARMO
RLS includes the dispensing records of community phar-
macies linked to hospital discharge records. It consists
of a representative sample of more than 200 community
pharmacies in more than 50 regions throughout the
Netherlands and is representative for the Netherlands
[19]. It currently includes data for more than 2 million
residents (12% of the Dutch population) regardless of
the type of medical insurance. The computerized phar-
macy dispensing records contain information about
drugs dispensed, dispensing date, prescribing physician,
amount of drug dispensed, and prescribed dosage regi-
men. Patient information includes sex and date of birth.
Each patient is assigned an anonymous unique patient
identification code and each medication is also given a
unique code, according to the Anatomical Therapeutic
Chemical (ATC) classification system. This makes it pos-
sible to track drug therapy and changes in drug therapy
over time. The database does not record the indication
for which a medicine is prescribed and neither does it
include all medications used because non-prescription
products can be purchased over-the-counter.

Cases and controls

Initially, 10,000 patients who had been hospitalized for
the first time of possible repeated hospitalizations be-
tween July 1998 and June 2000 were randomly selected
from the PHARMO RLS. The date of hospital admission
was considered the index date. Each hospitalized patient
was matched by age on birthday, sex, geographic area
per pharmacy catchment area with a control patient
who was assigned the same index date. Patients were

Classification Definition

1. Change in dosage

Change in dosage means that, for the same drug, the daily dosage is increased or decreased (e.g., amitriptyline

25 mg changes in amitryptyline 10 mg or w).

2a. Product formulation switch

2b. Generic brand switch

Metoprolol 50 mg plain tablet instead of metoprolol slow release tablet (Selokeen ZOC®).

Change to another product containing the same active substance with the same strength and the same dosage

(e.g., atenolol 50 mg tablet (generic product) instead of Tenormin® 50 mg tablet (brand) or Renitec® 10 mg
tablet (brand) instead of enalapril 10 mg tablet).

2¢. Therapeutic switch

Change to another active substance within the same therapeutic group; the first four characters of the ATC

classification are the same (e.g. amitriptyline (NO6AAQ9) instead of citalopram (N0O6AB04) or fluoxetine (NO6ABO3)

instead of citalopram (NO6AB04)).
3. Stop

No continuation 90 days after one of the five control time points and no generic-brand substitution (1), product

formulation switch (2) ortherapeutic switch (3).

4. Start

Start of a drug means prescription of a drug which had not been prescribed during the previous six months

and which is not a generic brand substitution (1), product formulation switch (2) or therapeutic switch (3).
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included if medication data were available for at least
24 months before the index date.

Prescription change frequency

A prescription is defined as one medication order. PCF
is defined as the number of prescription changes made
during a 3-month period, without distinguishing be-
tween intentional and unintentional changes. Four dif-
ferent types of prescription changes were distinguished:
(1) change in dosage, (2a) product switch, (2b) generic
brand switch, (2c) therapeutic switch, (3) stopping medi-
cation, and (4) starting medication (Table 1). As we were
interested in whether the PCF affects hospitalization
over time, we calculated the PCF score for both patients
and controls at 18, 12, 9, 6, and 3 months before the
index date. The duration of use of each drug was esti-
mated by dividing the number of dispensed units by the
prescribed daily dose. Drugs that had a theoretical end
date beyond 18, 12, 9, 6, or 3 months before the index
date were considered as being in use on these dates.
Only drugs intended for systemic use were taken into
account. PCF scores were categorized into 0 prescription
changes (PCF 0), 1 prescription change (PCF 1), 2 or 3
prescription changes (PCF 2 or 3), and 4 or more pre-
scription changes (PCF= 4).

Chronic disease score

The CDS is calculated on the basis of the use over 1 year
of medications for 17 therapeutic groups of somatic
medications. The CDS has been shown to be a valid
measure of complications related to an individual patient’s
burden of chronic somatic diseases and is clearly associated
with the probability of being hospitalized [20-22]. To
compare the PCF with the CDS, we calculated and
categorized the CDS for the year preceding the index
date into four categories: CDS score = 0, CDS score = 1
or 2, CDS score = 3 or 4, and CDS score 5 or higher.

Statistical analysis

The strength of the association between the PCF score
and hospital admission was calculated by comparing the
number of patients and controls in each PCF category at
18, 12, 9, 6 and 3 months before the index date with
forced entry univariate logistic regression analysis; out-
comes are expressed as the odds ratio (95% CI), using
PCF 0 as reference. To assess the effects of other patient
or hospitalization characteristics, we performed stratified
analyses with age (< 65 years > 65 years), admission type
(emergency or planned), CDS score, and polypharmacy
(the use of five or more drugs concomitantly) as vari-
ables. To assess the strength of the association between
the CDS score and hospital admission, the number of
patients and controls per CDS category were compared
(expressed as OR 95% CI), taking CDS 0 as reference.
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The nature of prescription changes was determined for
each time period. The correlation between the PCF and
the CDS was measured with a two-tailed Spearman’s
correlation coefficient. Statistical analyses were performed
using SPSS 16.0 (SPSS, Chicago, IL).

Results

The source population was a random sample of 10,000
patients admitted to a hospital and an equal number of
matched non-admitted individuals (controls). Because
1319 matched patients had less than 24 months of ex-
posure history available in PHARMO RLS, the final

Table 2 Characteristics of hospitalized and non-hospitalized
patients at the index date

Characteristics Hospitalized %  Non-Hospitalized %

N=8681 N=8681
Sex
Male 3588 413 3588 413
Female 5093 58.7 5093 587
Age (years at index date)
0-2>18 574 6.6 574 6.6
>18 - > 45 2737 315 2737 315
>45-> 65 2246 259 2246 259
>65-2>79 2218 256 2218 256
>79 906 104 906 104
Number of medications
0 3416 394 4534 522
1 1794 20.7 2121 244
2 985 1.3 872 10.0
3 767 838 535 6.2
4 544 6.3 302 35
25 1175 135 317 3.7
CDS category
CDS score 0 3671 423 5206 60.0
CDS score 1-2 1331 153 1287 14.3
CDS score 3-4 1731 199 1415 16.3
CDS score 25 1948 224 773 89

Duration of hospitalization

1 day 417 48

2-5 days 4374 504

> 5days 3890 44.8
Admission type

Emergency 3966 457

Planned 4715 54.3
Admission for surgery

Yes 4360 50.2

No 4321 498
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Table 3 The association between prescription change TYPE and hospital admission at different time points before

index date
-18 -12 -9 -6 -3
H NH OR CI95% H NH OR CI95% H NH OR C195% H NH OR C195% H NH OR Cl95%
PC TYPE
Changein 946 521 1.4 13 16 1183 699 1.3 12 14 1093 597 1.4 13 16 1162 639 1.4 13 15 1405 656 1.5 14 16
Dosage
Product 211 127 1.6 13 20 329 187 1.6 13 19 325 202 15 13 18 349 217 1.5 13 18 422 245 1.6 14 18
Switch
Generic 114 67 1.7 12 22 180 93 1.8 14 23 192 103 1.8 14 23 219 101 21 16 26 274 91 2.8 22 35
Brand
Switch
Therap. 221 100 1.9 15 24 230 117 1.7 14 21 256 9 23 18 29 300 111 23 18 28 345 117 26 21 3.1
Switch
Stop 2735 1923 1.3 12 13 2961 1910 1.3 13 14 3122 1950 1.4 13 14 3122 1943 1.4 13 14 3102 2005 1.3 13 14
Start 162 61 23 17 30 136 76 16 13 21 157 61 23 18 31 186 /5 22 17 28 227 71 29 22 37

H=hospitalized patients (N=8681), NH=Non=Hospitalized Patients (N=8681), OR=0dds Ratio, Cl 95%= Confidence Interval 95%.

PC Type=Prescription Change Type.

study population comprised 8681 patients and 8681
controls. The characteristics of the study population
are displayed in Table 2. The mean age was 52.6
years (SD 21.8) and 58.7% of the participants were women.
At the index date, 60.6% of the patients and 47.8% of the
controls were using systemic medication; the mean number
of drugs used at the index date was 3.0 for patients and 2.1
for controls. In both groups, the number of drugs used
increased with age. The CDS was higher in the patients
than in the controls. The most frequent reasons for pre-
scription changes at all time points before the index date
were stopping medication and changes in dosage (Table 3).

The risk of hospital admission increased with the number
of prescription changes. At 3 months before the index date,
the likelihood of hospitalization increased with increasing
PCF category: the odds ratio (OR) between patients and
controls was 1.4 (95% CI 1.3-1.5) in the lowest PCF cat-
egory (PCF 1) and 4.1 (95% CI 3.1-5.1) in the highest PCF
category (PCF 4). This was also true for comparisons for
18, 12, 9, and 6 months before index date (Tables 4 and 5).

The risk of hospital admission also increased per CDS
category. A higher CDS score was associated with an in-
creased risk of hospitalization: OR 1.5 (95% CI 1.4-1.6])
for CDS 1-2, OR 1.7 (95% CI 1.6-1.9) for CDS 3—4, and
OR 3.6 (95% CI 3.3-3.9) for CDS 5 or higher.

Stratification by age (< 65 years > 65 years), admission
type (planned or emergency admission), CDS score, and
polypharmacy resulted in comparable increases in OR
with increasing PCF score. For participants on poly-
pharmacy, the OR of PCF 4 or more decreased between
9 and 3 months before the index date, from 3.5 (95% CI
1.9-6.67) to 2.2 (95% CI 1.0-5.4). When stratified by
CDS, the likelihood of being hospitalized also increased
with increasing PCF score (Figure 1).

A two-tailed Spearman’ correlation coefficient showed
a significant but poor correlation between CDS 0 and
PCI 0 (0.019, p= 0.01) and CDS 5 or higher and PCI 4
or higher (0.027, p=0.01) and no significant correlation
between CDS 1 or 2 and PCF 1 and CDS 3 or 4 and
PCF 2 or 3 at 3 months before the index date.

Table 4 The association between prescription change frequency and hospital admission at different time points before

index date
-18 -12 -9 -6 -3
H NH OR ClI95% H NH OR CI95% H NH OR Cl195% H NH OR Cl95% H NH OR Cl95%
PCF Cat
0 6086 6736 1 ref 5844 6524 1 ref 5788 6556 1 ref 5723 6570 1 ref 5591 6537 1 ref
1 1631 1418 1.3 12 14 1731 1564 1.2 12 13 1720 1561 1.3 12 14 1751 1483 1.4 13 15 5591 1493 1.4 13 15
2or3 760 451 1.9 17 21 853 514 19 17 21 899 490 2.1 19 23 923 542 2.0 18 22 1031 560 22 19 24
>4 204 76 3.0 23 24 253 79 3.6 28 46 274 74 4.2 33 54 284 8 38 30 48 316 91 4.1 31 51

H=hospitalized patients (N=8681), NH=Non=Hospitalized Patients (N=8681).
OR=0dds Ratio, Cl 95%= Confidence Interval 95%.
PCF Cat=Prescription Change Frequency Category.
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Table 5 The association between the chronic disease
score and hospital admission

Indexdate
Hospitalized Non Hospitalized OR  Cl 95%
patients N=8681 patients N=8681)
CDS score

0 3671 5206 1 ref
1or2 1331 1287 1.04 096 1.13
3or4 1731 1415 1.27 118 138

>4 1948 773 295 271 323

OR=0d(ds Ratio,
Cl 95%= Confidence Interval 95%,

CDS =Chronic Disease Score
at indexdate

ref= reference

Discussion

The main finding of this study is that the frequency of
prescription changes (PCF) is associated with an in-
creased risk of hospital admission. We also confirmed
the known association between the Chronic Disease
Score (CDS) and hospital admission. While the PCF and
CDS were both associated with hospital admission, the
correlation between the two instruments was poor. The
CDS measures comorbidity on the basis of the 1-year
pharmacy dispensing data. In contrast, the PCF is based
on prescription changes over a 3-month period. The re-
sults showed that the PCF within a three month period
is comparable with the one year period of the CDS.
Therefore, the PCF is more useful in practice.

We found that among patients with a low CDS score,
an increasing number of prescription changes was asso-
ciated with an increased risk of hospital admission.
Stratified analysis of the CDS scores into the four cat-
egories confirmed this finding: at each CDS category, we
found a comparable increase in the risk of hospitaliza-
tion caused by the number of prescription changes.

Stratification by age (<65 or >65 year) and medication
use (< 5 or >5 medications used) showed an increasing
risk of hospitalization with increasing PCF (Figure 1).
Several studies have reported age and polypharmacy as
risk factors for hospital admission. We found that, based
on PCF scores, even patients younger than 65 years and
patients without polypharmacy were at increased risk of
hospital admission. It is plausible that the risk was lower
for planned than for emergency admissions, but this was
not confirmed after stratification by type of hos-
pitalization. Unexpectedly, patients on polypharmacy
had a decreased risk of hospital admission: PCF 4 or
higher decreased between 9 and 3 months before the
index date. On the basis of this finding, the most com-
mon reason for prescription changes, namely, stopping
medication, would appear to be protective against

Page 5 of 7

hospital admission in patients on polypharmacy. As we
do not know which medications were stopped, this find-
ing does not mean that stopping specific medications is
protective.

The CDS has the disadvantage that it is based on in-
formation about medication history collected for at least
1 year prior to the event under investigation. We showed
that it is possible to predict the risk of hospitalization on
the basis of the number of prescription changes in 3
months. On the other hand, the CDS is based on the use
for 17 therapeutic groups of somatic medications, whereas
the PCF is based on all medications and thus requires
detailed medication histories. The CDS was developed to
measure a patient’s overall health status, but the PCF is
not suitable for this. A potential weakness of the CDS,
which was developed in 1992, is that it has never been ad-
justed to accommodate new medication classes, unlike the
PCEF, which is based on all medications used. Despite this,
the CDS is still associated with hospital admissions.

Limitations

This study has a number of limitations. The database
does not provide information about the indication for
which a drug is prescribed, so we cannot comment
about the frequency of medication changes for specific
indications. One could argue that more ill patients will
have more prescription changes. However, this was not
the aim of the study. The use of non-prescription medi-
cines is not known as patients could also buy medica-
tions OTC. In addition, prescribers might not write out
a new prescription each time drug use is changed. Be-
cause the PCF is based on dispensing data from commu-
nity pharmacies, this would mean that the association
between PCF and hospital admission might have been
underestimated. As the data set used in this study cov-
ered the period between July 1998 and June 2000, it is
possible, but unlikely, that since then the prescribing be-
havior of doctors has changed, influenced by medication
reconciliation programmes, or indications for hospital
admission might have become stricter, both of which
would have led to overestimation of the association be-
tween PCF and hospitalization. While the Dutch
PHARMO database is complete, it does not provide in-
formation about the socioeconomic status or compliance
of patients or their health status (the controls might
have been ill less often than the patients); however, as
the controls were sampled independently of exposure
status, these factors would not influence our results.
Lastly, it was outside the scope of this study to distin-
guish between the different reasons for changing medi-
cation in greater detail. To our knowledge, besides the
study of Koecheler et al. [17], no other studies have in-
vestigated prescription changes and the risk of hospital
admission. Several other studies, like the HARM study,
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have described risk factors for medication-related hospital
admission, but did not focus on prescription changes.

Further research should consider more detailed vari-
ables of the prescription changes like types of medica-
tions involved. In addition, it should be interesting to
test the PCF model in a follow up study.

Conclusion

This longitudinal study of a large group of patients over
24 months demonstrated that the frequency of prescrip-
tion changes (PCF) over a 3-month period is associated
with hospital admission, which suggests that the PCF
could be used as an alternative to the CDS for predicting
hospital admission. In the ambulant setting, the PCF
score could function as a warning signal for an increased
risk of hospitalization and as such contribute to medica-
tion safety programmes. The PCF might be particularly
useful for older patients, who tend to use more medica-
tions. District nurses and social workers care should be
alerted if the frequency of prescription changes increases
in their patients. Community pharmacists can use the
PCF as a clinical rule to facilitate early identification of
potential drug-related problems. Further research is
needed to determine the predictive value of the PCF in
practice as a clinical rule.

Competing interests

Possible conflict of interest: nothing to disclose.The department of
Pharmacoepidemiology & Pharmacology has received unrestricted funding
for pharmacoepidemiological research from GlaxoSmithKline, Novo Nordisk,
the private-public funded Top Institute Pharma ( www.tipharma.nl, includes
co-funding from universities, government and industry), the Dutch Medicines
Evaluation Board and the Dutch Ministry of Health.

Authors’ contributions

All authors contribute the study conception and design and the study’s
analytic strategy (CS-RS-EH-MS-PS-TE). PS prepared the database for analysis.
CS has done the statistical data analysis, supported by EH and PS. CS and RS
conduct the literature review and have written the drafting of the
manuscript. Author MS and TE supervised the study and helped with critical
revisions of the manuscript for important intellectual content. All authors
read and approved the final manuscript.

Acknowledgments
No special funding was received for this study.

Author details

"University of Applied Sciences Utrecht, Research Centre for Innovation in
Healthcare, Bolognalaan 101, 3584 Utrecht, CJ, The Netherlands. 2Departmen‘[
of Pharmacoepidemiology and Clinical Pharmacology, Utrecht University,
Faculty of Science, Utrecht, The Netherlands. *Department of Clinical
Pharmacy, Tergooi Hospitals, Blaricum/Hilversum, The Netherlands.
4Department of Rehabilitation, University Medical Centre Utrecht, Nursing
Science and Sports, Utrecht, The Netherlands. *Department of Clinical
Pharmacy, University Medical Centre Utrecht, Utrecht, The Netherlands.

Received: 5 April 2013 Accepted: 30 July 2013
Published: 1 August 2013

References

1. Lazarou J, Pomeranz BH, Corey PN: Incidence of adverse drug reactions in
hospitalized patients: a meta-analysis of prospective studies. JAMA 1998,
279(15):1200-1205.

Page 7 of 7

2. Roughead EE, Gilbert AL, Primrose JG, Sansom LN: Drug-related hospital
admissions: a review of Australian studies published 1988-1996.

Med J Aust 1998, 168(8):405-408.

3. Green CF, Mottram DR, Rowe PH, Pirmohamed M: Adverse drug reactions
as a cause of admission to an acute medical assessment unit: a pilot
study. J Clin Pharm Ther 2000, 25(5):355-361.

4. Pouyanne P, Haramburu F, Imbs JL, Begaud B: Admissions to hospital
caused by adverse drug reactions: cross sectional incidence study.
French pharmacovigilance centres. 81J 2000, 320(7241):1036.

5. Beijer HJ, de Blaey CJ: Hospitalisations caused by adverse drug reactions (ADR):
a meta-analysis of observational studies. Pharm World Sci 2002, 24(2):46-54.

6.  Onder G, Pedone C, Landi F, Cesari M, Della Vedova C, Bernabei R, et al-
Adverse drug reactions as cause of hospital admissions: results from the
Italian group of pharmacoepidemiology in the elderly (GIFA).

J Am Geriatr Soc 2002, 50(12):1962-1968.

7. Waller P, Shaw M, Ho D, Shakir S, Ebrahim S: Hospital admissions for 'drug-
induced' disorders in England: a study using the hospital episodes
statistics (HES) database. Br J Clin Pharmacol 2005, 59(2):213-219.

8. Klarin I, Wimo A, Fastbom J: The association of inappropriate drug use
with hospitalisation and mortality: a population-based study of the very
old. Drugs Aging 2005, 22(1):69-82.

9. van der Hooft CS, Dieleman JP, Siemes C, Aarnoudse AJ, Verhamme KM,
Stricker BH, et al: Adverse drug reaction-related hospitalisations: a
population-based cohort study. Pharmacoepidemiol Drug Saf 2008,
17(4):365-371.

10.  Kongkaew C, Noyce PR, Ashcroft DM: Hospital admissions associated with
adverse drug reactions: a systematic review of prospective observational
studies. Ann Pharmacother 2008, 42(7):1017-1025.

11, Leendertse AJ, Egberts AC, Stoker LJ, van den Bemt PM, HARM Study
Group: Frequency of and risk factors for preventable medication-related
hospital admissions in the Netherlands. Arch Intern Med 2008,
168(17):1890-1896.

12. Boyd CM, Ricks M, Fried LP, Guralnik JM, Xue QL, Xia J, et al: Functional
decline and recovery of activities of daily living in hospitalized, disabled
older women: the Women's health and aging study I. J Am Geriatr Soc
2009, 57(10):1757-1766.

13. Hoogerduijn JG, Schuurmans MJ, Duijnstee MS, de Rooij SE, Grypdonck MF:
A systematic review of predictors and screening instruments to identify
older hospitalized patients at risk for functional decline. J Clin Nurs 2007,
16(1):46-57.

14.  Zegers M, de Bruijne MC, Wagner C, Hoonhout LH, Waaijman R, Smits M,
et al: Adverse events and potentially preventable deaths in Dutch
hospitals: results of a retrospective patient record review study.

Qual Saf Health Care 2009, 18(4):297-302.

15. Higashi T, Shekelle PG, Solomon DH, Knight EL, Roth C, Chang JT, et al: The
quality of pharmacologic care for vulnerable older patients. Ann Intern
Med 2004, 140(9):714-720.

16.  Linjakumpu T, Hartikainen S, Klaukka T, Veijola J, Kivela SL, Isoaho R: Use of
medications and polypharmacy are increasing among the elderly.

J Clin Epidemiol 2002, 55(8):809-817.

17. Koecheler JA, Abramowitz PW, Swim SE, Daniels CE: Indicators for the
selection of ambulatory patients who warrant pharmacist monitoring.
Am J Hosp Pharm 1989, 46(4):729-732.

18. Von Korff M, Wagner EH, Saunders K: A chronic disease score from
automated pharmacy data. J Clin Epidemiol 1992, 45(2):197-203.

19. RMC Herings: PHARMO: a record linkage system for postmarketing surveillance of
prescription drugs in the Netherlands. The Netherlands: Department of
Pharmacoepidemiology and Pharmacotherapy, Thesis Utrecht University; 1993.

20. Clark DO, Von Korff M, Saunders K, Baluch WM, Simon GE: A chronic disease
score with empirically derived weights. Med Care 1995, 33(8):783-795.

21. Fishman PA, Shay DK: Development and estimation of a pediatric chronic
disease score using automated pharmacy data. Med Care 1999, 37(9):874-883.

22.  Putnam KG, Buist DS, Fishman P, Andrade SE, Boles M, Chase GA, et al:
Chronic disease score as a predictor of hospitalization. Epidemiology 2002,
13(3):340-346.

doi:10.1186/2050-6511-14-39

Cite this article as: Sino et al: The association between prescription
change frequency, chronic disease score and hospital admissions: a
case control study. BMC Pharmacology and Toxicology 2013 14:39.



http://www.tipharma.nl

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and setting
	Cases and controls
	Prescription change frequency
	Chronic disease score
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


