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BACKGROUND
The target of a 30 % reduction in the use of broad-spectrum antibiotics in hospitals
from 2012 to 2020 was not achieved, measured using the standard indicator of defined
daily doses (DDD) per 100 bed days. We wished to investigate the reliability of the
standard indicator and of selected alternative indicators for antibiotic use, and to
determine the actual reduction in use.

MATERIAL AND METHOD
We included ten DDD-based indicators with adjustment for combinations of activity
marker, admission category (inpatient vs. all admissions), and case mix, and evaluated
these according to how each indicator correlated with antibiotic resistance in a self-
developed model. We then calculated use of broad-spectrum antibiotics in hospitals for
the period 2012–20 with indicators deemed valid, and compared these indicators with
regard to change in use and ranking of hospitals according to use. We used
consumption rate (DDD per 1000 inhabitants per day) as an activity-neutral reference
indicator (national and regional).

RESULTS
All the indicators for antibiotic use showed a strong correlation with resistance. For
five indicators the correlation was statistically significant. Of these, the indicator that
combined adjustment for the total number of admitted patients and case mix accorded
best with the consumption rate (35.6 %). The same indicator also showed the largest
reduction in use (29.3 %) and gave the most hospitals that achieved a reduction of at
least 30 % (13 of 22).
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INTERPRETATION
Combined adjustment for number of admitted patients and case mix represents a new,
robust indicator for antibiotic use that is suitable for hospitals at all levels. The
indicator can be used in parallel with the consumption rate, and consideration should be
given to introducing the latter as the new standard indicator at national and regional
level.

Main findings

The case mix index (average DRG weight per admission) was positively correlated
with antibiotic use.

Additional adjustment for case mix improved accordance with the consumption rate.

The true reduction in the use of broad-spectrum antibiotics in hospitals in Norway in
the period 2012–20 was close to 30 %.

Antimicrobial resistance is a threat to global public health and is driven mainly by use
of antibiotics (1). One of the key goals of the 'Action Plan against Antibiotic Resistance
in the Norwegian Health Service' was therefore to reduce the use of five selected
groups of broad-spectrum antibiotics in Norwegian hospitals by 30 % between 2012
and 2020 (2). This goal was included in the clinical commissioning documents for
hospitals in Norway. Neither the action plan nor the commissioning documents for the
period in question specified which indicator should be used to evaluate whether the
goal had been achieved; however, the Norwegian Directorate of Health used defined
daily doses (DDD) per 100 bed days as their standard indicator (3).

In 2020, Norwegian hospitals used 31 % fewer DDD of broad-spectrum antibiotics
than in 2012, but because the number of bed days also decreased by 19 % in the same
period, the reduction in antibiotic use was only 15 % when measured as DDD per 100
bed days. The goal of a 30 % reduction was therefore extended until 2022, despite
uncertainty over the reliability of the standard indicator (4, 5).

There is currently no international consensus on the most suitable indicator for
monitoring and benchmarking antibiotic use in hospitals (6, 7), but the European
Centre for Disease Prevention and Control (ECDC) uses the consumption rate (DDD
per 1000 inhabitants per day) for surveillance of antibiotic use both in the community
and in hospitals (8). This provides an activity-neutral, population-adjusted measure of
antibiotic use and allows for comparisons across sectors and between countries.
However, the consumption rate is considered unsuitable as an indicator of antibiotic
use in individual hospitals (6). A key reason for this is that hospitals often treat patients
from outside their own catchment areas, and the number of inhabitants within a
hospital's catchment area will therefore not correspond exactly to their patient
population.

Because the standard indicator 'DDD per 100 bed days' is affected by variation between
hospitals and over time in the length of hospital stays, some have argued for the parallel
use of indicators with other adjustment factors, typically DDD per admission (4, 5).
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Because increased patient complexity is associated with greater antibiotic use, it has
also been suggested to use the economic surrogate marker case mix index (CMI) as an
additional adjustment factor (7, 9).

Comparison of antibiotic use in hospitals is further complicated by differences in the
use of day case admissions, which are defined as hospital admissions but not recorded
as bed days. While antibiotics administered to day cases contribute to DDD in the
numerator, day cases are not included in the denominator when calculating DDD per
100 bed days or per admission (4). Day cases comprise one-third of all patients
admitted to Norwegian hospitals on average (10), and variation in the use of admission
categories (inpatient or day case) for a small proportion of these patients could have a
significant impact on calculated antibiotic use. To our knowledge, the effect of
including day cases when adjusting for activity has not been investigated.

We wished to shed light on the actual reduction in use of broad-spectrum antibiotics in
Norwegian hospitals in the period 2012–20 and to investigate whether there are
suitable alternatives to the standard indicator. The study consisted of three parts: 1)
establishment of a model for evaluating indicators of antibiotic use in hospitals, 2)
validation of a selection of established and new DDD-based indicators with adjustment
for various combinations of activity markers, admission categories, and case mix, and
3) calculation of national, regional and local use of broad-spectrum antibiotics in the
period 2012–20 with valid indicators, and comparison of changes in use and hospital
rankings with different indicators.

Material and method

Indicators
We evaluated ten indicators of antibiotic use in the hospital sector: five established
(including the standard indicator) and five novel (Box 1 and Table 1). All were based
on DDD, with adjustment for various activity markers (A = number of bed days, B =
number of admissions, C = number of patients). We distinguished between indicators
that adjusted for inpatient admissions (A1, B1, C1) versus all admissions (B2, C2), i.e.,
both inpatient and day case admissions. A suffix (p) indicates additional adjustment for
case mix.

Box 1 Included indicators of antibiotic use in hospitals. DDD = defined
daily doses, CMI = case mix index (average DRG weight per admission).

Reference indicator
Indicator used for European surveillance of antibiotic use in the community and in
hospitals (8). Used in the current study to establish a reference correlation and as an
activity-neutral basis for comparison.

Consumption rate: DDD / 1000 inhabitants / day
Standard indicator
Indicator used to assess goal achievement in relation to the 'Action Plan against
Antibiotic Resistance in the Norwegian Health Service' (2, 3).

A1: DDD / 100 bed days
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Alternative indicators
A selection of previously described (7) and novel (this study) indicators.

A1p: DDD/100 bed days/CMI (7)
B1: DDD/inpatient admission (7)
B1p: DDD/inpatient admission/CMI (7)
B2: DDD/admission
B2p: DDD/admission/CMI
C1: DDD/inpatient (7)
C1p: DDD/inpatient/CMI
C2: DDD/patient
C2p: DDD/patient/CMI

Table 1

Evaluation of indicators of antibiotic use in hospitals. DDD = defined daily doses, CMI = case
mix index (average DRG weight per admission). Designations indicate adjustment for activity
(A = bed days, B = admissions, C = patients), admission category (1 = inpatient admissions, 2 =
all admissions (both inpatient and day case admissions), and case mix (p).

Description of indicators   Evaluation and
validation

Category and
designation

Calculation of antibiotic use Patient basis for
adjustment

  Pearson's r p-value

Reference
indicator

     

  Consumption
rate

DDD / number of inhabitants ×
1000 / 365

Population size   1.000 0.008

Standard
indicator (3)

     

  A1 DDD / number of bed days ×
100

Inpatient
admissions

  0.981 0.124

Alternative
indicators

     

  A1 p DDD / number of bed days ×
100 / CMI

Inpatient
admissions

  1.000 0.013

  B1 DDD / number of inpatient
admissions

Inpatient
admissions

  0.999 0.027

  B1 p DDD / number of inpatient
admissions / CMI

Inpatient
admissions

  0.994 0.069

  B2 DDD / number of admissions All admissions   0.989 0.096

  B2 p DDD / number of admissions /
CMI

All admissions   0.992 0.079

  C1 DDD / number of inpatients Inpatient
admissions

  0.995 0.063

 

Measuring broad-spectrum antibiotic use in hospitals with established versus new indicators | Tidsskrift for Den norske legeforening

1



Description of indicators   Evaluation and
validation

Category and
designation

Calculation of antibiotic use Patient basis for
adjustment

  Pearson's r p-value

  C1 p DDD / number of inpatients /
CMI

Inpatient
admissions

  0.998 0.043

  C2 DDD / number of patients All admissions   0.999 0.033

  C2 p DDD / number of patients /
CMI

All admissions   0.999 0.023

Based on the correlation between antibiotic use and resistance, with a highly
significant reference correlation between regional consumption rates for piperacillin-
tazobactam (ATC group J01CR05) and third-generation cephalosporins (J01DD) in
hospitals and regional incidence rates of ESBL-producing E. coli in blood culture
(2010–15) as a basis for comparison (see text). Indicators were considered valid if they
showed a correlation between antibiotic use and resistance that was at least as strong as
that shown by the standard indicator (A1).

To adjust for differences in patient complexity, we used the case mix index, calculated
as the average diagnosis-related group (DRG) weight per admission (11). We assessed
the validity of using the index for this purpose by analysing the correlation between the
index and the use of broad-spectrum antibiotics measured in activity-adjusted DDD in
2019, which was the last year unaffected by COVID-19. In line with the Action Plan
against Antibiotic Resistance in the Norwegian Health Service, we defined broad-
spectrum antibiotics as the five ATC groups J01CR (penicillins with an enzyme
inhibitor), J01DC (second-generation cephalosporins), J01DD (third-generation
cephalosporins), J01DH (carbapenems), and J01M (quinolones) (2).

Evaluation and validation
We wished to evaluate the indicators based on objective criteria, and assumed that there
is a causal relationship between antibiotic use and resistance development, and that the
resistance-driving effect of antibiotics is dose-dependent (6, 12, 13). Under optimal
conditions, a reliable indicator will therefore show a strong correlation between the
calculated use of a given antibiotic and the incidence of resistance to that same agent.
The strength of this correlation will depend on the extent to which other factors
contribute to variation in the incidence of resistance. Furthermore, the correlation will
be strongest during periods of stable or increasing antibiotic use because the incidence
of resistance declines slowly when antibiotic pressure is reduced (12).

On this basis, we established a reference correlation between the use of carefully
selected antibiotics in Norwegian hospitals and the incidence of resistance to those
same antibiotics. We based the reference correlation on the consumption rate, which
was chosen as an activity-neutral reference indicator for antibiotic use (8), and required
the correlation to be plausible, strong and statistically significant. In addition, the
reference correlation had to be based on a period for which we had access to quality-
assured data for the indicators in question (Table 1).
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As a tentative reference correlation, we examined the relationship between regional
consumption rates for piperacillin-tazobactam (TZP, ATC group J01CR05) and third-
generation cephalosporins (3GC, ATC group J01DD) (TZP/3GC) in hospitals, and
regional incidence rates of bacteraemia with extended spectrum beta-lactamase
(ESBL)-producing Escherichia coli. This correlation is plausible in that these agents
select for ESBL (14, 15) and are associated with increased likelihood of ESBL
bacteraemia in individuals with gut colonisation (16). We assumed that the use of
TZP/3GC outside hospitals, and the use of other antibiotics, as well as the import and
spread of ESBL, contributed in only a limited way to regional differences in the
incidence of ESBL-E. coli bacteraemia. We calculated consumption rates and incidence
rates using health regions as the population basis, treating the two northernmost regions
with the smallest populations as one region ('Central-North') to reduce the margin of
error. We selected a period (2010–15) where the consumption rate in hospitals was
stable or increasing in all regions.

We then calculated antibiotic use with each of the indicators using the same data
(number of DDD) as had been used to establish the reference correlation, and evaluated
each indicator according to the strength of the correlation between regional use of
TZP/3GC and regional incidence rates of ESBL-E. coli bacteraemia. Indicators that
gave rise to a correlation at least as strong as the standard indicator DDD per 100 bed
days (A1) were deemed valid.

Use of broad-spectrum antibiotics in hospitals
We calculated the annual use and the percentage change in use of the five groups of
broad-spectrum antibiotics described in the Action Plan against Antibiotic Resistance in
the Norwegian Health Service (2) (national, regional, and local, 2012–20) using the
standard indicator and the alternative indicators that were deemed to be valid. As an
activity-neutral basis of comparison (reference indicator), we calculated national and
regional consumption rates. Finally, we ranked regional health authorities and acute
hospitals based on their use of broad-spectrum antibiotics in 2020 calculated using
valid indicators.

Data sources
We based our calculations of antibiotic use in hospitals on data for the sale of
antibiotics to hospitals (Hospital Pharmacy Drug Statistics). The proportion of
TZP/3GC that was administered in hospitals was calculated via comparison with total
sales (Norwegian Institute of Public Health, Norwegian Drug Wholesale Statistics).
Consumption rates were based on population figures (Statistics Norway), whereas
antibiotic use with other indicators was calculated with the aid of activity data for
somatic hospitals (Norwegian Directorate of Health, Norwegian Patient Registry).
Incidence rates of ESBL-E. coli in blood culture were calculated using data from the
Norwegian Surveillance System for Antimicrobial Drug Resistance (NORM).

Statistics
We used Excel 2016 for data processing and preparation of figures, and SPSS Statistics
26 for bivariate correlation analyses with calculation of correlation coefficients
(Pearson's r) and significance level (two-tailed). We defined p-values <0.05 as
statistically significant.
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Ethics
All data were anonymous, and approval from an ethics committee or data protection
officer was not required.

Results

Case mix and use of broad-spectrum antibiotics
A weak to moderate positive correlation was observed between the case mix index and
activity-adjusted consumption, independent of activity marker and admission category
(Figure 1). The correlation was statistically significant for three indicators (B1, B2, and
C2).

Figure 1 Correlation between the case mix index (average DRG weight per admission) and the
use of broad-spectrum antibiotics in 22 acute hospitals in 2019 (activity-adjusted defined daily
doses (DDD)).

Reference correlation
Sales to hospitals accounted for 89 % of all DDD of TZP/3GC sold in the period 2010–
15. Within hospitals, the relative distribution of TZP and 3GC was 30 % and 70 %,
respectively. Consumption rates for TZP/3GC were 0.202 DDD per 1000 inhabitants
per day in the Western Norway health region, 0.178 in the South-Eastern Norway
health region, and 0.144 in the 'Central-North' health region. The corresponding
incidence rates of ESBL-E. coli bacteraemia were 16.0, 15.2 and 13.9 cases per million
inhabitants per year. An almost perfect, highly significant correlation was observed
between TZP/3GC consumption rate and ESBL incidence rate (Table 1).

Evaluation and validation
All indicators showed a strong correlation between calculated use of TZP/3GC in
hospitals and the incidence rate of ESBL-E. coli bacteraemia, with the correlation
statistically significant for five indicators (A1 p, B1, C1 p, C2, and C2 p) (Table 1).
Additional adjustment for case mix strengthened the correlation between use and
resistance for four of five indicators. All alternative indicators met the validation
criterion.
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Use of broad-spectrum antibiotics in hospitals
The national consumption rate for broad-spectrum antibiotics (reference indicator)
decreased by 35.6 % in the period 2012–20 (Figure 2). Of the indicators evaluated, the
standard indicator (A1) showed the smallest reduction in use (14.5 %). Indicators that
adjusted for admissions (B1, B2) or for patients (C1, C2) showed highly similar
reductions (23.5–24.7 %), independent of whether inpatient admissions alone were
considered, or all admissions. Additional adjustment for case mix (A1 p, B1 p, B2 p,
C1 p, C2 p) resulted in a 4.1 % greater reduction on average than adjusting solely for
activity. Adjusting for both the total number of patients admitted and the case mix
(C2 p) resulted in the largest reduction in use (29.3 %) and accorded best with the
consumption rate.

Figure 2 Percentage change in use of broad-spectrum antibiotics in hospitals in the period
2012–20 with valid indicators (Table 1). Solid lines = adjustment for activity (A = bed days, B =
admissions, C = patients), dashed lines = additional adjustment for case mix (p). Numbers in the
indicator names reflect admission category (1 = inpatient admissions, 2 = all admissions).

The overall pattern was the same at the regional level (data not shown), but the
difference between the standard indicator and indicators adjusting for admissions or for
patients varied between health regions (smallest difference in Northern Norway, largest
difference in Western Norway). Indicators that adjusted for all admissions (B2 and C2)
showed reductions in antibiotic use up to 3.0 % lower in Northern Norway and up to
2.9 % higher in Western Norway, compared to indicators that adjusted for inpatient
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activity alone (B1 and C1). Additional adjustment for case mix resulted in greater
reduction in use in all regions, but the reduction varied from an average of 1.1 % in
Central Norway to 5.1 % in South-Eastern Norway.

Rankings of regional health authorities and acute hospitals according to their use of
broad-spectrum antibiotics varied greatly depending on which indicator was used
(Table 2). All regional health authorities achieved at least a 30 % reduction in
consumption rate, but only Western Norway achieved a 30 % reduction with at least
one of the evaluated indicators (Table 3). The number of hospitals that achieved a 30 %
reduction varied from 1 (out of 22) with the standard indicator A1, to 13 with indicator
C2 p.

Table 2

Ranking of regional health authorities and acute hospitals according to their use of broad-
spectrum antibiotics in 2020 (calculated with valid indicators, Table 1). Order reflects ranking
according to use as calculated with the standard indicator DDD per 100 bed days (A1). R =
regional health authority, U = university hospital, unmarked = other acute hospital, CR =
consumption rate (not calculated for individual hospitals).

Regional
health
authority
and
hospital

  Ranking by use (from low to high) of broad-spectrum antibiotics

A1 A1 p B1 B1 p B2 B2 p C1 C1 p C2 C2 p CR

Northern
Norway
(R)

  1 1 4 4 4 4 4 4 4 4 4

Central
Norway
(R)

  2 2 1 2 2 2 2 2 2 2 3

Western
Norway
(R)

  3 4 2 3 1 3 1 3 1 3 2

South-
Eastern
Norway
(R)

  4 3 3 1 3 1 3 1 3 1 1

1   1 6 4 8 3 8 1 7 1 5  

2   2 4 1 4 1 1 2 4 2 2  

3 (U)   3 2 14 6 16 7 16 8 17 8  

4   4 5 3 3 6 4 3 3 6 4  

5   5 8 2 5 4 5 4 6 5 7  

6   6 18 5 14 7 16 6 14 8 15  

7   7 9 8 11 10 12 8 10 7 10  

8 (U)   8 3 9 1 11 2 9 2 11 3  

9   9 17 12 19 12 18 12 19 12 19  
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Regional
health
authority
and
hospital

  Ranking by use (from low to high) of broad-spectrum antibiotics

A1 A1 p B1 B1 p B2 B2 p C1 C1 p C2 C2 p CR

10   10 10 7 9 8 9 7 9 9 9  

11   11 12 11 13 2 10 10 12 3 11  

12 (U)   12 1 20 2 18 3 15 1 16 1  

13   13 13 6 7 5 6 5 5 4 6  

14   14 11 10 10 9 11 11 11 10 12  

15   15 19 13 20 13 21 13 20 14 21  

16   16 14 17 18 19 17 18 18 19 18  

17 (U)   17 7 22 12 21 13 21 13 22 13  

18 (U)   18 16 15 15 14 14 14 16 13 14  

19 (U)   19 15 19 17 22 19 17 15 20 17  

20   20 22 18 22 20 22 20 22 21 22  

21   21 20 16 16 15 15 19 17 15 16  

22   22 21 21 21 17 20 22 21 18 20  

Broad-spectrum antibiotics as defined in the Action Plan against Antibiotic Resistance
in the Norwegian Health Service (2). Includes the ATC groups J01CR (penicillins with
an enzyme inhibitor), J01DC (second-generation cephalosporins), J01DD (third-
generation cephalosporins), J01DH (carbapenems), and J01M (quinolones).

Table 3

Reduction in the use of broad-spectrum antibiotics by regional health authorities and acute
hospitals from 2012 to 2020 (calculated with valid indicators, Table 1). Order reflects ranking
according to use as calculated with the standard indicator DDD per 100 bed days (A1) in 2020
(Table 2). R = regional health authority, U = university hospital, unmarked = other acute
hospital, CR = consumption rate (not calculated for individual hospitals), – indicates <30 %
reduction, + indicates 30–39.9 % reduction, ++ indicates ≥ 40 % reduction.

Regional
health
authority
and hospital

  Reduction in use of broad-spectrum antibiotics

  A1 A1 p B1 B1 p B2 B2 p C1 C1 p C2 C2 p CR

Northern
Norway
(R)

  − − − − − − − − − − 30.1 %

Central
Norway
(R)

  − − − − − − − − − − 35.3 %
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Regional
health
authority
and hospital

  Reduction in use of broad-spectrum antibiotics

  A1 A1 p B1 B1 p B2 B2 p C1 C1 p C2 C2 p CR

Western
Norway
(R)

  − − − + + + − + + + 39.8 %

South-
Eastern
Norway
(R)

  − − − − − − − − − − 34.8 %

1   + ++ ++ ++ ++ ++ ++ ++ ++ ++

2   − − − + − + − + + +

3 (U)   − − − − − − − − − −

4   − − ++ + ++ + ++ + ++ +

5   − − + + + + + + + +

6   − − − − − − − − − −

7   − − − + − + + + + +

8 (U)   − − + + + + + + + ++

9   − − − − − − − − − −

10   − − − − − − − − − −

11   − − − − − − − − − +

12 (U)   − − − − − − − − − −

13   − − − − − − − − − −

14   − − + + + + + + + +

15   − − − − − − − − − −

16   − − − − − − − − − +

17 (U)   − − − − − − − − − −

18 (U)   − − + + + + − − + +

19 (U)   − − − + − + − + − +

20   − − − − − − − − − −

21   − + + ++ + ++ + + + +

22   − − + + − + + + + +

Broad-spectrum antibiotics as defined in the Action Plan against Antibiotic Resistance
in the Norwegian Health Service (2). Includes the ATC groups J01CR (penicillins with
an enzyme inhibitor), J01DC (second-generation cephalosporins), J01DD (third-
generation cephalosporins), J01DH (carbapenems), and J01M (quinolones).
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Discussion

The absence of a gold standard for measuring antibiotic use in hospitals is reflected in a
diversity of indicators and recommendations (6, 7, 17). A literature review in 2015
identified 74 unique indicators, of which 12 were judged suitable by an expert panel
through a consensus process (7). Among those twelve were three of the indicators
evaluated in the current study (the standard indicator A1 as well as A1 p and B1). Two
further indicators included in our study were considered but rejected by the expert
panel (B1 p and C1).

To the best of our knowledge, our study is the first to evaluate indicators for antibiotic
use in hospitals according to objective criteria. As a basis for comparison, we used a
highly significant reference correlation between regional consumption rates for
TZP/3GC in hospitals and the incidence of bacteraemia with ESBL-E. coli. Findings
from previous studies suggest that the reference correlation reflects a causal
relationship (16, 18).

We chose DDD-based consumption rate as an activity-neutral reference indicator, as it
is suitable for surveillance of antibiotic use in hospitals across national borders (6).
Introduction of the consumption rate as standard indicator for nationwide antibiotic use
in hospitals in Norway would be consistent with European practice and facilitate cross-
sectoral surveillance, including of antibiotic use in municipal health facilities (6, 8, 13).
The demonstration of a strong correlation (the reference correlation) between regional
consumption rates for TZP/3GC and the incidence of resistance to the same agents
supports the idea that the consumption rate can also be used for surveillance and
benchmarking of antibiotic use at a regional level. Ideally, the same indicator should be
used at all hospital levels, but the consumption rate is not suitable for use in individual
hospitals (6). This issue can be resolved through parallel use of an alternative indicator
that correlates well with the consumption rate. We found that all alternative indicators
met the validation criterion of a correlation between antibiotic use and resistance that
was at least as strong as that observed with the standard indicator. Of the five indicators
that showed a significant correlation in our evaluation, the new indicator C2 p
(combined adjustment for number of patients admitted and case mix) was notable for
showing the greatest accordance with the consumption rate. In contrast to the standard
indicator DDD per 100 bed days, the indicator C2 p was also largely unaffected by
changes in hospital activity in 2020 as a result of the pandemic.

All indicators that are constructed as fractions will be influenced by factors that affect
the size of the denominator, and if such factors (for example population density and the
size of the catchment area) vary between hospitals, the usefulness of the indicator for
benchmarking will be reduced. This is illustrated by the fact that Northern Norway has
the longest hospital stays of the regional health authorities, and the lowest use of broad-
spectrum antibiotics measured with the standard indicator (3, 10). Indicators that adjust
for number of bed days or inpatient admissions are also vulnerable to confounding by
low efficiency and/or poor quality of care. For example, a high number of readmissions
can mask high antibiotic use through the increase in size of the denominator.
Conversely, improvement measures that result in fewer bed days or inpatient
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admissions (such as more day case admissions) will increase calculated use. The
impact of such factors can be reduced by using the total number of unique admitted
patients as an adjustment factor instead.

The case mix index is calculated based on hospital diagnosis coding and is part of the
activity-based funding system for hospitals in Norway (11). The positive correlation
between the case mix index and the use of broad-spectrum antibiotics indicates that the
index reflects differences in patient complexity that affect prescribing of antibiotics. As
such factors are often non-modifiable (such as the proportion of patients with infection
as their primary diagnosis), use of a smoothing factor would provide a stronger basis
for benchmarking (9, 19, 20). However, this principle is rarely applied in practice (7, 
17). Our findings are consistent with a Swiss study that found a significant correlation
between the case mix index and total antibiotic use in hospitals (9). Although the
quality of DRG coding can vary between hospitals, and the case mix index does not
compensate for all variation in antibiotic use related to differences in patient
complexity, the findings support the use of the index as an adjustment factor.

Our findings illustrate that the current standard indicator should be replaced by other
indicators that are better suited for surveillance and benchmarking of antibiotic use in
hospitals. Based on the overall performance of the evaluated alternative indicators –
taking into account the correlation between antibiotic use and resistance, the
accordance with consumption rates, and robustness to variation in activity, quality, and
efficiency between hospitals and over time – we consider the most suitable indicator to
be one that combines adjustment for the total number of admitted patients and for case
mix.

This study has several limitations. In the absence of prescribing data, we had to use
sales figures for antibiotics. Our evaluation also relied on a single correlation between
antibiotic use and resistance, and the results should be verified by follow-up studies
with other reference correlations. Another limitation is that we only evaluated
indicators that use DDD as a measure of total antibiotic use, despite the fact that
defined daily doses do not always correspond to the doses administered (17, 19).

We conclude that the standard indicator DDD per 100 bed days underestimated the
reduction in the use of broad-spectrum antibiotics in hospitals in Norway, and that the
actual reduction in the period 2012–20 was close to 30 %. The novel indicator that
combines adjustment for the total number of admitted patients and for case mix is
reliable, robust, and suitable for hospitals at all levels. The indicator can be used in
parallel with the consumption rate, and consideration should be given to introducing
the latter as the new standard indicator for antibiotic use in hospitals at national and
regional levels.

The authors wish to thank Gunnar Skov Simonsen (Norwegian Surveillance System for
Antimicrobial Drug Resistance), Tone Rian Myrli (Norwegian Directorate of Health),
Hege Salvesen Blix (Norwegian Institute of Public Health) and Martin Isaksen
(Hospital Pharmacy Drug Statistics) for quality-assured data.

This article has been peer-reviewed.

Mette Kalager is an editor for the Journal of the Norwegian Medical Association. She
was not involved in the editorial processing of this article.

 

Measuring broad-spectrum antibiotic use in hospitals with established versus new indicators | Tidsskrift for Den norske legeforening



REFERENCES

1. World Health Organization. Global Action Plan on Antimicrobial Resistance.
https://www.who.int/publications/i/item/9789241509763 Accessed 5.12.2022.

2. Helse- og omsorgsdepartementet. Handlingsplan mot antibiotikaresistens i
helsetjenesten med det mål å redusere antibiotikabruken i befolkningen med 30
prosent innen utløpet av 2020.
https://www.regjeringen.no/contentassets/915655269bc04a47928fce917e4b25f5/han
dlingsplan-antibiotikaresistens.pdf Accessed 5.12.2022.

3. Helsedirektoratet. Antibiotika - forbruk av et utvalg bredspektrede antibiotika i
sykehus [database].
https://www.helsedirektoratet.no/statistikk/kvalitetsindikatorer/legemidler/forbruk-
av-et-utvalg-bredspektrede-antibiotika-i-norskesykehus Accessed 5.12.2022.

4. Norsk overvåkingssystem for antibiotikaresistens hos mikrober. NORM/NORM-
VET 2020. Usage of Antimicrobial Agents and Occurrence of Antimicrobial
Resistance in Norway.
https://www.fhi.no/contentassets/0e4492710a9142909eff79e618faf1f7/norm-og-
norm-vet-usage-of-antimicrobial--agents-and-occurrence-of-antimicrobial-resistance-
-in-norway.pdf Accessed 5.12.2022.

5. Ansari F, Molana H, Goossens H et al. Development of standardized methods for 
analysis of changes in antibacterial use in hospitals from 18 European countries: the 
European Surveillance of Antimicrobial Consumption (ESAC) longitudinal survey, 
2000-06. J Antimicrob Chemother 2010; 65: 2685–91. [PubMed][CrossRef]

6. Benko R, Bennie M, Coenen S. Drug utilization research in the area of antibiotics.
I: Drug Utilization Research 2016, s. 270–83.
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118949740.ch26 Accessed
16.2.2023.

7. Stanić Benić M, Milanič R, Monnier AA et al. Metrics for quantifying antibiotic 
use in the hospital setting: results from a systematic review and international 
multidisciplinary consensus procedure. J Antimicrob Chemother 2018; 73 (suppl_6):
vi50–8. [PubMed][CrossRef]

8. European Centre for Disease Prevention and Control. Antimicrobial consumption
in the EU/EEA (ESAC-Net) - Annual Epidemiological Report for 2020.
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-
consumption-europe-2020 Accessed 2.2.2023.

9. Kuster SP, Ruef C, Bollinger AK et al. Correlation between case mix index and 
antibiotic use in hospitals. J Antimicrob Chemother 2008; 62: 837–42. [PubMed]
[CrossRef]

10. Helsedirektoratet. Aktivitet i somatiske sykehus, spesialisthelsetjenesten.
https://www.helsedirektoratet.no/statistikk/statistikk-fra-npr/aktivitet-somatiske-
sykehus Accessed 5.12.2022.

 

Measuring broad-spectrum antibiotic use in hospitals with established versus new indicators | Tidsskrift for Den norske legeforening

https://www.who.int/publications/i/item/9789241509763
https://www.regjeringen.no/contentassets/915655269bc04a47928fce917e4b25f5/handlingsplan-antibiotikaresistens.pdf
https://www.regjeringen.no/contentassets/915655269bc04a47928fce917e4b25f5/handlingsplan-antibiotikaresistens.pdf
https://www.helsedirektoratet.no/statistikk/kvalitetsindikatorer/legemidler/forbruk-av-et-utvalg-bredspektrede-antibiotika-i-norskesykehus
https://www.helsedirektoratet.no/statistikk/kvalitetsindikatorer/legemidler/forbruk-av-et-utvalg-bredspektrede-antibiotika-i-norskesykehus
https://www.fhi.no/contentassets/0e4492710a9142909eff79e618faf1f7/norm-og-norm-vet-usage-of-antimicrobial--agents-and-occurrence-of-antimicrobial-resistance--in-norway.pdf
https://www.fhi.no/contentassets/0e4492710a9142909eff79e618faf1f7/norm-og-norm-vet-usage-of-antimicrobial--agents-and-occurrence-of-antimicrobial-resistance--in-norway.pdf
https://www.fhi.no/contentassets/0e4492710a9142909eff79e618faf1f7/norm-og-norm-vet-usage-of-antimicrobial--agents-and-occurrence-of-antimicrobial-resistance--in-norway.pdf
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20978000&dopt=Abstract
http://dx.doi.org/10.1093%2Fjac%2Fdkq378
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118949740.ch26
http://dx.doi.org/10.1093%2Fjac%2Fdky118
http://dx.doi.org/10.1093%2Fjac%2Fdky118
http://dx.doi.org/10.1093%2Fjac%2Fdky118
http://dx.doi.org/10.1093%2Fjac%2Fdky118
http://dx.doi.org/10.1093%2Fjac%2Fdky118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29878222&dopt=Abstract
http://dx.doi.org/10.1093%2Fjac%2Fdky118
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020
http://dx.doi.org/10.1093%2Fjac%2Fdkn275
http://dx.doi.org/10.1093%2Fjac%2Fdkn275
http://dx.doi.org/10.1093%2Fjac%2Fdkn275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18617509&dopt=Abstract
http://dx.doi.org/10.1093%2Fjac%2Fdkn275
https://www.helsedirektoratet.no/statistikk/statistikk-fra-npr/aktivitet-somatiske-sykehus
https://www.helsedirektoratet.no/statistikk/statistikk-fra-npr/aktivitet-somatiske-sykehus


11. Helsedirektoratet. Aktivitet og profiler i somatikken - opphold og DRG-poeng.
https://statistikk.helsedirektoratet.no/bx/Dashboard/fe5a4827-aebb-4339-9d2f-
e1b10643dfed?e=false&vo=viewonly Accessed 5.12.2022.

12. Holmes AH, Moore LS, Sundsfjord A et al. Understanding the mechanisms and 
drivers of antimicrobial resistance. Lancet 2016; 387: 176–87. [PubMed][CrossRef]

13. Simonsen GS, Berdal JE, Grave K et al. Antibiotikaresistens - Kunnskapshull,
utfordringer og aktuelle tiltak. Status 2020.
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2020/amr-kunnskapshull-
rapport.pdf Accessed 5.12.2022.

14. Rossolini GM, D'Andrea MM, Mugnaioli C. The spread of CTX-M-type 
extended-spectrum β-lactamases. Clin Microbiol Infect 2008; 14 (Suppl 1): 33–41.
[PubMed][CrossRef]

15. Schuetz AN, Reyes S, Tamma PD. Point-Counterpoint: Piperacillin-Tazobactam 
Should Be Used To Treat Infections with Extended-Spectrum-Beta-Lactamase-
Positive Organisms. J Clin Microbiol 2018; 56: e01917–17. [PubMed][CrossRef]

16. Semret M, Abebe W, Kong LY et al. Prolonged empirical antibiotic therapy is 
correlated with bloodstream infections and increased mortality in a tertiary care 
hospital in Ethiopia: bacteriology testing matters. JAC Antimicrob Resist 2020; 2:
dlaa039. [PubMed][CrossRef]

17. Yarrington ME, Moehring RW. Basic, Advanced, and Novel Metrics to Guide 
Antibiotic Use Assessments. Curr Treat Options Infect Dis 2019; 11: 145–60.
[CrossRef]

18. Kim YA, Park YS, Youk T et al. Trends in South Korean antimicrobial use and 
association with changes in Escherichia coli resistance rates: 12-year ecological study
using a nationwide surveillance and antimicrobial prescription database. PLoS One
2018; 13: e0209580. [PubMed][CrossRef]

19. Haug JB, Berild D, Walberg M et al. Hospital- and patient-related factors 
associated with differences in hospital antibiotic use: analysis of national surveillance 
results. Antimicrob Resist Infect Control 2014; 3: 40. [PubMed][CrossRef]

20. Kanerva M, Ollgren J, Lyytikäinen O. Benchmarking antibiotic use in Finnish 
acute care hospitals using patient case-mix adjustment. J Antimicrob Chemother
2011; 66: 2651–4. [PubMed][CrossRef]

Publisert: 25. April 2023. Tidsskr Nor Legeforen. DOI: 10.4045/tidsskr.22.0427
Received 14.6.2022, first revision submitted 5.12.2022, accepted 16.2.2023.
Published under open access CC BY-ND. Downloaded from tidsskriftet.no 9 July 2026.

 

Measuring broad-spectrum antibiotic use in hospitals with established versus new indicators | Tidsskrift for Den norske legeforening

https://statistikk.helsedirektoratet.no/bx/Dashboard/fe5a4827-aebb-4339-9d2f-e1b10643dfed?e=false%26vo=viewonly
https://statistikk.helsedirektoratet.no/bx/Dashboard/fe5a4827-aebb-4339-9d2f-e1b10643dfed?e=false%26vo=viewonly
http://dx.doi.org/10.1016%2FS0140-6736(15)00473-0
http://dx.doi.org/10.1016%2FS0140-6736(15)00473-0
http://dx.doi.org/10.1016%2FS0140-6736(15)00473-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26603922&dopt=Abstract
http://dx.doi.org/10.1016%2FS0140-6736(15)00473-0
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2020/amr-kunnskapshull-rapport.pdf
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2020/amr-kunnskapshull-rapport.pdf
http://dx.doi.org/10.1111%2Fj.1469-0691.2007.01867.x
http://dx.doi.org/10.1111%2Fj.1469-0691.2007.01867.x
http://dx.doi.org/10.1111%2Fj.1469-0691.2007.01867.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18154526&dopt=Abstract
http://dx.doi.org/10.1111%2Fj.1469-0691.2007.01867.x
http://dx.doi.org/10.1128%2FJCM.01917-17
http://dx.doi.org/10.1128%2FJCM.01917-17
http://dx.doi.org/10.1128%2FJCM.01917-17
http://dx.doi.org/10.1128%2FJCM.01917-17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29237787&dopt=Abstract
http://dx.doi.org/10.1128%2FJCM.01917-17
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34240055&dopt=Abstract
http://dx.doi.org/10.1093%2Fjacamr%2Fdlaa039
http://dx.doi.org/10.1007%2Fs40506-019-00188-3
http://dx.doi.org/10.1007%2Fs40506-019-00188-3
http://dx.doi.org/10.1007%2Fs40506-019-00188-3
http://dx.doi.org/10.1007%2Fs40506-019-00188-3
http://dx.doi.org/10.1371%2Fjournal.pone.0209580
http://dx.doi.org/10.1371%2Fjournal.pone.0209580
http://dx.doi.org/10.1371%2Fjournal.pone.0209580
http://dx.doi.org/10.1371%2Fjournal.pone.0209580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30596704&dopt=Abstract
http://dx.doi.org/10.1371%2Fjournal.pone.0209580
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25598971&dopt=Abstract
http://dx.doi.org/10.1186%2Fs13756-014-0040-5
http://dx.doi.org/10.1093%2Fjac%2Fdkr333
http://dx.doi.org/10.1093%2Fjac%2Fdkr333
http://dx.doi.org/10.1093%2Fjac%2Fdkr333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21846673&dopt=Abstract
http://dx.doi.org/10.1093%2Fjac%2Fdkr333

