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Abstract 

Background: Substantial variation in antibiotic prescribing rates between general practices persists; 

however, it remains unexplained at a national level. Objectives: To investigate a possible association 

between antibiotic prescribing and area-level socioeconomic deprivation. Methods: Antibiotic 

prescribing data were obtained from NHS Business Service Authority for the year 2022-2023. These 

data were linked to data on practice list size, age, and sex obtained from NHS Digital, and Index of 

Multiple Deprivation (IMD) 2019 scores. A multivariable Poisson regression was conducted to 

control for potential confounders, including practice list size, proportion of older age patients (>55 

years), and proportion of females. Results: Approximately 5.2 million dispensed prescription items 

were analyzed. Antibiotic prescribing rate was associated with IMD quintile, with the most deprived 

quintile receiving 20% more antibacterial prescriptions than the least deprived. [IRR 1.20; (95% CI 

1.08-1.34)]. Proportion of older age patients was the strongest predictor of prescribing [IRR 1.63; (95% 

CI 1.52- 1.74)], followed by proportion of females [IRR 1.09; (95% CI 0.99-1.21)]. GP practice list size 

was inversely related to prescribing [IRR 0.89; (95% CI 0.83-0.95)]. Conclusions: Primary care 

practices in socioeconomically deprived areas are associated with increased antibiotic prescribing, 

and this is not entirely explained by area-level characteristics nor by practice population structure. 

Considerable variation in prescribing remains unexplained, supporting the need for continuous 

antimicrobial campaigns. 
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1. Introduction 

  Since their development in the 1940s, antibiotics have become the cornerstone of modern 

medical practice. They are used routinely in the treatment of, and the prophylaxis against, bacterial 

infection, enhancing health outcomes and quality of life for millions of patients. However, their 

injudicious use has led to the emergence of resistant strains of bacteria that are unresponsive to 

antibiotics in current use [1]. The number of new classes of antimicrobials has been in gradual decline 

since 1987, signaling the end of the ‘golden era’ of antibiotic production [2]. This has prompted the 

World Health Organization (WHO) in 2015 to recognize antimicrobial resistance (AMR) as a global 

health concern and develop an action plan for the implementation of antimicrobial stewardship 

(AMS) programmes among Member States to reduce the burden [3]. The terms antimicrobial, 

antibiotic, and anti-infective agent encircle an array of pharmaceuticals (i.e. antibacterials, 

antifungals, antivirals, and anti-parasitic drugs) [4]. The most commonly used antimicrobial agents 

are antibacterials [4], and thus, will be the focus of our study. The aim of this study was, therefore, to 

investigate a possible association between antibacterial prescribing and area-level socio-economic 

deprivation in general practice (GP) surgeries, within a primary care setting in England. The findings 
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will be used to identify areas for further research as well as implications for clinical and prescribing 

practice.  

According to the WHO, 5 million deaths were attributed to AMR in 2019 globally, and a cost of 

US$100 trillion from health care expenditure and loss of productivity is projected by 2050 [5]. 

Furthermore, the World Bank Group (WBG) estimates that, if left unchecked, AMR could wipe 3.8% 

of the gross domestic product (GDP) globally, and drive 28 million people into poverty, particularly 

in low-and middle-income countries [6]. In 2019, the United Kingdom (UK) government developed 

a twenty-year vision and a five-year national action plan (NAP) to tackle AMR with an ambitious 

goal of a 15% reduction in human antimicrobial use by 2024 (GOV.UK, 2019). In 2024, another five-

year NAP was proposed for confronting AMR with emphasis on increasing collaboration across the 

UK, taking on a One Health approach, maintaining global cooperation, and reducing inequalities in 

AMR [7]. Despite these efforts, a recent UK Health Security Agency (UKHSA) report highlighted only 

a 1.6% reduction in the total number of AMR infections between 2018 and 2022 in England, compared 

to the UK NAP target of 10% [8]. 

In the UK, primary care settings accounted for 80.2% of all antibacterial prescriptions in 2022 

with a reported overall decline of 1.7% between 2018 and 2022, despite the consumption [7] between 

2021 and 2022 being greater than pre-pandemic levels [8]. There is thus an emphasis on the need for 

sustained attempts to control improper antibacterial prescribing and dispensing in primary care [8]. 

According to the English Surveillance Programme for Antimicrobial Utilization and Resistance 

(ESPAUR) report, England’s most deprived areas showed the highest burden of AMR infections at 

33.0 per 100,000 population, compared to the least deprived at 23.4 per 100,000 population (UKHSA, 

2023). Additionally, in a rapid systematic review investigating a correlation between sepsis and 

inequalities in health, Bladon et al. found that unemployment, low socioeconomic status, and poor 

educational attainment were associated with an increase in the incidence of community-acquired 

sepsis [9]. Nevertheless, these findings were inconsistent in the 50 studies included in the review; 

moreover, 31 studies were conducted in the US and only four were from the UK emphasizing the 

need for more studies in similar high-income settings. Similarly, two observational studies conducted 

in the UK [10,11] and one observational study conducted in New Zealand [12], showed that 

antibacterial prescribing in more deprived areas seemed to be higher than in the less deprived; 

however, this may be attributable to a higher prevalence of comorbidities in these areas [10,13]. 

A recent scoping review by Harvey and others identified three studies that examined the effect 

of patient-level factors on physicians’ prescribing decisions [14–16] and found that in a community 

setting, lower-income people used antibacterials more frequently than higher-income people did. 

Conversely, two other studies [17,18] showed that in a hospital setting high-income earners were 

more likely to use antibacterials than low-income earners [19]. Thomson et al. identified the low 

number of GPs serving a particular geographic location as a factor that may lead to increased rate of 

antibacterial prescribing in deprived areas which limits the access to health services by adding 

pressure on patient-allotted times, thereby increasing the likelihood of inappropriate prescribing [11]. 

Perhaps consequently, life expectancies in highly deprived areas in England were seven and nine 

years less than the less deprived areas in men and women respectively [20]. 

While earlier studies have explored the impact of patient-level factors and the prevalence of 

comorbidities on the rate of antibacterial prescribing, the effect of area-level factors and their 

influence on antibacterial prescribing were not addressed. The aim of this study was, therefore, to 

investigate a possible association between antibacterial prescribing and area-level socio-economic 

deprivation in general practice (GP) surgeries, within a primary care setting in England. The findings 

will be used to identify areas for further research as well as implications for clinical and prescribing 

practice. 
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2. Results 

2.1. Study Dataset  

In total, 19 oral antibacterials (13 drugs and 6 drug classes) were included in the analysis, with 

5,127,930 prescribed items from 6,259 unique practices. A total of 2,641 practices (30%) were excluded 

before conducting the analysis as 1,333 (14%) practices had fewer than 50 items prescribed from April 

2022 to March 2023, 1,219 (14%) additional practices had no Index of Multiple Deprivation (IMD) 

2019 score, 78 additional practices had no list size data (1%), and 11 additional practices had fewer 

than 100 patients (0.1%). The final dataset consisted of 6,259 unique practices covering 99.7% of all 

registered patients in England between 1 April 2022 and 31 March 2023. 

2.2. Variation in Antibacterial Prescribing 

2.2.1. All Antibacterials 

The average prescribing rates of all antibacterials by practice IMD 2019 score deciles 1 to 10 are 

displayed in Figure 1. Without adjusting for other factors, there is no clear relationship between 

deprivation and prescribing rates. 

The results of the univariate and multivariate analyses for all antibacterials are summarized in 

Table 1. Only the multivariate regression results will be discussed and the results presented are for 

quintile 5 versus quintile 1. There was a significant and independent positive association between the 

proportion of older population and the prescribing rate [IRR 1.63; (95% CI 1.52-1.74)], followed by 

IMD 2019 scores [IRR 1.20; (95% CI 1.08-1.34)]. No statistically significant association was observed 

between the prescribing rate and proportion of females in GP practice. GP practice list size was shown 

to be negatively associated with the prescribing rate [IRR 0.89; (95% CI 0.83-0.95)]. 

 

Figure 1. Average prescribing rates of all antibacterials, by practice IMD 2019 scores deciles. 

Table 1. Association between prescribing rate and predictor variables for all antibacterials, from quintile 1 to 5. 

Variable Quintile 
Unadjusted  

IRR 95% CI    

Adjusted 

IRR 95% CI 

IMD 2019 

1 

2 

3 

4 

5 

 

Reference 

1.0 (0.94-1.06) 

0.95 (0.89-1.00) 

0.93 (0.87-0.99) 

0.98 (0.92-1.04) 

 

Reference 

1.01 (0.95-1.08) 

1.03 (0.96-1.11) 

1.08 (0.99-1.19) 

1.20 (1.08-1.34) 

 

List size 

1 

2 

3 

4 

Reference 

0.95 (0.89-1.01) 

0.95 (0.89-1.02) 

0.94 (0.89-1.00) 

Reference 

0.95 (0.89-1.01) 

0.94 (0.88-1.00) 

0.03 (0.87-0.99) 
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5 

 

0.87 (0.81-0.93) 

 

0.89 (0.83-0.95) 

Proportion of older 

population 

1 

2 

3 

4 

5 

 

Reference 

1.26 (1.16-1.36) 

1.38 (1.32-1.46) 

1.49 (1.42-1.57) 

1.58 (1.50-1.66) 

 

Reference 

1.25 (1.14-1.38) 

1.39 (1.31-1.48) 

1.53 (1.44-1.63) 

1.63 (1.52-1.74) 

Proportion of females 

1 

2 

3 

4 

5 

Reference 

1.15 (1.07-1.24) 

1.23 (1.14-1.32) 

1.25 (1.16-1.35) 

1.27 (1.17-1.37) 

Reference 

1.05 (0.97-1.14) 

1.08 (0.99-1.17) 

1.08 (0.99-1.18) 

1.09 (0.99-1.21) 

    

2.2.2. Individual Antibacterial Drugs and Subclasses 

Table 2 shows the antibacterial drugs and drug classes in order from those most strongly 

associated with socioeconomic deprivation, after adjustment. Penicillins (54.1% of total) were by far 

the most prescribed antibacterial subclass, followed by tetracyclines (15.9%), UTI drugs (12.7%), 

macrolides (10.4%), and sulfonamides (5.3%). Where significant associations exist, most of these 

demonstrate higher rates of antibacterial prescribing in the most deprived practices, with only one 

drug (clindamycin) showing lower prescribing rates in the most deprived practices [IRR 0.21; (95% 

CI 0.09-0.51)]. 

Table 2. List of all individual antibacterials analyzed, ranked from the highest to the lowest adjusted IRR. 

Drug Items prescribed Unadjusted 

IRR     95% CI 

Adjusted 

IRR     95% CI 

Tetracyclines 814,150 1.00 (0.94-1.06) 1.46 (1.32-1.61) 

Metronidazole 85,110 1.34 (1.29-1.38) 1.31 (1.25-1.37) 

Macrolides 535,340 1.01 (0.94-1.08) 1.21 (1.08-1.35) 

Phenoxymethylpenicillin 438,790 1.08 (1.02-1.14) 1.20 (1.10-1.32) 

Flucloxacillin 542,140 0.97 (0.91-1.04) 1.20 (1.06-1.36) 

Cephalosporins 162,310 1.00 (0.93-1.08) 1.19 (1.06-1.35) 

Cefaclor 162,310 1.00 (0.93-1.08) 1.19 (1.06-1.35) 

Penicillin 2,534,790 1.06 (1.00-1.20) 1.17 (1.06-1.30) 

Amoxicillin 1,514,830 1.11 (1.05-1.18) 1.17 (1.05-1.29) 

Sulfonamides 273,120 0.83 (0.74-0.93) 1.11 (0.88-1.40) 

Some Other AB 89,860 1.22 (0.97-1.53) 1.09 (0.74-1.62) 

Anti-Leprotic 67,900 0.74 (0.43-1.27) 1.06 (0.79-1.43) 

Urinary Tract Infections 650,350 0.78 (0.74-0.82) 1.05 (0.96-1.16) 

Pivmecillinam 115,720 0.83 (0.76-0.91) 1.00 (0.92-1.09) 

Anti-Tuberculosis 75,950 0.69 (0.39-1.23) 0.96 (0.68-1.36) 

Quinolones 89,430 0.82 (0.74-0.91) 0.88 (0.75-1.05) 

Clindamycin 75,030 0.48 (0.12-1.86) 0.21 (0.09-0.51) 
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3. Discussion 

Similar to previous work, we found significant associations between total antibacterial 

prescribing rate and practice characteristics, particularly with higher practice list size [21], 

deprivation [10,11,17,19,21,22], higher proportion of older population [10,17,19,21], and higher 

proportion of females [10,23]. Importantly, we considered all three of these variables simultaneously, 

and can conclude they are independently associated with prescribing. Whereas past researchers have 

reported the characteristics of prescribing practices and their population to be strong predictors of 

high antibacterial prescribing [24], the present study has shown the proportion of older populations 

to be the greatest predictor of high prescribing. In a cross-sectional study that examined the degree 

of variation in antibiotic prescribing between GP practices in England, Wang and others have 

reported practice location in the north of England to be the strongest predictor of a high prescribing 

practice [24]. Other predictors of high prescribing include, a practice population with a higher 

prevalence of chronic diseases, a greater proportion of patients of a white ethnicity, shorter 

appointments, and practices with higher proportions of GPs who were trained overseas, >45 years of 

age, and males [24]. In addition, in a systematic review and meta-analysis that investigated gender 

differences in antibacterial prescribing in primary care, Schröder and colleagues found that the 

amount of antibacterials prescribed to women was 40% higher than that prescribed for men, in the 

35 to 54 years age group [23]. The antibacterial classes that had the greatest gender differences were 

cephalosporin (44%) and macrolides (32%), which are commonly used for the treatment of 

respiratory tract infections (RTIs) [23]. Contrary to common belief, antibacterials that were commonly 

prescribed for UTIs were almost equally distributed between males and females [23]. Reasons for 

these variations may include that women had twice as many medical visits as men, inappropriate 

prescribing was more frequently associated with the female gender, and RTIs had a higher prevalence 

in females than males [23]. The variation in susceptibility to infectious diseases may be partially 

explained by genetics [25].  

One interpretation to these findings is that antibacterial consumption is found to be significantly 

associated with population income, demographic structure, density of general practitioners and their 

remuneration method [17]. Another explanation is that 69% of all antibiotic prescribing in English 

primary care could be linked to a body system or condition and, of these prescriptions, 46% were 

linked to conditions of the respiratory tract including ear, nose and throat (ENT) [26]. Leading 

conditions within this group were cough symptoms (22.7%), lower RTIs (17.9%), sore throat (16.7%), 

and upper RTIs (14.5%) [26]. UTIs accounted for 22.7% of all prescriptions, whereas skin infections 

and wounds accounted for 16.4% [26].  

Additionally, Smieszek and colleagues analyzed data from 2013-2015 recorded in the Health 

Improvement Network (THIN) database, while attempting to identify and quantify inappropriate 

systemic antibiotic prescribing in primary care in England [27]. Their results showed that 8.8% to 

23.1% of all systemic antibiotic prescriptions were inappropriate [27]. 19 Prescriptions for sore throat 

accounted for 23% of inappropriate prescribing, followed by cough (22.2%), sinusitis (7.6%), and 

acute otitis media (5.7%) [27].  

National campaigns for the reduction of inappropriate antibacterial prescribing, have been 

employed by many countries. Despite the limitations, our results suggest that area-level 

interventions, as well as national strategies, may be needed to address practice-specific health 

demands. Moreover, it may be useful to target practices in the most deprived areas in England, those 

with a higher proportion of older populations, and a higher proportion of females. If, as the present 

study suggests, antibacterial prescribing only varies by 20% between practices in the highest and the 

lowest deprivation deciles, then there is a need for research that explores antibacterial prescribing 

patterns in various GP practices, for future reductions of inappropriate prescribing. Judicious 

antibacterial prescribing can be supported by persistent practice-level policies, in primary care 

practices. 

Although previous studies support that variations in comorbidities are insufficient in providing 

an explanation for most of the variations in antibacterial prescribing, their significance lies in raising 
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a myriad of intriguing questions, for future study of practice-level factors. Hence, a more 

comprehensive understanding of the extent of factors, such as population characteristics and 

demographic structure, on antibacterial prescribing, underpins the need for more work to be done. 

Further work, investigating patient-level drivers for prescribing, while controlling for 

underlying medical and demographic factors, may only be pertinent to healthcare settings in 

England. Where these exist, probing into the causes of prescribing inequalities is needed, to recognize 

where the amelioration of AMS interventions is essential for enhancing patient outcomes. 

4. Materials and Methods 

Data Sources  

The English prescribing dataset (EPD) provides detailed records on prescriptions issued in 

England that have been dispensed across the UK. The dataset is publicly available from NHS Business 

Services Authority [website: https://www.nhsbsa.nhs.uk//] and serves as a comprehensive, 

consistent, and accessible source of prescribing information. Monthly primary care prescribing and 

dispensing data were obtained from the EPD [28]. The data were downloaded for English GP 

practices for the most recent financial year (April 2022 to March 2023 inclusive). The data include 

practice codes, names, and addresses and the British National Formulary (BNF) codes for 

antibacterial drugs [29]. Information on GP practice list size by sex and age, published quarterly, were 

retrieved from NHS digital [30]. The dataset is publicly available [website: https://digital.nhs.uk/data-

andinformation/publications/statistical/patients-registered-at-a-gp-practice] Please note that the 

publication of your manuscript implicates that you must make all materials, data, computer code, 

and protocols associated with the publication available to readers. Please disclose at the submission 

stage any restrictions on the availability of materials or information. New methods and protocols 

should be described in detail while well-established methods can be briefly described and 

appropriately cited. 

Practice-level socioeconomic deprivation was measured using Index of Multiple Deprivation 

(IMD) 2019 scores, in alignment with the NHS Core50PLUS5 approach [13]. IMD scores from the 

Office for Health Improvement and Disparities (OHID) Fingertips webpage [31] [website: 

https://fingertips.phe.org.uk/], were converted into quintiles, where quintile one represents the least 

deprived GP practices and quintile five the most deprived. The IMD 2019 integrates data from seven 

domains yielding a relative measure of deprivation, including income, employment, education and 

housing [32]. GP Practice IMD scores are a weighted average of the IMD scores of its constituent 

patients, based on their postcode of residence. 

Data Processing  

Every drug has a 15-character BNF code, that specifies drug class, dose, and route of 

administration. The first nine digits are unique for the drug, irrespective of dose or route of 

administration, whereas the first seven digits of the code, also known as a paragraph, define a drug 

class. Only antibacterial drugs and drug classes from chapter 5 from the BNF were analyzed, which 

includes all antimicrobial drugs. Monthly prescribing datasets were filtered to include only oral 

antibacterials (see Appendix 1 for a list of all included antibacterials and their BNF codes). Practice-

level prescribing data for each month were aggregated across the year to create a single annual 

prescribing dataset. Each primary care practice has a unique identification number which was used 

to link the prescribing data to practice list size, proportion of females in the practice (calculated as the 

number of females divided by the total list size), proportion of over-55s (calculated as the number of 

patients aged 55 years and over divided by the total list size) and the IMD 2019 scores. The prescribing 

rate for each GP practice was calculated by dividing the number of antibacterials prescribed over the 

number of patients in that practice and multiplied by 1000. Practices that had fewer than 100 patients 

or that had prescribed fewer than 50 items per year, were excluded as they are likely to be out-of-

hours (OOHs) or walk-in practices. 

Research manuscripts reporting large datasets that are deposited in a publicly available database 

should specify where the data have been deposited and provide the relevant accession numbers. If 
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the accession numbers have not yet been obtained at the time of submission, please state that they 

will be provided during review. They must be provided prior to publication. 

Data Analysis  

Multivariate Poisson regression was used to look for the association between prescribing rate, 

as the outcome, and GP practice IMD 2019 scores as the independent variable of interest, adjusting 

for practice list size, the proportion of females, and the proportion of over-55s in each practice. We 

considered adjusting for the prevalence of heart failure, chronic obstructive pulmonary disease 

(COPD and diabetes as additional covariates, as they are frequently associated with septicemia and 

a higher rate of antibacterial prescribing [9,33]; however, as these may increase antibacterial 

prescribing through mediating effects, adjusting for these conditions may inappropriately dilute the 

effect that deprivation has on the rate of antibacterial prescribing [34].  

Poisson regression analyses are presented as incidence rate ratios (IRR), comparing the relative 

rate of prescribing in each IMD 2019 score quintile with practices in quintile one (the least deprived 

quintile). All effect measures were given with 95% confidence intervals (CI) to 11 determine their 

statistical significance. For all other variables, quintile 1 was used as the reference group (smallest list 

size, lowest proportion of females, and the lowest proportion of older people). 

All data processing, analyses, and plots were generated using the software R (V.4.3.2) [35]. The 

R code written to perform the analyses and generate the plots, is available here on GitHub. 

5. Conclusions 

 The present research, therefore, contributes to a growing body of evidence suggesting that 

antibacterial prescribing is influenced by area-level deprivation. However, our findings provide 

evidence that practice-level characteristics, such as the demographic structure, could offer a better 

explanation for the increased prescribing rate. In terms of future research, it would be useful to 

further examine patient-level factors and regional variations in antibacterial use, to avoid inequalities 

in implementing interventions. 
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The following abbreviations are used in this manuscript: 

NHS National Health services 

AMR Antimicrobial Resistance 

WHO World Health Organization 

AMS Antimicrobial Stewardship 

GP        General Practice 

WBG      World Bank Group 
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GDP       Gross Domestic Product 

UK        United Kingdom 

NAP       National Action Plan 

UKHSA    United Kingdom Health Security Agency 

ESPAUR   English Surveillance Programme for Antimicrobial Utilization and Resistance 

IMD       Index of Multiple Deprivation 

IRR        Incidence Rate Ratio 

UTI        Urinary Tract Infection 

RTI        Respiratory Tract Infection 

THIN      The Health Improvement Network 

EPD       English Prescribing Dataset 

NHS BSA  National Health Services Business Services Authority 

BNF       British National Formulary 

OHID     Office for Health Improvement and Disparities 

OOH      Out-of-hour 

COPD     Chronic Obstructive Pulmonary Disease 

CI         Confidence Interval 
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