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Background: Most antibiotic prescribing occurs in primary care. Even within the same health facility, there may
be differences between prescribers in their tendency to prescribe antibiotics, which may be masked by summary
data. We aimed to quantify prescriber variability in antibiotic prescription to patients with acute fever in primary
care clinics in Myanmar.

Methods: We conducted a secondary analysis of prescribing data from 1090 patient consultations with 40 pre-
scribing doctors from a trial investigating the effect of point-of-care C-reactive protein (CRP) tests on antibiotic
prescription for acute fever. We used multilevel logistic regression models to assess inter-prescriber variability in
the decision to prescribe antibiotics.

Results: The median odds ratio (MOR) in the unadjusted model was 1.82 (95% CI: 1.47-2.56) indicating that
when two prescribers from this population are randomly selected then in half of these pairs the odds of
prescription will be greater than 1.82-fold higher in one prescriber than the other. The estimated variability from
this sample of prescribers corresponds to a population of prescribers where the top 25% of prescribers will
prescribe antibiotics to over 41% of patients while the bottom 25% will prescribe antibiotics to less than 23% of
patients. Inter-prescriber variation in antibiotic prescribing remained after adjustment for patient characteristics
and CRP information (P < 0.001).

Conclusions: Despite sharing the same management guidelines, there was substantial inter-prescriber variation
in antibiotic prescription to patients with acute fever. This variation should be considered when designing trials

and stewardship programmes aiming to reduce inappropriate antibiotic prescribing.

Introduction

Antimicrobial resistance (AMR) is a growing problem and becoming
a threat to public health globally.! Bacteria are becoming increas-
ingly resistant to antibiotics and unnecessary antibiotic use in
human and agricultural sectors is fuelling the process.? Global anti-
biotic consumption increased by 35% between 2000 and 2010
with increased use of last resort antibiotic classes.> Consumption
of antibiotics is associated with development of antibiotic resist-
ance.* The majority of antibiotic prescriptions for humans occurs
in primary care facilities, particularly for patients with febrile
illness®® and respiratory tract infections.’®!! There are concemns
that most of these prescriptions may be unnecessary.’
Identifying febrile patients who could benefit from receiving

antibiotics is challenging for healthcare workers, especially in re-
source poor settings where diagnostic facilities are limited.!*
A situational analysis in Myanmar in 2014 found that, on average,
47% of outpatients received an antibiotic across primary care
facilities (ranging from 34% to 54%) and 87% of those with upper
respiratory tract infections received an antibiotic across primary
care facilities (ranging from 73% to 96%).** Antimicrobial steward-
ship activities are in the early stages of development and
implementation in Myanmar.*®

Even within the same health facility, there may be substantial
differences between prescribers in their tendency to prescribe anti-
biotics.'®!” Consequently, summary data of antibiotic prescrip-
tions at a health facility may mask the variation that exists among
the prescribers in that facility. Where considerable inter-prescriber
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variation exists, a health facility may have doctors who prescribe
at the appropriate level, alongside doctors who are overprescribing
and doctors who are under-prescribing. Antimicrobial stewardship
programmes in health facilities that target behaviour of high pre-
scribing doctors such as peer comparison and feedback have the
potential to reduce antibiotic overuse where there is high variation
in antibiotic prescription among doctors.'®1° Studies have shown
variation of antibiotic prescription among primary care physicians
and GPs in different countries?®?? but data from Southeast Asia
and low- and middle-income settings are limited. A failure to ac-
count for inter-prescriber variation in the design and analysis of
antimicrobial stewardship studies may lead to inefficient study
designs, inappropriate analysis and incorrect conclusions.

To assess inter-prescriber variability and patient factors that
may influence the decision to prescribe we performed a secondary
analysis on data collected from a randomized control trial on man-
agement of acute febrile patients in primary care facilities con-
ducted in 2016-17 in Myanmar.?®> The objectives of this analysis
were to quantify the amount of inter-prescriber variation in anti-
biotic prescription for patients with acute fever in one organization
with uniformm management guidelines, to investigate whether pa-
tient characteristics could explain variation among prescribing
doctors and to quantify associations between patient characteris-
tics and the doctor’s decision to prescribe antibiotics.

Methods
Study dataset

This is a secondary analysis of data generated by a randomized controlled
trial investigating the effect of point-of-care C-reactive protein (CRP) testing
on antibiotic prescription for febrile patients in primary care facilities in
Myanmar that showed point-of-care CRP testing reduced the proportion of
antibiotic prescriptions in the intervention group compared with the control
group.?? In brief, patients over 1 year of age presenting with an acute fever
to three primary care clinics operated by Medical Action Myanmar (MAM) (a
non-governmental organization) and one outpatient department of a
township hospital were recruited into the study. Fever was defined by tym-
panic temperature >37.5°C (or axillary temperature >37°C) or history of
fever <14days. In the original trial, patient recruitment was stratified by
age (children defined as <12 years and adults defined as >12 years) and
they were randomized with a ratio of 1:1:1 into one of the three groups; two
CRP-guided intervention groups and one routine care control group. Study
staff on site carried out study-related procedures including recruitment and
point-of-care CRP testing to patients in the intervention groups prior to the
patients consulting with prescribing doctors. Then for the intervention
groups, the CRP result was coommunicated to the prescribing doctors as ‘low
CRP’ or ‘high CRP’ using a CRP cut-off of 20 mg/L in intervention group A and
40mag/L inintervention group B. If the patient was in the control group then
the prescribing doctors were given no information about the CRP status of
the patient. Point-of-care CRP testing was not performed for patients in the
control group, where prescribing doctors were advised to manage patients
as routine practice. Due to the nature of the study design, prescribing doc-
tors were not masked to the intervention or control status of the patients.
However, they were masked to the allocation of intervention group A or B,
and they were not informed of the exact value of the CRP resullt.

We followed-up patients at day 5 and day 14 to assess recovery from
the illness. While the trial primary outcome was the percentage of patients
prescribed an antibiotic up to and including the day 5 visit, the current
analysis was restricted to antibiotic prescription at the first consultation
(day 0) in the three primary care clinics as our aim was to estimate the

inter-prescriber variability of prescribers working in the same organization
(with the same management guidelines) who are providing care to the
same patient population. We included all three study groups from three
MAM clinics in the analysis. We did not include the township hospital in the
analysis because of different management guidelines and different patient
population.

MAM clinics are located in industrial slums approximately 20 km outside
of Yangon downtown area. The clinics open 7 days a week from 9.00 to
17.00 and provide a range of healthcare services including general medical
care, HIV prevention and treatment, reproductive healthcare and malnutri-
tion care. All services are provided free of charge. Patients recruited to
this study were seen by the next available general doctor. MAM used clinical
guidelines created by Médecins Sans Frontiéres for management of
patientsin the clinics.

Statistical analysis

Patient characteristics were summarized with n/N (%) for categorical or
median (25th, 75th percentile) for continuous variables. The data had a
multilevel structure; each prescriber could have multiple patient consulta-
tions. To quantify the variation in antibiotic prescribing between prescribers
we fit a multilevel logistic regression model (prescriber only model) with the
prescriber decision to prescribe antibiotics (yes/no) as the outcome and
prescriber-specific random effects (prescriber-varying intercept). We pro-
vide estimates and 95% CIs for the between-prescriber variance and the
corresponding variance partition coefficient (VPC) and median odds ratio
(MOR). The VPC represents the proportion of the total observed variation in
antibiotic prescription that is attributable to between-prescriber variation.
The MOR can be interpreted as a 0.5 probability that when two prescribers
are randomly selected from the population, the odds of prescription will
be greater than the value of MORin one prescriber than the other.?*

We assessed prescriber-specific residuals graphically. Using the distribu-
tion of prescription probability for the population of prescribers that would
result from the estimate of the intercept and variance, we calculated the
implied percentiles of prescription probability amongst the population of
prescribers and visualized this graphically.

To explore whether the variation in antibiotic prescribing could be
explained by differences in patients’ clinical presentation and to quantify
the association between patient characteristics and the decision to
prescribe antibiotics, we fit a multilevel logistic regression model (patient
characteristics adjusted model) with prescriber-specific random effects
and eight patient characteristics (selected a priori as potential covariates
associated with the decision to prescribe) and study site as fixed effects.
The following patient characteristics were included as covariates: age
(categorical: <12 and >12years as in the trial analysis); gender (male or
female); presence of comorbidities (yes or no); prior antibiotic use (yes or
no); fever on presentation (yes or no); self-reported duration of fever at
presentation (categorical: <2 and >2 days); CRP information (categorical:
no CRP test, high CRP, low CRP); self-reported duration of respiratory symp-
toms at presentation (categorical: no respiratory symptoms, <3 days and
>3 days). Variance, VPC and MOR were calculated and the adjusted associ-
ation between patient characteristics and the decision to prescribe antibiot-
ics were present as adjusted OR estimates and 95% CI. We used STATA
Version 15 (StataCorp, TX, USA) for the analysis.

Ethical approval

Protocol, informed consent forms and study related documents were
reviewed and approved by Oxford Tropical Research Ethics Committee
(OXTREC) and the research ethics committee of the Department of Medical
Research (DMR), Myanmar. This trial was registered in ClinicalTrials.gov
(registration no. NCT02758821).
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Results

Patient characteristics

The dataset for analysis consisted of 1090 patients with acute
fever; 561 children (1 to <12 years) and 529 adolescents/adults
(>12years) enrolled into the trial between November 2016 and
June 2017 in three clinics in Myanmar. There were 40 prescribers
who conducted a median (minimum-maximum) of 10 (1-125)
patient consultations (Figure S1, available as Supplementary data
at JAC-AMR Online). Patient characteristics are shown in Table 1
and Figure S2. Overall, the prescribers prescribed antibiotics to 34%
(372/1090) of patients. Prescribers made the decision to prescribe
antibiotics more frequently to patients who had documented fever
on presentation (39%) than those who did not (29%); to patients
with fever duration >2 days (44%) than patients with fever dur-
ation <2 days (26%); and to patients who had respiratory symp-
toms at presentation (34% for <3 and 54% for >3 days duration)
than those who did not (23%).

Inter-prescriber variability

There was substantial variation between doctors in the observed
percentage of their patients who received an antibiotic prescription
(Figure 1a and Figure S3). The variation persisted when consulta-
tions were stratified by CRP information (Figure 1b-d).

Table 2 shows variance components of two multilevel logistic
regression models: a prescriber-only model and a patient charac-
teristics adjusted model. In the prescriber-only model there was
strong evidence of inter-prescriber variation (P < 0.001, likelihood
ratio test of multilevel logistic regression compared with ordinary
logistic regression). The variance was 0.39 (95% C1: 0.16-0.97) and
the VPC was 0.11 (95% CI: 0.05-0.23) implying that 11% of the
residual variation in prescribing an antibiotic was attributable to
unobserved prescriber characteristics. Caterpillar plots of prescriber
residuals are shown in Figures S4 and S5. The MOR was 1.82
(95% CI: 1.47-2.56), which can be interpreted as a 50% prob-
ability that when two prescribers are randomly selected
from this population the odds of prescription will be more than
1.82-fold higher in one prescriber than the other. Using the
model estimate of variance and the intercept (—0.784 log odds)
we graphically displayed the distribution of prescribing prob-
ability among the prescriber population (Figure 2). Under this
distribution, the top 5% of doctors prescribe antibiotics in more
than 56 of every 100 consultations, the top 25% in more than
41 of every 100 consultations, the bottom 25% in fewer than
23 of every 100 consultations and the bottom 5% in fewer
than 13 of every 100 consultations.

To examine if inter-prescriber variation could be explained by
patient characteristics, and to assess the contribution of patient
characteristics to the decision to prescribe antibiotics, we fitted an
adjusted multilevel logistic regression model including eight
patient characteristics and site (Table 3). After adjustment, there
was still strong evidence of inter-prescriber variation (P<0.001,
likelihood ratio test). Variance, VPC and MOR were not reduced
after adjustment for patient characteristics (Table 2), suggesting
that differences in patients’ characteristics do not explain variation
in antibiotic prescription among prescribers.

Relationship between patient characteristics and
decision to prescribe antibiotics

Several patient characteristics were associated with the doctor’s
decision to prescribe an antibiotic after adjustment (Table 3).
Prescribers made the decision to prescribe antibiotics more fre-
quently to patients with duration of fever >2 days than patients
with duration of fever <2 days [OR = 2.00 (95% CI: 1.42-2.82)] and
to patients with respiratory symptoms than those without

Table 1. Patient characteristics and proportion of patients who received
an antibiotic prescription

Proportion of

Total patients
patients, prescribed

Subgroup n/N (%) antibiotics
All patients 1090 0.34
Study sites

Clinic A (HTY A clinic) 416/1090 (38%) 0.32

Clinic B (HTY B clinic) 343/1090 (31%) 0.36

Clinic C (SPT clinic) 331/1090 (30%) 0.34
Age

>12 years 529/1090 (49%) 0.36

<12 years 561/1090 (51%) 0.32
Gender

male 48711090 (45%) 0.35

female 603/1090 (55%) 0.33
Comorbid diseases®

no 954/1090 (88%) 0.34

yes 145/1090 (13%) 0.31
Prior antibiotic use

no 1033/1090 (95%) 0.33

yes 57/1090 (5.2%) 0.49
Fever on presentation®

no 480/1084 (44%) 0.29

yes 604/1084 (56%) 0.39
Duration of fever®

<2days 565/1073 (53%) 0.26

>2days 508/1073 (47%) 0.44
Respiratory

symptoms duration?

no respiratory 311/1088 (29%) 0.23

symptoms

<3days 598/1088 (55%) 0.34

>3 days 179/1088 (16%) 0.54
CRP information

no CRP test 365/1090 (33%) 0.38

low CRP 521/1090 (48%) 0.15

high CRP 204/1090 (19%) 0.76

See Figure S2 for the distribution of patient age and gender by prescriber.
“Diabetes, hypertension, asthma, hepatitis B/C infection, HIV, congenital
heart disease, gastritis, rheumatic fever, ureteric stone, epilepsy, alcohol-

ism, G6PD deficiency, ischaemic heart disease.
®Data not recorded in six patients.

“Data not recorded in 17 patients.

dData not recorded in two patients.
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Figure 1. Observed percentage of patient consultations prescribed antibiotics by prescribers. (a) All consultations, (b) consultations with no CRP infor-
mation, (c) consultations with low CRP and (d) consultations with high CRP. Dashed horizontal lines represents the percentage of all patients receiving
an antibiotic prescription for the corresponding category. Note that some points overlap: 11 prescribers saw 1 patient and did not prescribe antibiotics
and 5 prescribers saw 1 patient and did prescribe antibiotics. (For a figure with these data stratified by clinic see Figure S3).

Table 2. Variance components of model 1 (prescriber-only model) and
model 2 (patient characteristics and study site adjusted model)

Estimate (95% CI)

Prescriber-only Patient characteristics

model and site adjusted model
Variance 0.39(0.16-0.97) 0.71(0.29-1.70)
VPC 0.11 (0.05-0.23) 0.18 (0.08-0.34)
MOR 1.82 (1.47-2.56) 2.23(1.68-3.47)

See Figure S4 for distribution of prescriber residuals in a caterpillar plot of
the prescriber only model and Figure S5 for the adjusted model.

[OR=1.85 (95% CI: 1.25-2.75) for respiratory symptoms duration
<3days and OR=3.56 (95% CI: 2.13-5.94) for >3 days]. Doctors
prescribed antibiotics more often to patients with prior antibiotic
use [OR = 2.82 (95% CI: 1.40-5.69)] and patients who had fever on
presentation [OR=1.65 (95% CI: 1.17-2.33)]. Prescribers were
more likely to prescribe antibiotics to patients with high CRP than
those with no CRP [OR = 5.98 (95% CI: 3.84-9.32)] and less likely to
prescribe antibiotics to patients with low CRP [OR = 0.24 (95% CI:
0.16-0.34)] than patients with no CRP information. There was no
evidence of any clustering of observed patient factors not used for
stratification by prescribers (P> 0.05 for all).

Discussion

Using a dataset from a trial investigating the impact of point-of-
care CRP testing on antibiotic prescription in patients with acute
fever, we assessed variation in antibiotic prescription between pri-
mary care doctors. We used multilevel logistic regression models
to quantify the amount of variation and investigated whether dif-
ferences in patient characteristics could explain this variation. First,
we showed that there was a considerable inter-prescriber variation
in antibiotic prescription among the clinic doctors. Second, we
observed that the variation remained after adjusting for patient
characteristics, study site and CRP test results, suggesting that dif-
ferences in patient clinical presentation did not explain the vari-
ation. This is consistent with the patient flow of the clinics
investigated; all of the prescribers in this study were seeing
patients from the general population. It is important to note that
patient population in the dataset is relatively homogeneous as the
trial recruited participants based on a set of eligibility criteria.”* In
addition, all the prescribing doctors are working in the same clinics
under the same management guidelines and seeing the same pa-
tient population. The decision of whether to prescribe antibiotics or
not seems to depend in part on the preferences of the individual
prescribing doctor rather than solely a reflection of patient clinical
presentation and CRP information.

The variation in antibiotic prescription in our study is consistent
with findings from other primary care settings. In the present
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Figure 2. Predicted variability in prescribing among clinicians. Distribution function of predicted prescribing probability of clinicians presented as a per-
centage. Under this distribution, a clinician at the 75th percentile of prescribing prescribes antibiotics to 41% of their consultations while a clinician at
the 25th percentile prescribes antibiotics to 23% of their consultations. The distribution is derived from the estimate of the intercept (—0.784) and es-

timate of the variance (0.396) from the prescriber-only model.

study, the estimated MOR was 1.8 in the prescriber-only model,
implying that when two prescribers are randomly selected from
this population, in 50% of these pairings, the odds of prescription
will be more than 1.8-fold higher in one prescriber than the other.
This is consistent with studies of primary care prescribing tenden-
cies in other settings: 1.7-fold for antibiotic prescription among
family physicians in Canada and 3-fold for antibiotic prescription
for acute rhinopharyngitis among GPs in France.’®*> A study
carried out in the USA demonstrated a high variability of antibiotic
prescribing among paediatricians for respiratory tract infections in
emergency care and primary care settings.”® Substantial variation
in high-risk non-steroidal anti-inflammatory drug prescribing
among GPs in Scotland has also been noted.?” Similarly, a cross-
sectional study carried out in 457 GPs across six European coun-
tries showed that prescribing style remained an important source
of variation in antibiotic prescription for patients with sore throat
after adjusting for patient and GP characteristics.”® Prescribing
empirical antibiotics is not an easy task and there is often genuine
uncertainty about the best course of action; one study noted
that two infectious disease specialists disagreed with each other
29% of the time for prescription of antimicrobials for hospitalized
ICU patients.?®

In addition to a high CRP result, four patient characteristics
were significantly associated with increased odds of a prescriber
deciding to prescribe antibiotics: the patient having prior antibiotic
use, the patient having fever on presentation, duration of patient
fever and patient respiratory symptoms. A study done in over
5000 children with fever in 28 outpatient departments across 11
European countries showed association between a patient’s age,
fever duration, CRP level, chest X-ray findings and focal abnormal-
ities with increased antibiotic prescription.® In our study, the asso-
ciation between patient age and antibiotic prescription had a wide

95% CI that included no association and so future research would
be needed to further investigate any association and yield a more
precise estimate. A study on childhood febrile illness in primary
care in Malaysia showed an overall antibiotic prescription percent-
age of 37% with duration of fever >7 days and higher temperature
as independent patient predictors for antibiotic prescription.*

We observed substantial variation in antibiotic prescription
among 40 prescribers with 1090 patient consultations. One
strength of our study is that all prescribers were working in the
same organization with uniform management guidelines seeing a
relatively homogeneous trial patient population, so the estimate
of clinician variability is unlikely to be attributed to differences in
clinical setting and management. We estimated the variation
using multilevel models and presented the variability graphically
and via MORs, which are interpretable to policymakers and
clinicians. An advantage of presenting the median OR is that the
amount of variability can be measured and interpreted in a
manner similar to ORs.**

Our study has some limitations. We did not have a sufficient
sample size to estimate association between prescriber character-
istics (demography, practice years) and tendency to prescribe anti-
biotics. Therefore, we were not able to explore prescriber’s
characteristics such as gender, years of practice, previous training
and working practices that could explain some of the variability in
prescription. Many of the doctors had only been practising in this
clinic setting for less than 1 year and our findings should be inter-
preted in light of the clinician population, patient population and
clinic setting. Some of the prescribing clinicians in our study are
junior doctors and the variability in prescription among them might
be different from other clinicians with several years of experience
and practices in different patient population and different clinical
settings. As patients in this study were recruited in the context of a
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Table 3. Adjusted OR from multilevel logistic regression model with pre-
scriber as random effects adjusting for patient characteristics and study

site

Adjusted OR

Patient characteristic (95% CI) Pvalue
Study sites

Clinic A (HTY A clinic) reference

Clinic B (HTY B clinic) 1.58 (0.72-3.47) 0.25

Clinic C (SPT clinic) 1.18 (0.56-2.49) 0.67
Age

>12 years reference

12 years 0.76 (0.51-1.11) 0.16
Gender

male reference

female 1.04 (0.76-1.44) 0.79
Comorbidities

no reference

yes 1.20(0.74-1.95) 0.46
Prior antibiotic use

no reference

yes 2.82 (1.40-5.69) 0.004
Fever on presentation

no reference

yes 1.65(1.17-2.32) 0.004
Duration of fever

<2days reference

2 days 2.00(1.42-2.82) <0.001
Respiratory symptoms

duration (days)

no symptoms reference

<3days 1.85(1.25-2.75) 0.002

3days 3.56 (2.13-5.94) <0.001
CRP information

no CRP test reference

low CRP 0.24(0.16-0.34) <0.001

high CRP 5.98 (3.84-9.32) <0.001

clinical trial, the generalizability of these findings is limited to the
patient population recruited; antibiotic prescribing to febrile
patients not eligible for the trial was not captured.

Our study findings provide further evidence of variation in the
decisions of primary care doctors in low- and middle-income coun-
tries to prescribe antibiotics to patients with acute febrile illness.
The considerable prescriber variation in the tendency to prescribe
antibiotics has important consequences for the design of trials
seeking to influence prescribing behaviour. When planning
and analysing a study that aims to estimate the impact of aninter-
vention on a healthcare professional’s decision to prescribe, the
clustered nature of patient-prescriber consultations must be con-
sidered. Ignoring prescriber variability and assuming all consulta-
tions are independent observations will lead to an overestimate of
the power of the study and an underestimate of the anticipated
uncertainty of the effect. A failure to appreciate the clustered
nature of patient consultations within prescribers can lead to
investigators inadvertently conducting a cluster randomized

control trial without sufficient sample size and power if they assign
prescribers to an intervention or control arm for the duration of the
study.?? Failure to account for the existence of inter-prescriber vari-
ability in the analysis of these trials can lead to an inflated type 1
error rate and ClIs with incorrect coverage, thereby generating false
conclusions.®*3°

Policymakers should appreciate that a single rate or proportion
of antibiotic prescription from a clinic, hospital or country is a sum-
mary measure of many prescribers with different prescribing ten-
dencies. A single clinic with an overall rate of antibiotic prescribing
viewed as acceptable may in fact have some prescribers who are
over-prescribing and some prescribers who are under-prescribing.
An understanding of the variation in prescribing at the prescriber
level may help target interventions appropriately. If it is only a
subset of prescribers that are over-prescribing, then interventions
targeting those prescribers may be more effective than interven-
tions that aim to reduce prescription among all prescribers. If a
population of prescribers has substantial variability in their ten-
dency to prescribe, an intervention that aims to reduce prescription
rates for all prescribers may reduce over-prescribing at the cost of
increasing under-prescribing in healthcare workers who already
prescribe at low rates. Antibiotic stewardship programmes target-
ing high prescribers should be considered as potential interven-
tions to reduce unnecessary antibiotic use.

In conclusion, we found substantial inter-prescriber variability
in antibiotic prescription for acute febrile illness and this variation
could not be explained by differences in patient clinical presenta-
tions. Studies of interventions that aim to reduce antibiotic pre-
scribing that fail to acknowledge prescriber variation run the risk
of lacking sufficient power, applying inappropriate analyses and ul-
timately drawing false conclusions. Policymakers need to consider
that a group of clinicians may be made up of both over-prescribers
and under-prescribers, and antimicrobial stewardship interven-
tions should take this into account.
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