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ABSTRACT
Objectives: To investigate drug regimen changes
during hospitalisation and explore how these changes
are handled after patients are transferred back into the
care of their general practitioners (GPs).
Design: Cohort study.
Setting: Patients in this multicentre study had
undergone at least one change in their drug regimens at
discharge from the general medicine departments at six
hospitals in Norway. These changes were altered doses,
discontinuation of drugs or start of new drugs. Clinical
pharmacists visited the patients’ GPs 4–5 months after
patient discharge and recorded any additional drug
regimen changes.
Results: In total, 105 patients (mean age 76.1 years,
54.3% women) completed the study. On average, they
used 5.6 drugs at admission (range 0–16) and 7.6 drugs
at discharge (range 1–17). On average, 4.4 drug changes
per patient (SD 2.7, range 1–16) were made at the
hospital, and 3.4 drug changes per patient (SD 2.9,
range 0–14) within 4–5 months of discharge. Of the 465
drug changes made in hospital, 153 were changed again
after discharge (mean 1.5 per patient, SD 1.8, range
0–13). The drug regimens of 90 of these 105 patients
were changed after discharge. The OR for extensive drug
changes after discharge (≥ 4 changes) increased
significantly with the number of drugs used at discharge
from hospital (OR=1.29, 95% CI 1.04 to 1.59). Only 68
of 105 discharge notes contained complete drug lists,
and only 24 of the discharge notes were received by the
GPs within 7 days.
Conclusions: In addition to the extensive changes in
drug regimens during hospitalisation, almost equally
extensive changes were made in the initial months after
discharge. Surveillance of drug regimens is particularly
necessary in the period immediately after hospital
discharge.

INTRODUCTION
Patients have contact with different parts and
levels of the healthcare system throughout
their lives. When a patient is transferred
between different levels of care, it is crucial
that his/her needs are communicated well,
and not least is it important that the patient’s

drug regimen is correctly and accurately
reported. Hospitalisation and, possibly even
more so, discharge from hospital are critical
junctures at which failures in communication
might occur.
Changes in drug regimens undertaken

during hospitalisation have been investigated
to some degree but they have barely been
examined in relation to the transfer of
patients into the care of their general practi-
tioners (GPs).1–7 However, in a study based
on a prescription database, it was found that
hospitalisation exerted a marked influence
on changes in drug therapy in ambulatory
care.7 In a study of patients from one single
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general practice, medication changes were reported for
patients followed to hospital and back into primary
care.4 In two studies, patients were interviewed after dis-
charge, but the GP’s role was not explored.5 6 This issue
is important, because changes made in hospital must
often be followed by the patient’s GP. This pertains to
dose increases or dose reductions and drug discontinua-
tions after definite time periods, and laboratory tests are
sometimes required to evaluate drug therapies properly.
Poor communication about drug regimens could have
negative consequences for patients, and probably even
contribute to increased mortality.5

Drug changes that occur when patients are transferred
between levels of care are not easily studied. However, in
this study, pharmacists from the hospitals visited the
patients’ GPs in their practices. The aim of this study
was to investigate the drug regimen changes instituted
during hospitalisation and how these changes are
handled after the patients are transferred back into the
care of their GPs.

METHODS
Design and patients
This multicentre study was approved by the Norwegian
Regional Committee for Medical Research and the
Norwegian Social Science Data Services. During three
2-week periods in 2008 and 2009, clinical pharmacists
included patients from the general internal medicine
departments of six different hospitals in Norway.
Patients eligible for the study were aged 18 years or
more, and had experienced at least one change in their
drug list at discharge compared with the drug regimen
they had at admission to hospital. The changes could be
dosage alterations, discontinuation of a drug or start of
a new drug. Changes in the doses of drugs given in vari-
able and individualised doses, such as warfarin and
insulin, were not recorded as drug changes, nor were
the substitution of a generic drug recorded as a change.
Temporary drug changes in hospital or temporary
changes in doses during hospital stay were not recorded,
because our aim was to investigate the follow-up of the
medications after discharge. The eligible patients were
consecutively included in the three 2-week study
periods. Re-admitted patients were not included. The
patients gave their written informed consent to partici-
pation in the study, and also permission for the pharma-
cists to visit their GPs after their discharge to assess how
their medications had been handled after discharge.
Almost all eligible patients admitted to the participating
wards accepted to take part in the study and we esti-
mated that more than 95% of the eligible patients were
actually included.

Data collection
A standard data recording form was used. In a pilot
study, the form was tested and found applicable for our
study purpose. In hospital, the pharmacists recorded the

patient’s sex, age, length of stay, drugs and doses used—
both regularly used drugs and drugs used as required—
at hospital admission and at discharge. The patients’
admission drug regimen, obtained from the medical
charts worked out by the physicians at the patients’
admission to hospital, was entered into the standard
form. The drugs were recorded by trade name and clas-
sified according to the anatomical therapeutic chemical
(ATC) classification system.8 Some specific factors that
may influence drug use, and risks associated with drug
use, were also recorded. These factors have been investi-
gated by our group in other studies; details are given
elsewhere.9 They are, by nature, a composition of
pharmacological, clinical and patient-related factors,
here called clinical/pharmacological risk factors. The
following were recorded: laboratory data (creatinine
clearance, liver function tests and electrolytes), blood
pressure and the presence of heart failure, renal failure
or metabolic diseases (diabetes mellitus and thyroid dis-
orders). The data were recorded based on the informa-
tion in the patient’s medical record.
The discharge note for each patient was collected at

the hospital. These notes are electronically prepared by
physicians and give a short report of the patient’s hos-
pital stay, including among other things information
about his/her drugs and scheduled follow-up visits. The
data were recorded retrospectivey and constituted part I
of the study.
The medical records in hospital, including the dis-

charge note, were electronical; however, the hospital
medication charts were hand-written. There was no
direct transfer of the hospital medication list to the dis-
charge note. The discharge notes were addressed to the
patient’s GP, and mainly sent by post or, if possible, elec-
tronically transferred. The latter transfer method was, at
the time of data collection, available for only a minority
of the discharge notes.
In part II of the study, each individual patient’s GP

was visited 4–5 months after the patient’s discharge by
the same pharmacist who conducted part I of the study.
In the interview, the GP was asked to provide the
patient’s drug regimen and also report changes under-
taken after discharge. The GP’s information on medica-
tions was compared with the medication list given in the
discharge note, of which the pharmacist had a copy.
Medication changes carried out in the period after dis-
charge were noted. The following were recorded: drugs
used regularly or as required, drug doses, laboratory
data (such as creatinine clearance and electrolytes),
blood pressure and number of visits or re-admissions to
hospital after discharge. It was also recorded whether
and when the GP had received the discharge note relat-
ing to the hospitalisation in question.
For practical reasons, we chose to explore the post-

discharge medications after 4–5 months. At this time,
the GPs were supposed to have received the discharge
note from the hospital and had had the possibility to
call in patients in need of follow-up, in accordance with
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advice in the discharge note. Also, by this time, the
patients might have contacted their GP because they
needed more prescriptions as in general neither medica-
tion supply nor prescriptions are given from hospitals.
However, drugs started during hospital stay are pre-
scribed for a short period, usually for about 1–3 months.
Thus, 4–5 months seemed to be an appropriate time, at
which the majority of the patients would have been in
contact with their GP.

Statistical analysis
A database was established and the data were analysed
with SPSS V.19.0 for Windows. Descriptive statistics are
given as means and SD for continuous variables and as
frequencies for categorical variables. To test for differ-
ences between the group of patients that completed only
part I and the group that completed both parts, an
independent-sample t test was used for continuous vari-
ables, and Pearson’s χ2 tests was used for categorical vari-
ables. The Mann-Whitney test was used for variables that
were not normally distributed, for example, length of
stay. Comparisons were made between those patients who
had undergone extensive drug changes and those who
had fewer drug changes in parts I and II of the study. A
patient was defined as having undergone extensive drug
changes if he/she had experienced more than the mean
number (the first whole number above the average) of
drug changes per patient. The patients were treated as
independent observations, as most GPs had only one
patient in the study and there was no tendency that
groups of patients could be linked to one specific GP.
The numbers of changes were not normally distribu-

ted, and it was difficult to achieve normally distributed

residuals, even when standard transformations such as
log-transformation were applied to this variable.
Therefore, a logistic regression analysis was conducted
instead, with the numbers of changes above/and below
the mean number for all patients. This analysis was per-
formed to determine the associations between extensive
drug regimen changes in hospital (dependent variable)
and the patient characteristics and number of drugs at
admission (independent variables). A corresponding
analysis of the extensive drug changes made in the post-
discharge period (dependent variable) against the same
independent variables was also performed, and also
against the number of drugs used at discharge and
whether or not the GP had received the patient dis-
charge note. A multivariate explorative analysis of the
abovementioned dependent and independent variables
was also performed, where only variables with p values
less than 5% in the binary analysis were retained in the
model. p Values of less than 0.05 (p<0.05) were consid-
ered statistically significant.

RESULTS
In total, 184 patients were included in the study, 105 of
whom completed both parts I and II. The most
common reason that 79 patients missed part II was that
their GPs could not or did not want to schedule a
meeting for an interview. Two patients died before
follow-up.
The 105 patients who fulfilled both parts of the study

were taking a total of 584 drugs (mean 5.6 drugs per
patient) at admission, 29 of which were drugs taken as
required (table 1). At discharge, these patients were
taking 794 drugs (mean 7.6 per patient), 71 of which

Table 1 Patient characteristics, number of drugs used and number of drug changes in hospital and after discharge

184 105

No. of patients Per cent (SD) Per cent (SD)

Hospital stay

Gender: % female 55.4 (3.6) 54.3 (4.9)

Patients with heart failure 23.4 (3.1) 17.1 (3.8)

Patients with GFR <50 ml/min 33.7 (3.5) 34.6 (4.6)

Patients with metabolic

disease

26.8 (3.3) 27.6 (4.4)

Mean (SD) [range]) Mean (SD) [range]

Age 76.2 (13.4) [22–98] 76.1 (12.3) [41–95]

Length of stay at hospital

(days)

11.2 (11.8) [1–101) 12.0 (13.3) [1–101)

Drugs on admission (all) 6.2 (3.8) [0–17] 5.6 (3.6) [0–16]

Drugs at discharge (all) 8.2 (3.9) [1–20] 7.6 (3.5) [1–17]

Drug changes at hospital 4.6 (2.7) [1–16] 4.4 (2.7) [1–16]

After discharge

Drug changes after discharge 3.4 (2.9) [0–14]

Drug changes at hospital that

were changed again after

discharge

1.5 (1.8) [0–13]

Patients were enrolled in hospital (participated in part I), n=184 patients; of these, n=105 patients, were followed after discharge (participated
in part II). SD is shown in brackets. GFR, glomerular filtration rate.
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were drugs taken as required (table 1). There was no
statistically significant difference between the 79 patients
who missed part II and the 105 patients who completed
both parts of the study in terms of their sex, age or
lengths of stay. However, the 79 patients who did not
complete the study used more drugs (regularly and as
required) than those patients who completed both parts
both at admission (mean 7.0 vs 5.6 drugs per patient,
respectively, p=0.01, 95% CI 0.33 to 2.55) and at dis-
charge (mean 9.0 vs 7.6 drugs per patient, respectively,
p=0.01, 95% CI 0.35 to 2.59). Heart failure was also
recorded more often among these patients (31.6% vs
17.1% of patients, respectively, p=0.02).
At discharge, the 105 patients, who completed both

parts of the study, had undergone 465 changes in their
drug regimens, a mean of 4.4 changes per patient rela-
tive to their drug regimens at admission (table 1).
Eighty (76.2%) of the 105 patients had undergone three
or more drug changes during their hospital stays.
Table 2 shows types and numbers of drug changes and
also the drugs most often involved in changes both at
the hospital and at the follow-ups with the GPs.
A total of 88 different GPs were interviewed about the

drug regimens for the 105 patients. Only13 of the GPs
had more than 1 patient in the study: one had 4
patients, 2 had 3 patients and 10 GPs had 2 patients.
Drug regimen changes were made after discharge for 90

of the 105 patients, and 57 (54.3%) underwent three or
more drug changes, at their GPs. Of the 465 drug changes
undertaken in hospital, 153 (32.9%) were changed again
after discharge (mean 1.5 per patient; table 3).

We assessed the OR for extensive drug changes (≥5;
table 1) during hospitalisation with a logistic multivariate
analysis, and 39.1% of the patients had underwent this

Table 2 Number of changes in drug regimens during hospital stay, and within 4–5 months after discharge from hospital

No. of drugs Mean (SD) Drug groups by ATC involved in changes (number of times)

Changes during hospital stay

Start 304 2.9 (2.1) Antitrombotics B01A (56), betablocking agents C07A (18),

laxantia A06A (17), hypnotics N05C (16). Drugs most often

involved: acetylsalisylicacid, warfarin and metoprolol

Dose adjustment 66 0.6 (0.9) Betablocking agents C07A (9), diuretics C03C (7), digitalis

glycosides C01A (6). Drugs most often involved: metoprolol and

loop-diuretics

Stop 95 0.9 (1.2) Antitrombotics B01A (12), ACE inhibitors C09A/B (8),

betablocking agents C07A (7), diuretics C03C (7). Drugs most

often involved: loop-diuretics and metoprolol

Changes by GP after hospital stay

Start 134 1.3 (1.4) Opioid analgesics N02A (17), weak analgesics N02B (12). Drugs

most often involved: paracetamol and combination of codeine/

paracetamol

Dose adjustment 73 0.7 (1.1) Adrenergics for inhalation R03A (9), diuretics C03C (6), oral

glucocorticoids H02A (6). Drugs most often involved: metoprolol

and prednisolon

Stop 150 1.4 (1.8) Antithrombotic agents B01A (14), hypnotics N05C (13), oral

glucocorticoids H02A (11). Drugs most often involved: zopiclone

and prednisolon

Number of changes* is shown on the ATC-3 level for drug groups that were most often changed. n=105 patients
*Some of the patients had more than one change.
ATC, the anatomical therapeutic chemical classification for drugs8; GP, general practitioner.

Table 3 Types of changes performed during hospital stay

and the fate of these changes 4–5 months after discharge*

Number of

patients* (%)

Type of change

performed at

hospital

Results after 4–5

months

(Number of

drugs) (%)

Starting new drugs Discontinuation of

the drug

44 (46.3%)

95 patients (304

drugs)

(86) (28.3)

Changing dose 15 (15.8)

(18) (5.9)

No change 86 (90.5)

(200) (65.8)

Changing dose Discontinuation 11 (24.4)

45 patients (66 drugs) (13) (19.7)

Changing dose 14 (31.1)

(15) (22.7)

No change 26 (57.8)

(38) (57.6)

Discontinuations Started again 14 (24.1)

58 patients (95 drugs) (21) (22.1)

No change 47 (81.0)

(74) (77.9)

In brackets, number of drugs involved. n=105 patients.
*Some of the patients had more than one type of change.
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many changes. The incidence of extensive changes
increased significantly with female sex (OR=2.59, 95%
CI 1.04 to 6.45) and length of stay (OR=1.08, 95% CI
1.02 to 1.13) whereas age, the number of drugs at admis-
sion and comorbidities showed no association (table 4).
Furthermore, the OR for extensive drug changes after
discharge (≥4 changes; table 1), 41.9% of the patients
underwent these many changes, increased significantly
with the number of drugs used at discharge from hos-
pital (OR=1.29, 95% CI 1.04 to 1.59).
Among the 105 discharge notes prepared for these

patients, only 68 included a complete medication list, and
only 24 of the discharge notes were received by the GPs
within 7 days. For 17 of the patients, the discharge note
was not received by the GP at the time of follow-up visit.

DISCUSSION
This study has shown that extensive changes in drug
regimens were made during these patients’ hospital
stays. This is not surprising because hospitalised patients
are often seriously ill or are experiencing deteriorations
in chronic diseases. It is noteworthy that three-quarters
of the patients were discharged with at least three
changes to their drug regimens relative to their drug
regimens at admission. The addition of new drugs mark-
edly exceeded the number of drug discontinuations.
Other studies have also reported that drug regimens are
frequently changed during hospital stays.3 4 7 10

However, Himmel et al3 did not state whether the
changes were continued until discharge from hospital,

and in a one-day survey, Karapinar et al10 did not report
whether these changes were maintained after discharge.
Grimmsmann et al7 compared prescriptions during a
3-month period before admission and after discharge
but did not relate the changes to the medication list at
discharge. In comparison, we recorded changes that
were to be continued after discharge. Information about
drug regimen changes is a vital part of the patient trans-
fer process from hospital into primary care, because
many drug changes must be followed up and evaluated
in the postdischarge period.
Of particular note is the finding that in addition to the

extensive drug changes made during hospitalisation,
almost equally extensive changes were made in the first
months after the patients were discharged from hospital
(3.4 vs 4.4 drug changes per patient, respectively). There
are several reasons for this, one of which is poor communi-
cation between hospitals and GPs. An unsatisfactory delay
in the receipt of discharge notes is part of this problem.
GPs received the patients’ discharge notes within a week
for only a quarter of the patients whose drug regimens
were altered by the GP. The non-appearance of informa-
tion from the hospital might lead the GP to change the
patient’s drug regimen at his/her own discretion, a view
supported by Kriplani et al.11 In the 1996 study by Himmel
et al,4 GPs received discharge letters for only 5 of 130
patients, illustrating how difficult it may be to maintain a
patient’s drug list. Although our findings showed some
improvement, this issue is still highly relevant 15 years later.
Besides their timeliness, the content and quality of the

discharge notes will affect how the patients’ drug regimes

Table 4 Associations between extensive drug changes, ≥5 in hospital and ≥4 after discharge, and various variables

Dependent variable: ≥5 changes in drug regimen versus fever drug changes during hospital stay

Univariate Multivariate

p

Values OR 95% CI –p Values OR 95% CI

Gender (female=1, male=0) 0.02 2.60 1.14 to 5.91 0.04 2.59 1.04 to 6.45

Age 0.95 1.00 0.97 to 1.03 ns

Length of stay 0.01 1.06 1.02 to 1.11 0.01 1.08 1.02 to 1.13

No.of drugs* at admission 0.51 1.04 0.93 to 1.16 ns

Reduced renal function (CrCl<; 50 ml/min) (no=1, yes=0) 0.08 2.09 0.91 to 4.78 ns

Heart failure (yes=1, no=0) 0.99 0.99 0.35 to 2.81 ns

Dependent variable: ≥4 changes in drug regimen vs fever drug changes at the follow-up visit at GP

Gender (female=1, male=0) 0.66 1.19 0.55 to 2.60 ns

Age 0.89 1.00 0.97 to 1.04 ns

Length of stay 0.27 1.02 0.99 to 1.05 ns

Number of drugs* at admission 0.00 1.34 1.16 to 1.54 ns

No.of drugs* at discharge 0.00 1.41 1.21 to 1.64 0.02 1.29 1.04 to 1.59

No.of drug changes at hospital 0.04 1.18 1.01 to 1.38 ns

Discharge note received within the time of follow-up

(1=no, 1=yes)

0.45 1.51 0.52 to 4.41 ns

Reduced renal function (CrCl<; 50 ml/min) (no=1, yes=0) 0.64 1.22 0.54 to 2.75 ns

Heart failure (yes=1, no=0) 0.78 0.86 0.30 to 2.43 ns

n=105 patients.
*Drugs used regularly and as required are included
GP, general practitioner; ns, not-significant.
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are followed up after discharge.10–13 We found that only
68 of the 105 discharge notes contained complete drug
lists. The missing information might explain, at least in
part, the extensive postdischarge drug changes.
Another reason that GPs changed their patients’ medica-

tions might be that the hospital changes were in response
to an acute illness, so after stabilisation in primary care, the
changes were no longer relevant. In such cases, this reversal
is well founded. Our finding that about one-third of the
changes made in hospital were changed again in the
context of primary care supports this explanation.
In this study, we looked for factors that predicted

extensive drug changes. We did not identify major pre-
dictors, although female sex and length of hospital stay
were associated with extensive changes in hospital, and
the number of drugs at discharge was associated with
extensive changes after discharge. The latter association,
more specifically, an association between in-hospital
changes and changes made 1 month after discharge has
also been reported by others,5 and is consistent with the
results of our univariate regression analysis.
Differences in the healthcare systems of various coun-

tries, together with differences in health incentives and
audits in relation to the prescription of drugs, imply that
studies should be compared with caution.4 Therefore,
the topic of drug regimen changes related to the trans-
fer of patients between different levels of care should be
explored within various specific healthcare settings.
We did not scrutinise in depth the types of drugs

involved in these drug changes. However, the most
common medications that were altered in hospital were
those for the treatment of a new disease, or deterior-
ation of an existing disease, whereas the changes made
at the GPs most commonly involved drugs for the relief
of symptoms, such as hypnotics and analgesics. This dif-
ference is a natural reflection of the organisation of the
healthcare system wherein GPs are expected to care for
the whole patient, whereas hospital specialists concen-
trate on emergency situations and specialised medicine.
Health professionals, as well as the patients themselves,

should be aware that drug regimens are most likely to be
adjusted or even changed profoundly during transfer
between different levels of care. Maximum efforts
should be made to inform all the parties involved about
all drug changes. In essence, this is about creating a
culture of efficient and trustworthy communication
between levels of care. Health professionals, health
authorities and patients all have roles to play in this task.
A limitation of our study is that we were unable to visit

the GPs of all patients after their discharge. The patients
who completed only part I were very similar to those who
also completed part II in the terms of their characteristics
and drug use, except that the former group used more
drugs on admission and at discharge. Consequently, the
drug regimen of those patients might have been altered
more extensively by the GPs, so an underestimation of the
number of drug changes cannot be ruled out.
Furthermore, it is a limitation that although categories of

drug changes were investigated, the justification for the
individual changes was not evaluated. Another limitation is
related to the accuracy of the information on the patients’
medication at admission to hospital. The collection of data
was based on the recordings done by the physicians. It is a
possibility that these data may have been inaccurate and
accordingly this would have had consequences for the
further evaluations. A standard reconciliation process had
not been introduced in Norway at the time the data were
collected, but it has later come into use.
A strength of our study was its multicentre design,

ensuring the inclusion of patients of all ages (18 years or
more), with a wide range of diagnoses. Thus, our find-
ings could be widely generalisable to patients transferred
between primary and secondary care within our health-
care system. We did not include changes made to accom-
modate the specific drug lists of the participating
hospitals or generic changes. Their inclusion would
have entailed a higher total number of changes, and
such changes might have been reversed again in
primary care. Moreover, in general, these changes are
not associated with impaired treatment, although they
may sometimes cause confusion, with the risk of double
treatment. Another strength of this study was that we
visited the GPs and interviewed them about the drug
regimen of each individual patient. This allowed
hands-on observation of the information flow. To our
knowledge, this time-consuming, but important,
approach has been rarely used by other researchers.

CONCLUSIONS
In addition to the extensive changes in drug regimens
made during hospitalisation, almost equally extensive
changes were made in the first months after the patients
were discharged from hospital. Surveillance of drug regi-
mens is particularly necessary when patients are moving
between levels of care, especially in the period immedi-
ately after hospital discharge. The implementation of an
optimal communication system should be given high
priority.
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