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SE-551 85 Jönköping, Sweden; 4Nordic School of Public Health, Box 12133, SE-402 42 Göteborg, Sweden
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Objectives: To assess the impact of a multifaceted educational intervention concerning treatment of infections
in the nursing home setting.

Methods: We used a cluster randomized controlled trial. Fifty-eight nursing homes in Sweden were randomly
assigned either to educational intervention or control. The intervention consisted of small educational group
sessions with nurses and physicians, feedback on prescribing, presentation of guidelines and written materials.
The primary outcome was the proportion of quinolones prescribed for lower urinary tract infection (UTI) in
women. Secondary outcomes were for all infections: number of UTIs per resident, proportion of recorded infec-
tions treated with an antibiotic, proportion of infections handled by physicians as ‘wait and see’, and for lower
UTI in women, proportion of nitrofurantoin.

Results: Of the 58 nursing homes, 46 completed the study. A total of 702 and 540 infections were recorded
pre- and post-intervention. The proportion of quinolones decreased significantly in the intervention and
control groups, by 20.196 (9/93 to 36/123) and 20.224 (4/66 to 31/109), respectively [95% confidence interval
(CI) 20.338, 20.054 and 20.394, 20.054], but the difference between intervention and control groups was not
significant, with an absolute risk reduction of 0.028 (95% CI 20.193, 0.249). The changes in proportion of infec-
tions treated with antibiotics and proportion of infections handled by physicians as ‘wait and see’ was signifi-
cant in comparison with controls: 20.124 (95% CI 20.228, 20.019) and 0.143 (95% CI 0.047, 0.240). No
intervention effect could be seen for the other outcomes.

Conclusions: The educational intervention had no effect on the primary outcome, but decreased the overall
prescribing of antibiotics.
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Introduction
Inappropriate use of antibiotics is still a common problem in
the nursing home setting and can lead to adverse events for
the residents, development of resistance, increased mortality
and also excessive costs for the care providers.1 – 10 To
address the problem of inappropriate prescribing, a multifa-
ceted educational intervention was developed. The main
focus was on antibiotic treatment for lower urinary tract infec-
tion (UTI) in women, as it is the main indication for antibiotic
treatment in nursing homes.3 Traditionally physicians have
been the target group for interventions concerning prescribing
practices for UTIs in outpatient care.11 – 13 However, as it was

known that 38% of antibiotic treatment in nursing homes is
initiated without direct contact with the physician, we
decided to include the nurses in the intervention as well,
although they are not formally authorized to prescribe anti-
biotics for UTI.1 This was also supported by Loeb et al.14 Chan-
ging professional practice is difficult, and there is no universal
recipe for success, but reviews suggest that multifaceted,
active strategies have a higher likelihood of success than
single interventions.15,16

The aim of this paper is to present the evaluation of a multi-
faceted educational intervention on change in a predetermined
set of outcomes concerning infections in the nursing home
setting.
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Material and methods
We have adopted the CONSORT statement for reporting randomized con-
trolled trials.17,18 Additional information required for cluster randomized
trials has also been reported in accordance with the extension to the
CONSORT statement 2001, expressed in Campbell et al. 2004.19

Design
This study is a cluster randomized controlled intervention study with two
study arms, i.e. intervention and control (Figure 1). The nursing home was
the unit of allocation and intervention, but in the analysis, individual resi-
dent data were used, allowing for clustering on the nursing home level.

Participants/setting
The research coordinator sent an invitation letter to all nurses charged
with medical responsibility within local authority elderly care in Sweden
enquiring about participation in the study (n¼366 at the time of invita-
tion). The inclusion criteria were nursing homes where residents have a
common dining room and staff, and a self-assessed stable staff situ-
ation. Exclusion criteria were specialized nursing homes or wards (e.g.
oncology wards). For a flow chart of the trial, see Figure 1. A pilot
study including seven nursing homes preceded the trial. The aim of the
pilot study was to optimize the instruments and educational intervention
and to enable us to do a sample size calculation. Nursing homes from
different parts of Sweden were included in the main trial. Data from
the pilot study were not included in the analysis of the main trial.

Sample size calculation
The number of clusters needed was calculated as 25 in each arm to have
90% power to detect a 20% relative difference in prescribing of quino-
lones (a¼0.05), assuming a baseline rate of 4.5% quinolone users
based on the pilot study and literature, average cluster size of 60
residents, and an intracluster correlation coefficient (ICC) taken from
the literature of 0.05.20 – 22

Data collection and outcomes
During 3 months from 15 September to 15 December 2003 we collected
baseline data. The parts of the trial relevant to this paper were a
diagnosis-prescribing survey (DPS) (Figure S1) and a nursing home ques-
tionnaire (NHQ) Figure S2 (Figures S1 and S2 are available as Supplemen-
tary data at JAC Online). For the DPS, the nurse responsible was requested
to fill in a form for all patients with infectious symptoms requiring a phys-
ician’s opinion. Recorded information included patient age, sex, indwel-
ling urinary catheter (IUC), if physician was present at the nursing
home, the main infection, antibiotic treatment if prescribed, type of anti-
biotic, treatment length and factors influencing the choice of treatment
or referral of the patient. If a resident had several diagnoses on one
occasion, one form for each infection was recorded. As the purpose
was not to assess the risk for infections in nursing homes, but to
present changes in the prescribing pattern, recurrent infections were
included. We focused on a predetermined set of outcome variables as
indicators for a possible change. The proportion of quinolones for lower
UTI in women was the primary outcome. Secondary outcomes were
the number of UTIs per resident; and for all infections, the proportion
of infections treated with antibiotics and the proportion of infections
handled by physicians as ‘wait and see’; and for lower UTI in women,
the proportion of nitrofurantoin. The proportion of admissions to hospital
was presented as an indicator for the adverse events of the intervention.
The NHQ was used to collect information on the nursing homes, as
specified in Table 1. Intervention was conducted from 25 October 2004

to 21 January 2005. From 14 February to 16 May 2005 we collected
post-intervention data by using the same instruments as for baseline
data collection. The DPS and NHQ were repeated for the nursing homes
and the results were compared with the baseline results.

Random assignment
In 2004, after the baseline DPS, the nursing homes were stratified into
three equal-sized groups based on the number of UTIs per resident for
each nursing home at baseline. To get a geographic spread of the inter-
vention and control, the nursing homes were also divided into three geo-
graphical areas. The nursing homes within each of the nine final strata
were randomly assigned to either intervention or control. E. P. performed
a randomization by computer where 50% in each stratum were randomly
selected to comprise the intervention group.

Educational intervention
The description of the intervention was influenced by the framework for
describing the key features of a quality improvement intervention pub-
lished by Hulscher et al. 2003 (see Figure 2).23 The development of the
intervention began with project group meetings, focus group discussions
with physicians, nurses and nursing assistants working in nursing homes,
and eventually evaluation of the intervention in the pilot study and revi-
sion before the main trial. In addition to feedback and references to avail-
able guidelines, structural, organizational and social barriers to change
were discussed. Material for presentation was developed in the study
group. To make the intervention more context-specific, the participating
physician and hygiene nurse were local, and we also referred to
guidelines from the local drug therapeutic committees. Recommended
treatments for UTI in women were at the time of the trial, pivmecillinam
or nitrofurantoin for 5–7 days and trimethoprim for 3–5 days (note:
national guidelines were changed in 2007). For patients with IUC,
quinolones for 10 days was the recommended treatment.

Statistical analysis
The nursing homes were analysed according to intention to treat (ITT) with
respect to allocation. However, a full application of ITT analysis was not
possible, as complete outcome data were not available for all randomized
nursing homes.24 What separates the analysis from a true ITT is that the
evaluation of the intervention has been done for the 46 nursing homes
remaining at follow-up, i.e. an available case analysis. All questionnaires
were sent to the coordinator for entering and analysis of data using SPSS
17.0 (at the beginning we used SPSS 10.0) software. For precision of
measurement, the 95% confidence interval (CI) is presented both for base-
line characteristics and the main outcome variables. After baseline, the
actual ICC for each variable was calculated in SPSS according to the
mixed effect model. For the primary outcome, the calculated ICC was
0.03. All figures describing the intervention effect are adjusted for the
design effect (Deff), which was calculated for each outcome variable:
Deff¼1+ (n – 1)r, where r is the ICC.25 A multivariable linear regression
was performed in SPSS 17.0 to explore potential confounders: residents’
age; availability of physicians, nurses and nursing assistants; IUC; volume
of disinfection alcohol consumed and special needs of the residents.
Special needs of the residents were calculated as 1/7×Hygprop+1/7×
Clothprop+1/7×Movprop+1/7×Toiprop+1/7×Eatprop+1/7×Pressprop+1/7×
LegProp, where Hygprop is the proportion of residents not managing personal
hygiene; Clothprop is the proportion of residents not managing clothing;
Movprop is the proportion of residents not managing moving around;
Toiprop is the proportion of residents not managing visits to the toilet;
Eatprop is the proportion of residents not managing eating; Pressprop is
the proportion of residents at the nursing home with pressure wounds;
and LegProp is the proportion of residents at the nursing home with leg
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ulcerations. The choice of items was influenced by the Katz ADL score, but
dichotomized to independent or dependent. Two additional items,
pressure wounds and leg ulcerations, were added.26 We chose to give an
equal weight to each of these variables in the calculation.

Ethics
The research was conducted in accordance with the Declaration of
Helsinki. The study was approved by the Regional Ethics Committee in

Nursing homes assessed for eligibility

(n = 65)

Excluded (n = 7) Reasons:

Lost due to insufficient staffing (n = 6)

Miss in communication (n = 1)

Allocated to intervention (n = 29, residents = 1394)

Received intervention (n = 29)

Allocated to control (n = 29, residents = 1143)

Received intervention (n = 2)

Reasons: Attended the education uninvited

Lost to follow-up (n = 3) Reasons:

Contact person was retired (n = 1)

Lack of time (n = 1)

Unknown reason (n = 1)

Lost to follow-up (n = 9) Reasons:

Contact person was reported sick  (n = 3)

Organisational changes (n = 2)

Lack of time (n = 1)

Study file lost in post (n = 1)

Unknown reason (n = 2)

Enrollment 

(n = 58)

Analysed (n = 26, residents = 1373)

Excluded from analysis (n = 0)

Analysed (n = 20, residents = 1138)

Excluded from analysis (n = 0)

Figure 1. Flow chart of the trial.

Table 1. Characteristics of intervention versus control nursing homes included in the analysis of the intervention effect, at baseline

Control nursing homes Intervention nursing homes

Number of included nursing homes 20 26
Number of residents 1143 1394
Mean number of residents/nursing home 57.2 (37.1–77.3) 53.6 (37.2–70.1)
Mean age (years) 83.7 (82.6–84.9) 83.9 (82.0–85.8)
Proportion of females 0.67 (0.64–0.71) 0.69 (0.64–0.74)
Proportion of UTIs/resident 0.15 (0.13–0.17) 0.14 (0.12–0.16)
Antibiotic courses/resident and year, mean 1.11 (0.13–2.10) 0.97 (0.14–1.79)
Proportion of residents with indwelling urinary catheters 0.08 (0.05–0.11) 0.07 (0.04–0.10)
Proportion of residents immunized against influenza 0.73 (0.61–0.85) 0.65 (0.51–0.78)
Use of disinfection alcohol, litre/resident and month 0.19 (0.09–0.28) 0.13 (0.08–0.18)

Number of staff/resident
physicians (h/week/resident) 0.08 (0.06–0.10) 0.05 (0.03–0.07)
registered nurses 0.08 (0.05–0.11) 0.08 (0.04–0.11)
nursing assistants 0.77 (0.56–0.98) 0.67 (0.54–0.79)

Values in parentheses are 95% CIs.
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Stockholm (dnr 03-070). The heads of all units involved in the project, as
well as physicians and nurses, were asked to give their written informed
consent. The participation was voluntary, i.e. only nursing homes where
the staff agreed to participate were included. After the end of the trial
the control nursing homes were invited to a similar educational session
as that provided for the intervention homes. The trial registration
number is NCT01054677 at http://www.clinicaltrials.gov/.

Results
Baseline characteristics were similar for the intervention and
control nursing homes (Table 1). Antibiotic courses per resident
and year, the immunization rate, the number of residents per
nursing home, the use of disinfection alcohol and the availability
of physicians and nursing assistants seemed a little bit higher
in the control group, but all 95% CIs overlap. Of the original
58 nursing homes, 46, with a total of 2511 residents, remained
at follow-up (Figure 1). These nursing homes had 2537 residents
at baseline. Efforts were made to get details on the dropouts, but
for three of them it was not possible. During the 3 months of
data collection there were 702 infectious episodes recorded pre-
intervention, compared with 540 post-intervention. According to
the attendance lists, 164 people attended the educational inter-
vention, of which 13 were general practitioners. A total of 165
nurses and 41 physicians at the nursing homes gave their
written informed consent to participate in the trial.

For changes in the main outcome variables, see Table 2.
Proportions are presented with their 95% CIs. Discrepancies
between the denominator for each proportion and the respective
number presented for all infections and lower UTI in women are
explained by missing values. The proportion of the primary
outcome, quinolones for lower UTI in women, decreased signifi-
cantly in both the intervention and control group, by 20.196 and
20.224, respectively (95% CI 20.338, 20.054 and 20.394,
20.054). The difference in change between the intervention and
control group was not significant at 0.028 (95% CI 20.193,
0.249). The number of UTIs per resident decreased significantly
in both the intervention and control groups 20.031 and 20.070,
respectively, but the change of 0.038 was not significant (95%
CI 20.013, 0.089). The proportion of infections treated with an
antibiotic decreased significantly, by 20.124 (95% CI 20.228,
20.019) in comparison with the control group. The proportion of
infections handled by physicians as ‘wait and see’ increased sig-
nificantly in the intervention group compared with the control
group, by 0.143 (95% CI 0.047, 0.240). The proportion of nitrofur-
antoin prescribed remained the same in both groups before and
after the intervention.

Parameter estimates for relevant explanatory variables in the
multivariable regression on the primary outcome—proportion of
quinolones for lower UTI in women—were intervention, 0.163
(95% CI 0.026, 0.301); physician-hours per week, 2.178 (95%
CI 0.357, 3.998); and special needs, 0.115 (95% CI 0.036, 0.194).

Main components of the intervention
-2 sessions of voluntary continuing medical 

education 1.5 h each 

-2 to 3 external facilitators presented the 

guidelines and stimulated interactions between 

the participants: one pharmacist, one physician, 

and when possible a hygiene nurse. At least one 

of them was active in Strama-work.  

-Leaflet on hygiene 

-Handouts during the sessions 

-Short written guideline for antibiotic 

prescribing  

-Feedback on performance

Main content of the intervention
-Feedback on baseline results 

-Guidelines on antibiotic prescribing for the 

most commonly encountered infections in 

the nursing home setting 

-Local pattern of antibiotic resistance 

-The content of the intervention was presented 

both verbally and in writing. 

Target group of the intervention
-Nurses and physicians at the included 

nursing homes. Ranged from 2–13 

participants during the different sessions

-The nursing home was the cluster and unit of 

allocation and intervention 

Main outcome measures, proportions
1. quinolones for lower urinary tract infections, UTI, in women 

2. UTI per resident 

3. antibiotic prescriptions for all infections 

4. physicians’ “wait and see” for all infections 

5. nitrofurantoin for lower UTI in women 

Evaluation of the intervention
- Differences before and after intervention 

for the main outcome measures

-A written evaluation of the training was also 

completed after the sessions 

-Educational materials

-Baseline results both written and verbal 

-Verbal summary at the end of the sessions

Figure 2. Description of the educational intervention.
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Table 2. Results for the main outcome variables. The 95% CIs were adjusted for the intracluster correlation coefficient (ICC)

Outcome, total number of
observations

Intervention proportion f/n

Difference in intervention
groupa proportion (95% CI)

Control proportion f/n Difference in
Control groupb

proportion (95%
CI)

The effect of the
interventionc (95%

CI)2003 2005 2003 2005

All residents (intervention
and control group) 2003:
n¼2537, 2005: n¼2511

1394 1373 1143 1138

UTIs per resident 0.141 (197/1394) 0.110 (151/1373) 20.031 (20.056, 20.007) 0.152 (174/1143) 0.083 (94/1138) 20.070 (20.096,
20.043)

0.038 (20.013,
0.089)

All infections, n¼1242 368 330 334 210
antibiotics 0.895 (325/363) 0.819 (258/315) 20.076 (20.129, 20.024) 0.884 (289/327) 0.931 (190/204) 0.048 (20.004,

0.100)
20.124 (20.228,

20.019)
physician ‘wait and see’ 0.085 (30/355) 0.177 (53/299) 0.093 (0.042, 0.144) 0.090 (28/311) 0.039 (8/203) 20.051 (20.096,

20.005)
0.143 (0.047,

0.240)

Lower UTI in women,
n¼434

136 113 119 66

quinolones 0.293 (36/123) 0.097 (9/93) 20.196 (20.338, 20.054) 0.284 (31/109) 0.061 (4/66) 20.224 (20.394,
20.054)

0.028 (20.193,
0.249)

nitrofurantoin 0.089 (11/123) 0.075 (7/93) 20.014 (20.089, 0.060) 0.073 (8/109) 0.136 (9/66) 0.063 (20.028,
0.155)

20.077 (20.242,
0.088)

f/n, frequency of outcome/number of observations.
aDifference in intervention group is dI = pI

2005 − pI
2003 (p¼proportion).

bDifference in control group is dC = pC
2005 − pC

2003.
cThe effect of the intervention is e = dI − dC .
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Adverse events

There was no increase in admissions to hospital in the interven-
tion group. The number of admissions in 2003 was 15/311 for
the control group and 15/355 for the intervention group. In
2005 it was 5/203 for the control group and 20/299 for the inter-
vention group. The change in the control group was 20.024
(95% CI 20.056, 0.008) and the change in the intervention
group was 0.025 (95% CI 20.011, 0.060).

Discussion
The educational intervention significantly changed the proportion
in courses of antibiotics prescribed and also influenced the
proportion of infections handled by physicians as ‘wait and see’.
However, no intervention effect could be seen for the other
outcomes, including the primary outcome, the proportion of
quinolones prescribed for lower UTI in women.

The significant and clinically relevant change in the prescrib-
ing of quinolones, the primary outcome variable, cannot be
attributed to the intervention. Multivariable linear regression
showed that the intervention influenced the prescribing of quino-
lones, but the availability of physicians and special needs were
potential confounders. Concerning the quinolones, there has
been rigorous work by the drug therapeutic committees and
Strama, the Swedish strategic programme against antibiotic
resistance, to reduce prescribing where it is not indicated. As
an example, between 2003 and 2005 quinolones decreased
from 173 to 149 prescriptions/1000/day in the age group ≥80
years.27

The modest effect of the intervention may have several expla-
nations, including (i) low exposure to the intervention or staff
from two control homes also participated in the intervention,
and (ii) a secular trend in the outcome variables.

We cannot be certain that the participants in the intervention
were the same as the evaluated group, as we did not collect infor-
mation on the identities of the prescribers. For feasibility reasons,
the nursing homes did not receive the intervention at the same
point in time, and it was .1 year between the pre- and the post-
intervention data collection. During this time there were changes
in the nursing homes’ staffs and residents, and factors outside
the trial had time to influence the outcomes. The Hawthorne
effect could also have affected the results if prescribing behaviour
changed only because of the fact that the participants knew that
they were being studied and not because of the intervention. For
the quinolones, this might have had an additive effect on the
secular trends described earlier. Seasonal changes in the use of
antibiotics were not likely to have an influence on the results in
this trial, since monthly sales statistics for ATC code J01 between
2002 and 2004 for elderly .80 years range from 39.1 to 43.3
DDD/1000 inhabitants.

There was a wide geographic spread of nursing homes, which
was desirable for high external validity, although this probably
contributed to a higher dropout rate in our study. There were
more dropouts in the control nursing homes, as only 20
nursing homes remained for analysis, which raises the question
of attrition bias. Experiences from the pilot study, where there
were no dropouts, indicate that this difference could be
explained by the absence of a coordinator in the control
homes rather than that participants became weary of the

study. An exploratory analysis at baseline showed that the out-
comes in dropout nursing homes did not differ substantially
from those of homes remaining during the whole trial (data
not shown). Thus the dropouts probably had little influence on
the intervention effect.

The antibiotic prescription rate at baseline in the nursing
homes in this trial was a little bit lower compared with earlier
studies (1.0 per resident and year compared with 1.1–1.9).1

This could be an indication of selection bias, in that the nursing
homes included in this study might be more interested in the
area of infectious diseases and thus perhaps more restrictive in
antibiotic treatment to begin with.

The study was undertaken at a reasonable cost and effort to
the participants. The development of the intervention required
the joint effort of the project group and the implementation of a
network already established through the local Strama groups.
One of the limitations with our study was that the intervention
was a single-point measure to change antibiotic prescribing. To
follow trends and to achieve desirable sustained effects in anti-
biotic prescribing requires multiple measurements and continuous
efforts.

Sweden is a low-prescribing country with respect to anti-
biotics.28 It was thus expected that this study might influence
the pattern of prescribing towards the guidelines but not
reduce the total use of antibiotics, although this is what even-
tually occurred. A review in 2006 of educational interventions
targeting antibiotic prescribing behaviour (mainly for respiratory
tract infections) showed a median absolute effect of 28.9%
[interquartile range (IQR) 212.4% to 26.7%)]. When targeting
the selection of antibiotics, the included interventions were
considered effective with a median absolute improvement in
prescribing of recommended antibiotics of 10.6% (IQR 3.4–
18.2%).29 The results are of a similar magnitude for total anti-
biotic prescribing (212%) and ‘wait and see’ (14%), but the
results for these secondary outcomes should be interpreted
cautiously because there is a risk of type I error, as we set
the same significance level, 0.05, for both the primary and sec-
ondary outcomes for ease of interpretation and comparison
with other studies. In clinical practice the reduction in antibiotic
prescribing in this context would mean a decrease of approxi-
mately six courses of antibiotics over 1 year in a nursing home
with 50 residents.

In conclusion, the intervention had a modest effect. The
primary outcome, proportion of quinolones, decreased signifi-
cantly, but it cannot be attributed to the intervention. It was
possible to decrease the proportion of infections treated with
an antibiotic and to increase the proportion of infections
handled by physicians using ‘wait and see’ through a multifa-
ceted educational intervention targeting both nurses and phys-
icians. One of the questions raised, which is essential for future
educational interventions, is whether it is the nurse or the phys-
ician who has the most influence on antibiotic prescribing in the
nursing home setting.
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