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Development of risk assessment models for 
antimicrobial resistance in urinary tract infections



Characterisation of risk factors associated with antibiotic resistance 
in urinary isolates in the community  – recap of study and results

Aim of study

• To investigate risk factors for and outcomes associated with the occurrence of   
antibiotic resistance in urinary isolates. 

Data sources and linkage

PIS data

UTI snapshot data
Jan 12 - Jun 15

SMR01

(in patient)

NRS 

mortality RIP

• Measures of comorbidity (create 
Charlson score)

• Number of hospital admissions

• Care-home residence

• Death outcome

• Date of death

• Antibiotic exposure

• Drug classes prescribed 
(comorbidity measure)

• Care-home residence

• Population of interest (positive UTI 
sample in community)

• Antibiotic resistance classification

• Age, gender



Variable

Resistant infection compared to 

susceptible infection

Multi-drug resistant infection compared 

to susceptible infection

Adjusted 

odds ratio
95% CI p-value

Adjusted 

odds ratio
95% CI p-value

Gender
Female 1 - - 1 - -

Male 1.3 1.3-1.4 <0.001 1.2 1.1-1.3 <0.001

Age group

16-24 1 - - 1 - -

25-34 1.1 1.0-1.3 0.075 1.1 0.9-1.3 0.165

35-44 1.0 0.9-1.1 0.978 1.3 1.1-1.5 0.002

45-54 1.0 0.9-1.1 0.987 1.4 1.2-1.6 <0.001

55-64 1.0 0.9-1.1 0.360 1.4 1.2-1.6 <0.001

65-74 1.0 0.9-1.1 0.915 1.4 1.2-1.6 <0.001

75-84 1.1 1.0-1.2 0.079 1.5 1.3-1.7 <0.001

85+ 1.2 1.1-1.4 0.001 1.9 1.6-2.1 <0.001

Charlson 

index 

(5-year 

lookback)

0 1 - - 1 - -

1-2 1.1 1.1-1.2 0.001 1.1 1.0-1.2 0.007

3-4 1.3 1.2-1.5 <0.001 1.3 1.1-1.5 <0.001

5+ 1.4 1.2-1.6 <0.001 1.3 1.1-1.6 0.001

Unknown 0.9 0.9-1.1 0.393 0.9 0.8-0.95 0.001

Results: risk factors for resistance



Variable

Resistant infection compared to 

susceptible infection

Multi-drug resistant infection compared 

to susceptible infection

Adjusted odds 

ratio
95% CI p-value

Adjusted 

odds ratio
95% CI p-value

Care home 

residence 

in previous 

12 months

No 1 - - 1 - -

Yes 2.2 1.9-2.5 <0.001 3.5 3.1-4.0 <0.001

Drug 

classes 

prescribed 

in previous 

12 months

0-4 1 - - 1 - -

5-9 1.1 1.1-1.2 <0.001 1.1 1.0-1.2 0.035

10-14 1.3 1.2-1.4 <0.001 1.4 1.3-1.5 <0.001

15-19 1.5 1.3-1.6 <0.001 1.8 1.6-2.0 <0.001

20+ 1.7 1.4-2.0 <0.001 2.2 1.8-2.6 <0.001

Number of 

hospital 

stays in 

previous 12 

months

0 1 - - 1 - -

1 1.1 1.0-1.2 0.017 1.2 1.1-1.3 <0.001

2 1.2 1.1-1.3 0.001 1.4 1.2-1.5 <0.001

3 1.2 1.1-1.4 0.008 1.8 1.5-2.1 <0.001

4+ 1.3 1.1-1.5 0.002 1.9 1.6-2.2 <0.001

Results: risk factors for resistance



Results: cumulative antibiotic exposure

Resistant vs. 
Susceptible

MDR vs. 
Susceptible



How can these results be used applied in ‘the real world’? 

Risk assessment 
tools



Risk of resistance models

Resistant to 
nitrofurantoin

Ideal model Realistic model

• Use risk factors identified in previous work to develop models 
- plus additional potential risk factors identified

• Focus on resistance to two individual antibiotics 
– nitrofurantoin and trimethoprim

Resistant to 
trimethoprim

Ideal model Realistic model

Resistant to 
both

Ideal model Realistic model

Data sources and linkage

• HPS UTI Snapshot – Jan2012 to June 2016
• SMR00 Outpatients
• SMR01 Inpatients/daycases
• PIS community prescribing data

Outcome – resistant (y/n) to the antibiotic



Realistic vs. Ideal models

Previous work identified risk factors which are not likely to be available to 
the clinician at point of care, e.g.:

• Charlson score – weighted score of 18 different diagnoses 
• Exposure to antibiotics measure in DDDs 

Solution: develop adapted versions of these covariates, e.g.

Covariate (e.g.) ‘Ideal’ model ‘Realistic’ model

Measures of co-
morbidity

• Charlson score – measure of co-morbidity
• Weighted numerical score (0-18) 
• 5 year lookback through hospital records

• individual covariates for each of the 
18 diagnoses – e.g. MI, stroke, diabetes
• All available data sources used; lookback to 1996
• Allows question to be “does the patient have  a 

history of X?” 

Exposure to 
trimethoprim

• DDDs of trimethoprim in 
previous 6 months – 0, 1-7, 8-14, 15-21,   
22-28, 29+

• Number of times trimethoprim was prescribed 
in previous 6 months



Process

• Data split into training and test datasets (2:1)
• Statistical model (logistic regression) built using 

training dataset outcome = resistant to antibiotic  
• Derived model tested on test dataset – test how well

this model predicts high/low risk of resistance

Measures

• AUC: area under ROC curve
• Sensitivity: % of cases correctly identified as resistant
• Specificity: % of cases correctly identified as sensitive



Developing the model

• Backwards stepwise logistic regression
• All variables included where p<0.3 at univariate level
• Basically, start off with a all (lots) of variables in model

Diabetes

Age group

Cancer

Gender BNF paragraphs

Hemiplegia

Hospital adms

DDDs abx

Dementia CVD

MIDDDs trimeth

Temporal abx use
Previous surgery

Renal disease

Charlson score

Different abx

Abx items

Previous GU surgery

Immunosuppressant
use PPI use

PVD

COPD

Liver disease

Ulcers
Temporal abx use

Care home

Age group

Care home

Hosp. adms

Hosp. adms

DDDs antibiotics



Current ‘best fit’ Trimethoprim model

Proportion of 

resistant cases 

not identified as 

being high-risk of 

resistance

Proportion of sensitive  cases identified 

as being high risk of resistance

Variables included - age group, care home residence, previous hospital 
admissions, total antibiotics prescribed in previous 6 months, time since 
most recent trimethoprim prescription

Sensitivity: 58.4%
Specificity: 65.1%
AUC:  0.6815

Based on optimal cutpoint from model



Trade-offs

• Addition of 15 extra covariates may improve sensitivity by 2%

• Using number of antibiotics items prescribed in previous 12 months, as
opposed to previous 6 months, may improve AUC by 0.03

•Are these improvements worth it?

Model refinement

Cutpoint Sensitivity (%) Specificity (%)

0.20 93.61 12.74

0.25 81.97 34.32

0.30 70.50 50.80

0.33 58.38 65.13

0.35 56.81 66.62

0.40 45.24 75.97

0.45 32.31 86.21

0.50 20.88 92.57

0.55 14.41 95.85

0.60 10.05 97.47

0.65 5.51 98.94

0.70 3.25 99.41



How is this all translated?

Variable Coefficient Scaled (x5)
Scaled (x5) and 

rounded

Age group

40-49 0.072 0.360 0

50-59 0.126 0.630 1

60-69 0.045 0.225 0

70-79 0.065 0.325 0

80-89 0.137 0.685 1

90+ 0.146 0.730 1

Care home 
residence

Yes 1.017 5.085 5

Number of 
hospital 
admissions in 
previous 12 
months

1 0.124 0.620 1

2 0.337 1.685 2

3 0.390 1.950 2

4+ 0.631 3.155 3

Time since 
last 
trimethoprim
prescription

<= 1 month 1.144 5.720 6

2-3 months 0.792 3.960 4

4-6 months 0.591 2.955 3

Some other abx in 
previous 6 mths

0.506 2.530 3

Regression coefficients  - and cutoff - scaled and rounded for ease of use in 
practice

Example1:
Patient aged 40-49 (0), 1 
hospital admission (1) and 
prescribed trimeth 5 months 
ago (3)
Total risk score = 4

Example2:
Patient aged 70-79 (0), care 
home resident (5), 3 hospital 
admission in previous 12 
months (2) and trimethoprim 
last week (6);
Total risk score = 13



Further work

• Investigate ‘unknown’ missing covariates

• Finalise models with study team

•Develop test calculators

Ultimately......?

Be available to clinicians via 
SAPG Antimicrobial Companion



Thanks to:

• Study team
• Ashutosh Deshpande 
• Gail Haddock
• Kim Kavanagh
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• Carol Philip

• Colleagues in HPS and the PHI Indexing Team 

Questions/comments/suggestions?


