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Abstract

Background The number of drugs prescribed for old peo-
ple has been rising in recent decades. With increasing age
and multiple medications, the risk of complications and
drug prescription complexity increases. Multiple changes
to prescriptions could be a factor that improves treatment
quality.

Objectives Our objective was to investigate trends in drug
prescriptions and factors that contribute to prescription
changes. Specific objectives were to find out whether high
numbers of prescription changes are significantly corre-
lated with age, sex, comorbidity, length of care episode,
and number of drugs.

Methods Data were extracted from geriatric clinic records
in Stockholm in 2005, 2010, and 2015. Indicators for good
drug therapy were used to assess the effects of prescription
changes on quality, using an index of inappropriate drug
use (IDU). Data were analyzed with Student’s #-test, PR
test, Wilcoxon’s rank sum test, and linear regression.
Results Patients had more comorbidities and used more
drugs but had shorter hospital stays and significantly fewer
prescription changes in 2015 than in 2005. Length of care
episode was significantly associated with prevalence of
prescription changes. Our model showed that, for each day
by which the length of care episode decreased, the number
of prescription changes decreased by 8%. The number of
prescription changes was negatively correlated to the IDU
index score.

Conclusions The study showed that more prescription
changes were associated with longer care episodes and
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improved drug prescribing quality as per the IDU index.
Given prescription changes are regarded as a quality factor
in geriatric care, quality may have decreased along with the
length of care episodes between 2005 and 2015.

Key Points

Study patients had significantly shorter hospital stays
and fewer prescription changes in 2015 than in 2005.

More prescription changes were significantly
associated with improved drug-prescribing quality
and longer care episodes.

Care quality may have decreased along with the
length of care episodes during the 2005-2015 study
period.

1 Introduction

In recent decades, debate regarding polypharmacy among
old people has been intense [1]. Haider et al. [2] showed
that the prevalence of polypharmacy (use of five or more
drugs) in individuals aged > 77 years increased from 18 to
42% during the 1992-2002 period. Guthrie et al. [3]
reported that, in Scotland between 1995 and 2010, the
percentage of adults with five or more prescriptions nearly
doubled, from 11.4 to 20.8%, and the percentage with ten
or more prescriptions tripled, from 1.7 to 5.8%. Wastesson
et al. [4] showed that polypharmacy among people aged

>75 years in Sweden increased from 43.1% in 2006 to
46.6% in 2013 and that prevalence increased with age. In
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2013 in Sweden, 20% of patients aged > 65 years received
five or more drugs, and 55% of patients aged > 95 years
received five or more drugs.

The risk of complications rises with increasing age and
more medications. Aging, per se, brings physiological and
functional changes [5] that lead to increased sensitivity to
drugs [6]. Receiving more drugs increases the risk of
inappropriate drug use (IDU) such as the potential for
drug—drug interactions [7, 8]. A lower quality of drug use
among the elderly can lead to drug-related illness [9-12].

Both the extent and the pattern of drug use differs
between females and males: According to SNAC-K
(Swedish National Study on Aging and Care in Kung-
sholmen), in Stockholm in 2007 [1], 51.4% of the females
and 33.2% of the males received analgesics. The corre-
sponding percentages for psychotropic drugs were 48.3%
for females and 30.8% for males. Females had a signifi-
cantly higher prevalence of drug prescriptions than did men
and would therefore be at higher risk for complications and
in greater need of interventions.

Wickop et al. [13] compared three protocols to detect
potentially inappropriate medication (PIM) in a German
hospital. They found the prevalence of PIM varied between
protocols and that all three showed a higher prevalence of
PIM during the hospital stay than before and after the care
episode.

Studies on the impact of geriatric care on quality in drug
prescription are scarce and report conflicting results.
A Danish study of effects of a geriatric care episode [14]
showed that anticholinergic and benzodiazepine prescrip-
tions were reduced significantly (and to a greater degree) in
the geriatric ward than in other medical wards. In contrast,
Dauphinot et al. [15] reported that the use of anticholin-
ergic and sedative drugs increased during stays in three
French geriatric clinics. Larsen et al. [16] reported that
geriatric care resulted in relatively few changes in medi-
cation prescriptions.

Consequently, the overall aim of this study was to
investigate trends in long-term drug prescriptions and
factors that contribute to prescription changes. Specific
objectives were to (1) find out whether a high number of
prescription changes were significantly correlated with age,
sex, comorbidity, length of care episode, and number of
drugs and (2) determine whether the findings were repre-
sentative for geriatric patients in general.

2 Methods
2.1 Subjects and Setting

Study subjects were patients with pneumonia who were
admitted to a geriatric clinic (Brommageriatriken,
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Stockholm, Sweden) with 129 inpatient beds during 2005,
2010, and 2015.

To be included, patients had to have had a diagnosis
code of J189.9 (pneumonia) according to the International
Statistical Classification of Diseases and related Health
Problems, tenth revision, Clinical Modification (ICD-10-
CM) registered as the primary diagnosis.

For patients treated for pneumonia more than once, only
the first care episode was included because we did not want
to miss changes that were likely to have already been made
during a previous geriatric care episode. Patients who died
during the care episode were excluded because drug pre-
scriptions at discharge was an important factor in the
analyses. We do not believe this led to a selection of less
serious cases, since patients with both one and several care
episodes were included.

2.2 Data Collection

In 2005, patient age and sex, the length of their care epi-
sode, and their comorbidities [17] were extracted from
Cosmic (Cambio Healthcare Systems, Stockholm, Swe-
den), which was the data system in use at the clinic at that
time. In 2010 and 2015, data were extracted from TakeCare
(CompuGroup Medical, Stockholm, Sweden), which was
the data system in use at the clinic as of 2008. Similar
clinical data were registered in both systems. The different
information systems did not influence data collection or
results concerning regularly used drugs.

All regularly used drugs at admission and discharge and
prescription changes during the care episode that were still
current at discharge were also extracted.

Drugs related to the primary diagnosis of pneumonia
were not included in the analysis as they were used only
temporarily. Drugs administered as needed were likewise
not included because they were not consistently registered
throughout the study periods.

Sweden’s National Board of Health and Welfare
[18, 19] proposed “indicators for good drug therapy among
the elderly,” and these indicators were used to assess
quality effects due to prescription changes: (1) presence of
long-acting benzodiazepines, (2) presence of anticholiner-
gic drugs, (3) presence of duplicate drugs, (4) concurrent
use of three or more psychotropic drugs, (5) prevalence of
drug combinations that may cause class C drug—drug
interactions [those that may lead to altered effects or
adverse drug reactions (ADRs) but may be managed with
individual dosage and/or plasma concentration monitoring
of the drug], and (6) prevalence of drug combinations that
may cause class D drug—drug interactions (those that may
lead to serious clinical consequences in the form of severe
ADR or lack of effect or is otherwise difficult to manage
with individual dosage).
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Based on these indicators, the present study developed
an index of IDU to measure the quality of drug prescribing.
The index score was the sum of the instances of at least one
occurrence of each of the six aforementioned indicators.
Therefore, a lower index score during a care episode
indicated an improvement in prescribing quality.

2.3 Data Analyses

Data were analyzed using Stata, version 10 (College Sta-
tion, TX, USA). A p value <0.05 was considered statisti-
cally significant.

We used Student’s ¢ test to evaluate differences between
years regarding age, length of care episode, and number of
drugs at admission and discharge; the PR test to calculate
the percentage of females; and Wilcoxon’s rank sum test to
evaluate the Charlson’s comorbidity index (CCI) score and
the IDU index score. We used linear regression analyses to
evaluate the correlation between endpoint prescription
changes and age, sex, length of care episode, comorbidity,
number of drugs, and the IDU index score.

All factors were entered into the study’s statistical
model and considered to be potential confounders or effect
modifiers.

To evaluate the representativeness of patients with
pneumonia for all geriatric patients in the clinic, we com-
pared the age, sex, and length of care episode of those in
the study with those of all patients in the clinic each year.

3 Results

Over the 3 years studied, 146, 134, and 140 patients,
respectively, were included. The proportion of females was
55, 53, and 57%, respectively (Table 1).

Between 2005 and 2015, the length of the care episode
decreased consistently and comorbidities assessed with the
CClI increased significantly. The CCI score was higher for
males than for females each year: 2.3 for males versus 1.6
for females in 2005; 2.9 versus 1.7 in 2010; and 3.0 versus
1.8 in 2015.

The number of drugs at admission and discharge was
higher in 2010 and 2015 than in 2005, whereas the number
of drug changes increased between 2005 and 2010 and
decreased thereafter. The changes in IDU index score were
significant when comparing 2015 with both 2010 and 2005
(Table 2).

Regression analyses were performed to estimate the
correlation between the factors studied and the endpoint
prescription changes. The analyses showed that the only
factor correlated with drug changes during all 3 years was
the length of the care episode. In 2015, comorbidity was
the factor most significantly correlated to drug changes.

However, the length of the care episodes contributed
(Table 3). Age and sex were not significantly associated.

We further examined whether any of the variables could
be confounders or effect modifiers of the correlation
between drug changes and length of care episodes.
Adjusting for age cancelled the association in 2010, but
this effect disappeared when we studied data from all
3 years.

When analyzing data from all 3 years, we found a crude
correlation between drug changes and length of care epi-
sodes, with a coefficient of 0.0816. When adjusting for the
other factors, the correlation was virtually unchanged
(0.0807). Thus, according to our model, for each day by
which the length of care episode shortened, the prevalence
of drug changes decreased by 8%.

To evaluate the representativeness of the study, we
compared the demographics of patients in the study with
those of all patients admitted to the entire geriatric clinic in
2010 and 2015 (n = 3591 and n = 4436, respectively).
Results showed that patients in our study were slightly
older: the mean age in 2010 was 85.2 years in the study
and 83.3 years in the clinic, whereas the mean age in 2015
was 84.0 years in the study and 83.9 years in the clinic.
The average length of the care episode was similar in the
study and entire clinic populations: in 2010, patients were
treated for 11.19 days in the study versus 10.8 days in the
clinic, and in 2015, patients were treated for 9.9 days in the
study versus 9.6 days in the clinic. The percentage of
females was lower in the study than in the entire clinic
population: in 2010, the percentage of females was 53.0%
in the study versus 64.3% in the clinic, whereas in 2015,
the corresponding numbers were 57.1 versus 62.5%.

To better understand the difference in percentage of
females between the study and the entire clinic, we mea-
sured the percentage of chronic obstructive pulmonary
disease (COPD), which constitutes a risk for pneumonia.
Our analysis revealed that COPD in the entire clinic was
more common among males than females (10.3 males vs.
9.4% females in 2010 and 11.0 males vs. 9.3% females in
2015), although differences were moderate. In the study,
COPD was more common in both sexes (25.7% males vs.
20% females in 2010 and 28.3% males vs. 22.5% females
in 2015). In addition, overrepresentation of males in 2010
was 9.6% in the clinic and 28.5% in the study. In 2015, the
overrepresentation of males was 18.3% in the clinic and
25.8% in the study.

4 Discussion
Our study shows that patients at the geriatric clinic had

significantly more comorbidities and received more drugs
but had significantly shorter hospital stays and fewer
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Table 1 Characteristics of the
study subjects in 2005, 2010,
and 2015

Characteristics 2005 2010 2015

N 146 134 140

Age (years) 843+7.0 852+6.8 84.0+8.7
Sex, % females (n) 54.8 (80) 53.0 (71) 57.1 (80)
Length of care episode (days) 122+8.0 10.8£5.9 99+48
Mean CCI score 1.9 2.2 24
Number of drugs at admission 64+38 83+39 8.8+4.3
Number of drugs at discharge 6.34+3.8 79+39 8.8+43
Number of drug changes 1.88 £ 1.80 2.13+£1.86 1.1+14
Mean IDU index at admission 0.50 0.57 0.66
Mean IDU index at discharge 0.49 0.41 0.70
Mean IDU index, change during care episode —0.01 —0.16 0.04

Data are presented as mean = standard deviation unless otherwise indicated

CClI Charlson’s comorbidity index, /DU inappropriate drug use

Table 2 Significance of mean differences between the years concerning the factors studied

Tests of differences between years

2010 vs. 2005

2015 vs. 2010

2015 vs. 2005

Age, mean difference in years (p value, t test)

Proportion of females, difference in %, (p value, PR test)
Length of care episode, mean difference in days (p value, ¢ test)
Comorbidity (p value, Wilcoxon’s rank sum-test, z)

Number of drugs at admission, mean difference (p value, ¢ test)
Number of drugs at discharge, mean difference (p value, 7 test)
Drug changes, mean difference (p value, # test)

IDU index, mean difference (p value, Wilcoxon’s rank sum-test, z)

0.94 (0.260) —1.20 (0.206)
0.018 (0.762) —0.042 (0.489)
— 1.44 (0.848) —0.92 (0.160)

1.51 (0.130) 2.40 (0.016)*
1.87 (<0.001)* 0.56 (0.259)
1.63 (0.001)* 0.85 (0.086)

0.26 (0.2140)
—2.79 (0.005)*

—1.03 (<0.001)*
4.29 (<0.001)*

—0.27 (0.777)
—0.023 (0.689)
—2.35 (0.003)*
4.09 (<0.001)*
2.43 (<0.001)*
2.48 (<0.001)*
—0.78 (<0.001)*
1.70 (0.088)

Data are presented as mean =+ standard deviation unless otherwise indicated

IDU inappropriate drug use
*p <0.05

prescription changes in 2015 than 10 years earlier. We also
found that a higher number of prescription changes corre-
lated with longer hospital stays and a lower IDU index
score. Moreover, the association between the geriatric care
episode and the quality of drug prescription was positive
during 2010 but negative during 2015 as per the IDU index
score.

The pattern over time between 2005, 2010, and 2015
showed significant changes in several factors. The number
of drugs at admission and the number of comorbidities
increased, whereas the length of the care episode and the
prevalence of drug changes decreased. Thus, patients had
more comorbidities and received more drugs but were
treated for a shorter period of time and geriatricians made
fewer changes to their prescriptions in 2015 than in 2005.

When comparing the patients in our study with those
from the entire geriatric clinic, we identified an overrep-
resentation of males in our study. More males than females
had COPD at admission, which is one explanation for the
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overrepresentation. Our data also showed that the males in
our study had more comorbidities, as indicated by CCI
score, possibly increasing the need for hospital care for
their pneumonia, which may also have contributed to the
sex distribution.

In contrast to our expectations, we found that only one
factor—length of care episode—was significantly (posi-
tively) correlated to prescription changes over the studied
years. Although comorbidity also correlated to drug
changes in 2015, prescription changes decreased along
with the length of the care episode between 2010 and 2015,
whereas, at the same time, comorbidity increased. When all
3 years were studied together, the only significant factor
was again the length of the care episode. We find it sur-
prising that comorbidity did not systematically correlate to
the prescription changes and that age and number of drugs
did not correlate at all.

There may be various reasons for this consistent corre-
lation. Either (1) patients are subject to fewer prescription
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Table 3 Regression analyses Correlation with endpoint drug changes Coefficient SD p value 95% CI
on the correlation between
length of care episode, 2005
comorbidities, inappropriate Length of care episode 0.071 0018  <0.001*  0.036-0.106
drug use index, and the endpoint
prescription changes Comorbidity —0.046 0.055 0.396 —0.061 to 0.154
IDU index change —0.659 0.463 0.157 —1.574 to 1.612
2010
Length of care episode 0.106 0.026 <0.001* 0.055-0.158
Comorbidity 0.012 0.062 0.844 —0.112 to 0.136
IDU index change 0.699 0.326 0.034%* 0.055-1.344
2015
Length of care episode 0.053 0.025 0.033%* 0.004-0.102
Comorbidity 0.182 0.056 0.001* 0.072-0.293
IDU index change 0.077 0.512 0.880 —0.936 to 1.091
All data
Length of care episode 0.082 0.013 <0.001* 0.057-0.107
Comorbidity 0.056 0.035 0.101 —0.011 to 0.124
IDU index change 0.840 0.223 <0.001* 0.400-1.278

CI confidence interval, IDU inappropriate drug use, SD standard deviation

p <0.05

changes when care episodes are shorter or (2) the care
episodes are shorter because patients need fewer drug
changes. However, because (1) the length of care episodes
decreased and (2) the quality of drug prescribing (accord-
ing to the IDU index score) also decreased from 2005 to
2015, it is unlikely that the length of the care episode was
determined by the need to change prescriptions.

The present study indicates that scientific updates
sometimes translate slowly into clinical practice. Although
varying protocols to decrease inappropriate drug prescrip-
tions have been developed over the years, the need for
healthcare services to decrease the length of the care epi-
sode appears to have been prioritized, seemingly at the
expense of the quality of care.

Given that the number of prescription changes is con-
sidered a quality factor in geriatric care, this major finding
raises questions about how observed reductions in contin-
uous care episode (in a geriatric clinic over the last decade)
have affected the quality of patient care. Care episode
reductions raise productivity but may result in loss of
quality.

4.1 Limitations

Drugs related to the primary diagnosis of pneumonia were
not included in the analysis as they were used only tem-
porarily. Drugs administered as needed were likewise not
included because they were not consistently registered

throughout the study periods. This may have decreased the
number of potential drug interactions.

As a model for a care episode for an average geriatric
patient, we selected patients who were admitted for pneu-
monia treatment, but this is not an established method. That
said, the criterion was applied because pneumonia is
common, affects many old patients, and is a condition that
does not promote changes in long-term prescriptions.

The study population was slightly older and had a higher
percentage of males than the entire clinic population. This
may be due to a higher percentage of study patients with
COPD in the study, which is a risk factor for pneumonia.
This suggests that study patients had more comorbidities
than the average patient in the clinic. But because comor-
bidity, age, and sex were not found to be correlated with
the endpoint prescription changes in this study, these dif-
ferences may not be of great relevance.

Clinical severity is a factor that could influence pre-
scription changes. However, it is difficult to extract clear
and measurable assessments on clinical severity from
medical journals, and we did not have access to that
information. We used the CCI to assess comorbidities,
although we are aware it does not reflect clinical severity.

Other changes not investigated in this study may have
occurred during the study period and may have influenced
prescription changes. For example, most study patients
were transferred from other hospitals; consequently, they
probably had shorter care episodes and may have been in a
more severe or less stable condition when they arrived at
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the geriatric clinic in 2015 compared with patients in 2005.
The content of care at the geriatric clinic may also have
changed in ways that we did not evaluate.

5 Conclusion

Study patients had significantly more comorbidities and
prescriptions but were treated for a shorter time period and
had fewer prescription changes in 2015 than in 2005. More
prescription changes were significantly associated with
longer care episodes and improved drug-prescribing quality
as per the IDU index score. The association between
geriatric care episodes and drug prescribing quality was
positive in 2010 and negative in 2015, according to the
IDU index score.

Given that number of prescription changes is considered
a quality factor within geriatric care, quality of care may
have decreased along with the length of care episodes
during the 2005-2015 study period.
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