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ABSTRACT  

 

Introduction 

Attracting graduates was recommended as a means of diversifying the UK medical student 

population. Graduates now make up nearly a quarter of the total medical student population. 

Research to date has focused on comparing the socio-demographic characteristics of applicants to 

and/or students on traditional and graduate entry programmes (GEMs), yet GEMs account for only 

40% of the graduate medical student population.  Thus, we aimed to compare the socio-

demographic characteristic and outcomes of graduates and non-graduate applicants across a range 

of programmes.  

Methods  

This was an observational study of 117214 applicants to medicine who took the UKCAT from 2006 to 

2014, and who applied to medical school through UCAS. We included applicant demographics, 

UKCAT total score and offers in our analysis. Applicants were assigned as graduates or non-

graduates on the basis of their highest qualification. Multiple logistic regression was used to predict 

the odds of receiving an offer, after adjusting for confounders. 

Results 

Irrespective of graduate or non-graduate status, most applicants were from the highest socio-

economic groups and were from a white ethnic background. Receiving an offer was related to 

gender and ethnicity in both graduates and non-graduates. After adjusting for UKCAT score, the 

odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 (OR=0.48, 95% CI 0.46-

0.49).  

Discussion 

Our findings indicate that the aim of diversifying the medical student population on socio-economic 

grounds by attracting graduates has not been successful.  Different approaches must be considered 

if medicine is to attract and select more socially diverse applicants.   

 

249 words  
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Strength and limitations of this study: 

� A large multi-cohort study to look at the population of graduate applicants to UK medical 

schools, including those on Graduate Entry Programme (GEM) and traditional programmes. 

 

� The study uses a contemporary dataset to examine the socio-economic differences of those 

who apply to medical school; and it is important to know more about who applies, as 

medical schools can only select from the pool of applicants. 

 

 

� The study examines what socio-demographic factors are associated with receiving an offer 

to study medicine, and whether these differ in graduates and non-graduates. 

 

� Measures of socio-economic status are self-declared and there was a large proportion of 

missing socio-economic data for the graduate sub-group. 

 

 

� Allocating students to an occupational group that depends on their family circumstances 

(area, parental occupation) can be problematic, especially for mature applicants. 

 

INTRODUCTION 

Despite much activity, investment and policy directives, people from backgrounds perceived as 

disadvantaged and minority, ethnic and cultural groups, remain under-represented, or excluded 

from, medicine worldwide on the basis of, for example, their social class or ethnic origin.
1-5

 In the UK, 

the vast majority of medical students come from the highest socio-economic groups
6-9

, and more 

than 20% of medical students have attended independent (usually fee paying) schools, compared to 

an average of 7% of all school pupils.
10

  This issue was summarised concisely in a report by the 

Independent Reviewer on Social Mobility and Child Poverty: ‘Medicine . . . has a long way to go when 

it comes to making access fairer, diversifying its workforce and raising social mobility’.
10

  

In the UK, most students enter medicine as school-leavers aged 17-20 years.  In 1997, the UK 

Medical Workforce Standing Advisory Committee (MWSAC) recommended that one way of 

diversifying the medical student population was to attract graduates into medical schools.
11

  The 

assumption behind this was that, by accepting students with more life experience, the diversity of 

students and hence doctors would be increased
12-15

, and this would result in more doctors willing to 
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work in deprived and underserved areas.
16-18

 This recommendation led to the introduction (in 2000) 

of the first four-year graduate entry medical courses (GEM), as well as a more general drive to 

encourage graduates into medicine.   

Graduates now make up nearly a quarter of the contemporary UK medical student population. 
13,19

  

However, to date, there is relatively little information relating to whether, or not, attracting 

graduates has increased the diversity of medicine in the UK.   Earlier studies tend to be single-site 

and/or focused on the relative performance of graduates versus school-leaver entrants.
20-26

  In an 

exception to this, Mathers and colleagues carried out a large-scale study of applicants to 31 UK 

medical schools between 2002 and 2006 in order to determine whether the newly introduced GEM 

programmes had widened access to medicine.
6
  They concluded that graduate entry programmes do 

attract more students from less affluent backgrounds than traditional five-year programmes but 

overall GEMs had not led to significant changes to the socio-economic profile of UK medical student 

population.  It could be argued, however, that this study was undertaken too soon after the 

establishment of the first GEM programmes to assess their true impact, given the typical time lag 

between policy implementation and impact on practice in education.
27

   

Moreover, GEM programmes only account for about 10% of all medical programmes: there are more 

graduates in traditional five-year programmes than in GEM programmes.  Yet, to the best of our 

knowledge, no previous studies have looked directly at the whole population of graduate medical 

students – that is, those on both GEM and traditional programmes.   

Finally, most studies have only looked at those graduates who were successful in obtaining a place at 

medical school.
6,28

  It is also important to know more about who applies, as medical schools can only 

select from the pool of applicants.
8
  In one of the few studies looking at both applicants and 

admissions, Garrud found some differences between both applicants and admissions to graduate-

entry and traditional programmes, mostly in terms of ethnicity, but did not examine differences in 

terms of socio-economic markers.
29

   

To address these gaps in the literature we used a contemporary dataset to compare the socio-

demographic characteristics of graduates and non-graduate applicants to medicine. The main 

objective was to determine whether graduate and non-graduate applicants to medicine differ on a 

range of socio-demographic variables.  Our second aim was to examine what socio-demographic 

factors are associated with receiving an offer to study medicine, and whether these differ in 

graduates and non-graduates. 
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METHODS 

Study context 

Data were obtained from the UKCAT database which comprises data from two sources: UCAS and 

UKCAT (http://www.ukcat.ac.uk/). UKCAT is the UK Clinical Aptitude Test for applicants to medical 

and dental schools. UCAS is the Universities and Colleges Admissions Service, a UK-based 

organisation whose primary role is to operate the application process for British universities. 

Through the UCAS system (https://www.ucas.com/), candidates can apply to up to four medical 

courses out of five options in any one cycle, but there is no preference order of course choice. We 

compiled data for all candidates who sat the UKCAT between 2006 and 2014, and who applied to 

medical school through UCAS.  

The UKCAT database only holds UCAS data relating to UKCAT candidates who have applied to a 

UKCAT University.  Therefore, the data is a subset of graduate applicants to UK Universities.  A 

number of graduate entry programmes use other admission tests (both BMAT and GAMSAT).  Of the 

16 graduate entry programmes in the UK, 7 require the UKCAT, 4 require GAMSAT, and one 

programme requires a BMAT.
30

  The other four graduate entry programmes do not use any of these 

admission tests. Where UKCAT candidates have applied to non-UKCAT Universities these choices and 

the outcome of these choices are not known. 

Although individuals can have multiple applications, within and between years, the socio-

demographic variables presented in this study are per unique applicant. These variables include 

gender; ethnicity; domicile; secondary school attended, domicile (United Kingdom (UK), 

International, European Union (EU)). The socio-economic status (SES) of the candidates was 

determined by parental National Statistics Socio-Economic Classification (NS-SEC) and Index of 

Multiple Deprivation (IMD), an area-based measurement of material deprivation.  

Design and procedures 

Access to the data was via a safe haven
31

 (to ensure adherence to the highest standards of security, 

governance and confidentiality when storing, handling and analysing identifiable data). Ethical 

approval was not required because the focus of this study was a secondary analysis of anonymised 

data, and applicants had given permission for their data to be used for research purposes. Data files 

were merged into a single SPSS file for cleaning and analysis. What follows in this paper is the 

summary of UKCAT applicants for whom we managed to match at least 50% of the records.  
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The applications were assigned into two categories; graduate or non-graduate at the time of 

application. This was primarily based on applicants’ highest qualification but some amendments 

were necessary. For example, where this information was missing, we imputed the outcome variable 

based on applicants’ age and programme applied. For instance, all applicants aged less than 20 on 

their final UKCAT attempt were assumed to have applied shortly after leaving school; these were 

classified as school-leavers, or non-graduate applicants. Similarly, applicants with missing 

information on academic qualification, aged over 21 and had applied for a graduate entry 

programme were classified as ‘graduates’. The outcome measures were the UKCAT score, and 

whether the applicant received an offer or not. We also considered all conditional and unconditional 

offers as an ‘offer’.  

 

 

Statistical analysis 

All the data were analysed using SPSS (IBM SPSS Statistics for Windows Version 22.0. Armonk, NY: 

IBM Corp). The results are reported in terms of numbers, percentages and mean (standard 

deviation) or median (interquartile range) as appropriate. The UKCAT scores were normally 

distributed. Therefore we used independent-samples t-test to compare the means between two 

groups. One-way analysis of variance (ANOVA) was used to compare means between more than two 

independent groups. A binary logistic regression analysis was employed to predict the odds of 

getting an offer from an application based on an applicant’s graduate status. The specific factors we 

adjusted for in the regression models were: socio-economic status (NS-SEC and IMD), gender, 

graduate status, ethnicity and the total UKCAT score. The purpose was to assess the odds of 

receiving an offer for a graduate relative to a non-graduate after accounting for any differences in 

total UKCAT score. The analysis considered only the final application of each applicant to ensure 

independence (i.e., to control for those who made repeated applications). 
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RESULTS 

From 2006 to 2014, the UKCAT database comprises 117214 applicants to medicine, applying through 

UCAS on a total of 146146 occasions (i.e. some applied in more than one cycle and hence sat the 

UKCAT more than once). 23.6% of the applicants were graduates and 76.4% non-graduates. The 

median age for the non-graduate applicants was 18 years: 23 years for the graduate applicants.  

Table 1 summarises a comparison of graduate and non-graduate applicants by different 

sociodemographic factors. The main pattern across the two groups was that most applicants were 

from the highest socio-economic group, with nearly 80% of all applicants having a parent/guardian 

in the managerial and professional occupations. The groups were also similar in that one-fifth of the 

graduate and non-graduate applicants had attended a fee-paying (independent) school. The sample 

was predominantly of candidates from white ethnic backgrounds, for both graduates 64.3% 

(n=14014), and non-graduates 61.9% (n=47103). Around 7.7% of the graduates were classified as 

international applicants, as compared to 12.1% of the non-graduate applicants. The number of EU 

applicants was similar for both graduates (6.0%) and non-graduates (7.6%).  

 

………. Table 1 about here……….. 

 

Non-graduate applicants performed significantly better on the UKCAT (2535.4 points, SD=268.2) 

than graduate applicants (2498.5 points, SD=285.7), p<0.001. Graduates and non-graduate 

applicants from the top 20% affluent neighbourhoods (IMD ‘I’) obtained better UKCAT scores than 

applicants from the 20% most deprived areas (IMD ‘V’). The difference was approximately 200 

points for graduate applicants, and the same margin was observed in the non-graduate group. A 

similar pattern was also observed with parental occupation classification (NS-SEC) categories with 

the difference of over 100 UKCAT points between managerial and professional occupations and 

routine/semi-routine occupations.  

The proportion of applicants who received offers was substantially lower for graduates (27.7%) than 

it was for non-graduates (47.9%). Graduate applicants who received offers had significantly better 

mean UKCAT scores (2697.7 points, SD=244.39) compared to their non-graduate colleagues who 

received offers (2657.7 points, SD=235.3), p<0.001. The pre-admission attainment information 

(UKCAT scores) is summarised in Table 2. 
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………. Table 2 about here……….. 

A binary logistic regression analysis was employed to predict the odds of getting an offer based on 

the applicant’s highest qualification (graduate or not) and total UKCAT score. After adjusting for 

UKCAT score, the odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 

(OR=0.48, 95% CI 0.46-0.49).  

 

Several variables that were considered to be representative of widening participation (WP) 

backgrounds were included in univariate analyses. The multiple logistic regression analysis was 

repeated including, in addition to UKCAT and graduate status, only those variables that were 

statistically significant (p≤0.05) when associated with offer status. The specific factors were gender, 

ethnicity and socio-economic class (IMD and NS-SEC).  We also tested for interaction of these factors 

which enabled us to ask whether graduates from different socio-economic backgrounds were more 

or less likely to receive offers. The overall model performance, using Nagelkerke’s R
2
 ranged from 

0.20 to 0.23 across the models developed.  Results of the two-way interaction terms (Table 3) 

showed that after adjusting for other factors, the additional effect of socio-economic disadvantage 

for graduates (compared to graduates) was small and did not reach statistical significance (p=0.25 

for the interaction of graduate status and IMD; p=0.23 for the interaction of graduate status and 

parental occupation (NS-SEC)).  The result suggests that the association between socio-economic 

disadvantage and the likelihood of getting an offer for medical school affected graduates and non-

graduates in a similar way.  

 

….. Table 3 about here….. 

 

Figure 1 gives a graphical summary of the results from final model. In general, the odds of getting an 

offer to study medicine were lower if the applicant was male, graduate, from black and minority 

ethnic (BME) background, and from lower socioeconomic groups (NS-SEC1, and IMD ‘I’ – least 

affluent neighbourhood). Figures 2 and 3 give a graphical summary of the odds ratio after separating 

graduates and non-graduates, to help further illustrate the difference between the two groups. For 

the non-graduates, the pattern is almost the same as the combined model in that the odds of getting 

an offer were higher if the applicant was female, from white ethnic background, and from high 

socioeconomic groups (NS-SEC1, and IMD I – most affluent neighbourhood).   Some explanation for 

this pattern is because the non-graduates were in such a high proportion of the whole group. In 

comparison, for graduates, the predictor values that stand out are gender and ethnicity. However, 
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notably, nearly a quarter of graduate applicants had a missing socio-economic profile data (NS-SEC) 

which may explain why SES measures were less important predictors for graduates.  

DISCUSSION 

 

In this analysis of a large, multi-cohort contemporary dataset, we examined differences between 

graduates and non-graduate applicants to UK medical schools.  Unlike previous studies in this area, 

we compared a larger sample of graduate applicants with non-graduates, rather than comparing by 

course (traditional versus GEM).  This allowed us to capture the characteristics of a broader group of 

graduate applicants compared to earlier studies.  Our results show that graduate and non-graduate 

applicants to UK medical schools are very similar on a range of socio-demographic markers, including 

multiple markers of socio-economic status. This indicates that, even with time and much investment 

in GEM courses, the aim of diversifying the medical student population on socio-economic grounds 

by attracting graduates has not been successful.
6
    

Interestingly, unlike previous studies
29

, we did not identify any differences across graduates and 

non-graduates in terms of ethnicity.  This may represent a change in the medical student population 

overall or may be an artefact of study design given that we looked at graduates in all medical 

programmes, not just GEM programmes. 

We also looked at who received an offer.  The patterns across non-graduates and graduates were 

similar in terms of gender and ethnicity.  In non-graduates, offers to study medicine were higher if 

the applicant was from a higher socio-economic group. However, measures of socio-economic status 

are self-declared and there was a large proportion of missing socio-economic data for the graduate 

sub-group.  This reflects patterns seen in other similar studies.
32-36

  Given the high proportion of 

missing data it would be misleading to conclude that IMD and NS-SEC are weaker predictors for 

assessing the likelihood of getting an offer among graduate applicants because many graduate 

applicants were excluded from the logistic regression analysis and the missing data could also have 

led to insufficient power to detect smaller effects. Moreover, allocating students to an occupational 

group that depends on their family circumstances (area, parental occupation) can be problematic, 

especially for mature students.
37,38

  However, we had no other measures available to us: no matter 

how limited
32,34

, those used are the ‘basic units’ that indicate educational disadvantage in the UK.  

We urge organisations such as UCAS and UKCAT to explore ways of improving self-declared data 

reporting, and government bodies such as the UK’s Office for National Statistics to explore more 

effective measures of socio-economic status. 
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Overall, we found that graduates were proportionally less likely to receive an offer than non-

graduate applicants, and those graduates who were offered places had significantly higher UKCAT 

scores than their non-graduate equivalents.  We know from earlier studies
29

 and contemporary 

routine data that the average competition, or selection, ratios for GEM programmes are significantly 

higher than for traditional five-year programmes.   GEM selection processes also tend to place more 

weight on UKCAT performance than do traditional programmes typically (this is associated with 

school leaving examinations being potentially less disciminatory for graduates - who would have 

taken these exams in earlier years, when it was less common to achieve top grades
39

).  These factors 

may explain this outcome.  However, future research which compares selection ratios for non-

graduates and graduates by programme would provide a more nuanced understanding of 

differences across groups. Additionally, future studies could also look more closely at graduate and 

non-graduate patterns of performance in the various stages of medical school selection for the high 

number of graduates applying to traditional programmes. For example, we do not know whether 

graduates and non-graduates with equivalent grades and UKCAT scores are invited to interview, 

then graduates “fall down” at that stage.  These studies would address concerns in the wider 

education literature that  graduates and non-graduates are judged differently. 
40

  

The present study has various limitations that must be taken into consideration when interpreting 

findings. It was not possible to compare prior attainment across graduate and non-graduate groups 

with any confidence in this study because of the different weightings given to school and degree 

qualifications.  However, this is a tricky comparison at the best of times.  Graduates by their very 

nature have taken the school leaving exams which are typically used in medical selection to indicate 

prior attainment some years previous to their non-graduate counterparts. The issue of comparing 

“apples and pears” arises as over recent years the average A level score has progressively risen 

(“grade inflation”).
39,41,42

   

 In conclusion, the aim of diversifying the medical student population on socio-economic grounds by 

attracting graduates has not been successful.   It may be that to draw a more diverse group of 

graduates into medicine requires different selection criteria for this group, one that places 

appreciable weight on the degree qualification and other graduate attributes, such as experience 

and passion for medicine.  However, to change the selection process of graduates or indeed any 

group requires a shift towards affirmative action and/or a commitment to increase diversity.  There 

appears to be little appetite for the former in the UK even though there is some evidence from other 

contexts that students from minority populations enrich the teaching environment of a medical 

school and may be more likely to practice in underserved areas.
43-45
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      ‡ 

Sample drawn from UK domiciled applicants only�
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Figure1: Odds Ratio, Final Model 

Figure 2: Odds Ratio, Non-graduate Applicants Figure3: Odds Ratio, Graduate Applicants 
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies 

 

Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3 - 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 3 - 4 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

5 - 6 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 5 

(b) For matched studies, give matching criteria and number of exposed and unexposed n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

6 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

n/a 

Bias 9 Describe any efforts to address potential sources of bias 6 

Study size 10 Explain how the study size was arrived at 5 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

6 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 6 - 7 

(b) Describe any methods used to examine subgroups and interactions 8 

(c) Explain how missing data were addressed 6 

(d) If applicable, explain how loss to follow-up was addressed n/a 

(e) Describe any sensitivity analyses n/a 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

n/a 

  (b) Give reasons for non-participation at each stage n/a 

  (c) Consider use of a flow diagram n/a 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

8 - 9 

  (b) Indicate number of participants with missing data for each variable of interest 15 

  (c) Summarise follow-up time (eg, average and total amount) n/a 

Outcome data 15* Report numbers of outcome events or summary measures over time n/a 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

17 

  (b) Report category boundaries when continuous variables were categorized n/a 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 8 

Discussion    

Key results 18 Summarise key results with reference to study objectives 9 - 10 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

10 

Generalisability 21 Discuss the generalisability (external validity) of the study results 10 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

11 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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ABSTRACT  

 

Introduction 

Attracting graduates was recommended as a means of diversifying the UK medical student 

population. Graduates now make up nearly a quarter of the total medical student population. 

Research to date has focused on comparing the socio-demographic characteristics of applicants to 

and/or students on traditional and graduate entry programmes (GEMs), yet GEMs account for only 

40% of the graduate medical student population.  Thus, we aimed to compare the socio-

demographic characteristic and outcomes of graduates and non-graduate applicants across a range 

of programmes.  

Methods  

This was an observational study of 117214 applicants to medicine who took the UKCAT from 2006 to 

2014, and who applied to medical school through UCAS. We included applicant demographics, 

UKCAT total score and offers in our analysis. Applicants were assigned as graduates or non-

graduates on the basis of their highest qualification. Multiple logistic regression was used to predict 

the odds of receiving an offer, after adjusting for confounders. 

Results 

Irrespective of graduate or non-graduate status, most applicants were from the highest socio-

economic groups and were from a white ethnic background. Receiving an offer was related to 

gender and ethnicity in both graduates and non-graduates. After adjusting for UKCAT score, the 

odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 (OR=0.48, 95% CI 0.46-

0.49).  

Discussion 

Our findings indicate that the aim of diversifying the medical student population on socio-economic 

grounds by attracting graduates has been only marginally successful.  Different approaches must be 

considered if medicine is to attract and select more socially diverse applicants.   

 

249 words  
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Strength and limitations of this study: 

� A large multi-cohort study to look at the population of graduate applicants to UK medical 

schools, including those on Graduate Entry Programme (GEM) and traditional programmes. 

� The study uses a contemporary dataset to examine the socio-economic differences of those 

who apply to medical school; and it is important to know more about who applies, as 

medical schools can only select from the pool of applicants. 

� The study examines what socio-demographic factors are associated with receiving an offer 

to study medicine, and whether these differ in graduates and non-graduates. 

� Measures of socio-economic status are self-declared and there was a large proportion of 

missing socio-economic data for the graduate sub-group. 

� Allocating students to an occupational group that depends on their family circumstances 

(area, parental occupation) can be problematic, especially for mature applicants. 

 

INTRODUCTION 

Despite much activity, investment and policy directives, people from backgrounds perceived as 

disadvantaged and minority, ethnic and cultural groups, remain under-represented, or excluded 

from medicine worldwide on the basis of, for example, their social class or ethnic origin.
1-5

 In the UK, 

the vast majority of medical students come from the highest socio-economic groups
6-9

, and more 

than 20% of medical students have attended independent (usually fee paying) schools, compared to 

an average of 7% of all school pupils.
10

  The professions have traditionally been dominated by those 

in high socioeconomic groups and this issue was summarised concisely in a report by the 

Independent Reviewer on Social Mobility and Child Poverty: ‘Medicine . . . has a long way to go when 

it comes to making access fairer, diversifying its workforce and raising social mobility’.
10

  

In the UK, most students enter medicine as school-leavers aged 17-20 years.  In 1997, the UK 

Medical Workforce Standing Advisory Committee (MWSAC) recommended that one way of 

diversifying the medical student population was to attract graduates into medical schools.
11

  The 

assumption behind this was that, by accepting students with more life experience, the diversity of 

students and hence doctors would be increased
12-15

, and this would result in more doctors willing to 

work in deprived and underserved areas.
16-18

 This recommendation led to the introduction (in 2000) 

of the first four-year graduate entry medical courses (GEM), as well as a more general drive to 

encourage graduates into medicine.   
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Graduates now make up nearly a quarter of the contemporary UK medical student population. 
13,19

  

However, to date, there is relatively little information relating to whether, or not, attracting 

graduates has increased the diversity of medicine in the UK.   Earlier studies tend to be single-site 

and/or focused on the relative performance of graduates versus school-leaver entrants.
20-26

  In an 

exception to this, Mathers and colleagues carried out a large-scale study of applicants to 31 UK 

medical schools between 2002 and 2006 in order to determine whether the newly introduced GEM 

programmes had widened access to medicine.
6
  They concluded that graduate entry programmes do 

attract more students from less affluent backgrounds than traditional five-year programmes but 

overall GEMs had not led to significant changes to the socio-economic profile of UK medical student 

population.  It is possible, however, that this study was undertaken too soon after the establishment 

of the first GEM programmes to assess their true impact, given the typical time lag between policy 

implementation and impact on practice in education.
27

   

Moreover, GEM programmes only account for about 10% of all medical programmes: there are more 

graduates in traditional five-year programmes than in GEM programmes.  Yet, to the best of our 

knowledge, no previous studies have looked directly at the whole population of graduate medical 

students – that is, those on both GEM and traditional programmes.   

Finally, most studies have only looked at those graduates who were successful in obtaining a place at 

medical school.
6,28

  It is also important to know more about who applies, as medical schools can only 

select from the pool of applicants.
8
  In one of the few studies looking at both applicants and 

admissions, Garrud found some differences between both applicants and admissions to graduate-

entry and traditional programmes, mostly in terms of ethnicity, but did not examine differences in 

terms of socio-economic markers.
29

 This is, however, a complex area to investigate.  There are issues 

surrounding these markers in graduate students, particularly given parental occupation is taken into 

account for school leavers, but occupation for graduates and older applicants may be that of the 

applicant themselves, particularly if they have been employed after leaving school or after a first 

degree. This ambiguity also holds for area of domicile (IMD: measured by postcode) as again that 

may be of the parental home or the home of the applicant for mature students and graduates. 

However, to attempt to address these gaps in the literature we used a contemporary dataset to 

compare the socio-demographic characteristics of graduates and non-graduate applicants to 

medicine. The main objective was to determine whether graduate and non-graduate applicants to 

medicine differ on a range of socio-demographic variables.  Our second aim was to examine what 

socio-demographic factors are associated with receiving an offer to study medicine, and whether 

these differ in graduates and non-graduates. 
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METHODS 

Study context 

Data were obtained from the UKCAT database which comprises data from two sources: UCAS and 

UKCAT (http://www.ukcat.ac.uk/). UKCAT is the UK Clinical Aptitude Test for applicants to medical 

and dental schools. UCAS is the Universities and Colleges Admissions Service, a UK-based 

organisation whose primary role is to operate the application process for British universities. 

Through the UCAS system (https://www.ucas.com/), candidates can apply to up to four medical 

courses out of five options in any one cycle, but there is no preference order of course choice. We 

compiled data for all candidates who sat the UKCAT between 2006 and 2014, and who applied to 

medical school through UCAS.  

The UKCAT database only holds UCAS data relating to UKCAT candidates who have applied to a 

UKCAT University.  Therefore, the data is a subset of graduate applicants to UK Universities.  A 

number of graduate entry programmes use other admission tests (both BMAT and GAMSAT).  Of the 

16 graduate entry programmes in the UK, 7 require the UKCAT, 4 require GAMSAT, and one 

programme requires a BMAT.
30

  The other four graduate entry programmes do not use any of these 

admission tests. Where UKCAT candidates have applied to non-UKCAT Universities these choices and 

the outcome of these choices are not known. 

Although individuals can have multiple applications, within and between years, the socio-

demographic variables presented in this study are per unique applicant. These variables include 

gender; ethnicity; domicile; secondary school attended, domicile (United Kingdom (UK), 

International, European Union (EU)). The socio-economic status (SES) of the candidates was 

determined by parental National Statistics Socio-Economic Classification (NS-SEC) and Index of 

Multiple Deprivation (IMD), an area-based measurement of material deprivation.  

Design and procedures 

Access to the data was via a safe haven
31

 (to ensure adherence to the highest standards of security, 

governance and confidentiality when storing, handling and analysing identifiable data). Ethical 

approval was not required because the focus of this study was a secondary analysis of anonymised 

data. Applicants who took the UK Clinical Aptitude Test (UKCAT) were notified that their data would 

be used for research purposes. Data files were merged into a single SPSS file for cleaning and 
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analysis. The online supplementary file 1 (insert link supplementary file 1 here) illustrates a flow 

diagram showing how the data files were merged from different source documents.   

The applications were assigned into two categories; graduate or non-graduate at the time of 

application. This was primarily based on applicants’ highest qualification but some amendments 

were necessary. For example, where this information was missing, we imputed the outcome variable 

based on applicants’ age and programme applied. For instance, all applicants aged less than 20 on 

their final UKCAT attempt were assumed to have applied shortly after leaving school; these were 

classified as school-leavers, or non-graduate applicants. Similarly, applicants with missing 

information on academic qualification, aged over 21 and had applied for a graduate entry 

programme were classified as ‘graduates’. The outcome measures were the UKCAT score, and 

whether the applicant received an offer or not. We also considered all conditional and unconditional 

offers as an ‘offer’.  

 

 

Statistical analysis 

All the data were analysed using SPSS (IBM SPSS Statistics for Windows Version 22.0. Armonk, NY: 

IBM Corp). The results are reported in terms of numbers, percentages and mean (standard 

deviation) or median (interquartile range) as appropriate. The UKCAT scores were normally 

distributed. Therefore we used independent-samples t-test to compare the means between two 

groups. One-way analysis of variance (ANOVA) was used to compare means between more than two 

independent groups. A binary logistic regression analysis was employed to predict the odds of 

getting an offer from an application based on an applicant’s graduate status. The specific factors we 

adjusted for in the regression models were: socio-economic status (NS-SEC and IMD), gender, 

graduate status, ethnicity and the total UKCAT score. The purpose was to assess the odds of 

receiving an offer for a graduate relative to a non-graduate after accounting for any differences in 

total UKCAT score. The analysis considered only the final application of each applicant to ensure 

independence (i.e., to control for those who made repeated applications). 
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RESULTS 

From 2006 to 2014, the UKCAT database comprises 117214 applicants to medicine, applying through 

UCAS on a total of 146146 occasions (i.e. some applied in more than one cycle and hence sat the 

UKCAT more than once). The time-trend analysis shows that the proportion of graduate applicants 

to UK medical schools has risen from 8.5% in 2006 to 26.9% in 2013 (see supplementary file 2, time-

trend analysis) (insert link to supplementary file 2 here). While dramatic, this increase is at least in 

part due to the increase in the number of institutions joining the UKCAT consortium, and thus more 

data supply. 23.6% of the applicants were graduates and 76.4% non-graduates. In general, there 

were more female graduate applicants than male applicants.  The median age for the non-graduate 

applicants was 18 years and it was 23 years for the graduate applicants.  

Table 1 summarises a comparison of graduate and non-graduate applicants by different 

sociodemographic factors. The main pattern across the two groups was that most applicants were 

from the highest socio-economic group, with nearly 80% of all applicants having a parent/guardian 

in the managerial and professional occupations. The groups were also similar in that one-fifth of the 

graduate and non-graduate applicants had attended a fee-paying (independent) school. (However, 

note that type of school was only available for one third of graduates and so this was not included in 

the later multivariable regression analysis with other covariates due to concern about bias and a lack 

of representativeness among graduates). The sample was predominantly of candidates from white 

ethnic backgrounds, for both graduates 64.3% (n=14014), and non-graduates 61.9% (n=47103). 

Around 7.7% of the graduates were classified as international applicants, as compared to 12.1% of 

the non-graduate applicants. The number of EU applicants was similar for both graduates (6.0%) and 

non-graduates (7.6%).  

 

………. Table 1 about here……….. 

 

Non-graduate applicants performed significantly better on the UKCAT (2535.4 points, SD=268.2) 

than graduate applicants (2498.5 points, SD=285.7), p<0.001. Graduates and non-graduate 

applicants from the top 20% affluent neighbourhoods (IMD ‘I’) obtained better UKCAT scores than 

applicants from the 20% most deprived areas (IMD ‘V’). The difference was approximately 200 

points for graduate applicants, and the same margin was observed in the non-graduate group. A 

similar pattern was also observed with parental occupation classification (NS-SEC) categories with 
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the difference of over 100 UKCAT points between managerial and professional occupations and 

routine/semi-routine occupations.  

The proportion of applicants who received offers was substantially lower for graduates (27.7%) than 

it was for non-graduates (47.9%). Graduate applicants who received offers had significantly better 

mean UKCAT scores (2697.7 points, SD=244.39) compared to their non-graduate colleagues who 

received offers (2657.7 points, SD=235.3), p<0.001. The pre-admission attainment information 

(UKCAT scores) is summarised in Table 2. 

 

………. Table 2 about here……….. 

A binary logistic regression analysis was employed to predict the odds of getting an offer based on 

the applicant’s highest qualification (graduate or not) and total UKCAT score. After adjusting for 

UKCAT score alone, the odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 

(OR=0.48, 95% CI 0.46-0.49).  

 

Several variables that were considered to be representative of widening participation (WP) 

backgrounds were included in univariate analyses. The multiple logistic regression analysis was 

repeated including, in addition to UKCAT and graduate status, only those variables that were 

statistically significant (p≤0.05) when associated with offer status. The specific factors were gender, 

ethnicity and socio-economic class (IMD and NS-SEC).  We also tested for interaction of these factors 

which enabled us to ask whether graduates from different socio-economic backgrounds were more 

or less likely to receive offers. The overall model performance, using Nagelkerke’s R
2
 ranged from 

0.20 to 0.23 across the models developed.  Results of the two-way interaction terms (Table 3) 

showed that after adjusting for other factors, the additional effect of socio-economic disadvantage 

for graduates (compared to non-graduates) was small and did not reach statistical significance 

(p=0.69 for the interaction of graduate status and IMD; p=0.22 for the interaction of graduate status 

and parental occupation (NS-SEC)).  The result suggests that the association between socio-

economic disadvantage and the likelihood of getting an offer for medical school affected graduates 

and non-graduates in a similar way.  

….. Table 3 about here….. 

----insert figures 1,2,3 about here---- 

 

Figure 1 gives a graphical summary of the results from final model. In general, the odds of getting an 

offer to study medicine were lower if the applicant was male, graduate, from black and minority 
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ethnic (BME) background, and from lower socioeconomic groups (NS-SEC1, and IMD ‘I’ – least 

affluent neighbourhood). Figures 2 and 3 give a graphical summary of the odds ratio after separating 

graduates and non-graduates, to help further illustrate the difference between the two groups. For 

the non-graduates, the pattern is almost the same as the combined model in that the odds of getting 

an offer were higher if the applicant was female, from white ethnic background, and from high 

socioeconomic groups (NS-SEC1, and IMD I – most affluent neighbourhood).   Some explanation for 

this pattern is because the non-graduates were in such a high proportion of the whole group. In 

comparison, for graduates, the predictor values that stand out are gender and ethnicity. However, 

notably, nearly a quarter of graduate applicants had a missing combination of socio-economic profile 

data (NS-SEC and IMD) which may explain why SES measures were less important predictors for 

graduates.  

 

DISCUSSION 

 

In this analysis of a large, multi-cohort contemporary dataset, we examined differences between 

graduates and non-graduate applicants to UK medical schools.  Unlike previous studies in this area, 

we compared a larger sample of graduate applicants with non-graduates, rather than comparing by 

course (traditional versus GEM).  This allowed us to capture the characteristics of a broader group of 

graduate applicants compared to earlier studies.  Our results show that graduate and non-graduate 

applicants to UK medical schools are very similar on a range of socio-demographic markers, including 

multiple markers of socio-economic status. This indicates that, even with time and much investment 

in GEM courses, the aim of diversifying the medical student population on socio-economic grounds 

by attracting graduates has not been successful.
6
    

Interestingly, unlike previous studies
29

, we did not identify any differences across graduates and 

non-graduates in terms of ethnicity.  This may represent a change in the medical student population 

overall or may be an artefact of study design given that we looked at graduates in all medical 

programmes, not just GEM programmes. 

We also looked at who received an offer.  Put simple, non-graduates were twice as likely to receive 

an offer as graduates.  The patterns across non-graduates and graduates were similar in terms of 

gender and ethnicity but, in non-graduates, offers to study medicine were higher if the applicant was 

from a higher socio-economic group. However, measures of socio-economic status are self-declared 

and there was a large proportion of missing socio-economic data for the graduate sub-group.  This 

reflects patterns seen in other similar studies.
32-36

  Given the high proportion of missing data it would 
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be misleading to conclude that IMD and NS-SEC are weaker predictors for assessing the likelihood of 

getting an offer among graduate applicants because many graduate applicants were excluded from 

the logistic regression analysis and the missing data could also have led to insufficient power to 

detect smaller effects. Moreover, allocating students to an occupational group that depends on their 

family circumstances (area, parental occupation) can be problematic, especially for mature 

students.
37,38

  However, we had no other measures available to us: no matter how limited
32,34

, those 

used are the ‘basic units’ that indicate educational disadvantage in the UK.  We urge organisations 

such as UCAS and UKCAT to explore ways of improving self-declared data reporting, and government 

bodies such as the UK’s Office for National Statistics to explore more effective measures of socio-

economic status. 

Overall, we found that graduates were proportionally less likely to receive an offer than non-

graduate applicants, and those graduates who were offered places had significantly higher UKCAT 

scores than their non-graduate equivalents.  We know from earlier studies
29

 and contemporary 

routine data that the average competition, or selection, ratios for GEM programmes are significantly 

higher than for traditional five-year programmes.   Moreover, GEM selection processes also tend to 

place more weight on UKCAT performance than do traditional programmes typically (this is 

associated with school leaving examinations being potentially less disciminatory for graduates - who 

would have taken these exams in earlier years, when it was less common to achieve top grades
39

).  

These factors may explain this outcome.  However, future research which compares selection ratios 

for non-graduates and graduates by programme would provide a more nuanced understanding of 

differences across groups. Additionally, future studies could also look more closely at graduate and 

non-graduate patterns of performance in the various stages of medical school selection for the high 

number of graduates applying to traditional programmes. For example, we do not know whether 

graduates and non-graduates with equivalent grades and UKCAT scores are invited to interview, 

then graduates “fall down” at that stage.  These studies would address concerns in the wider 

education literature that graduates and non-graduates are judged differently. 
40

  

The present study has various limitations that must be taken into consideration when interpreting 

findings. It was not possible to compare prior attainment across graduate and non-graduate groups 

with any confidence in this study because of the different weightings given to school and degree 

qualifications.  However, this is a tricky comparison at the best of times (see above - graduates by 

their very nature have taken the school leaving exams which are typically used in medical selection 

to indicate prior attainment some years previous to their non-graduate counterparts). The issue of 

comparing “apples and oranges” arises as over recent years the average A level score has 

progressively risen (“grade inflation”).
39,41,42
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 In conclusion, the aim of diversifying the medical student population on socio-economic grounds by 

attracting graduates has been only marginally successful, with very minor positive trends in all areas.   

It may be that to draw a more diverse group of graduates into medicine requires different selection 

criteria for this group, one that places appreciable weight on the degree qualification and other 

graduate attributes, such as experience and passion for medicine.  However, to change the selection 

process of graduates or indeed any group requires a shift towards affirmative action and/or a 

commitment to increase diversity.  There appears to be little appetite for the former in the UK even 

though there is some evidence from other contexts that students from minority populations enrich 

the teaching environment of a medical school and may be more likely to practice in underserved 

areas.
43-45
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Figure Legends: 

Title: Odds of an application resulting in offer of a place according to selected sociodemographic characteristics,  

Figure 1: Odds Ratio, Final Model (all applicants) 

Figure 2: Odds Ratio, Non-graduate Applicants 

Figure 3: Odd Ratio, Graduate Applicants 
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UCAS Application 

i.e. UCAS application year, Domicile, School 

Type, programme type (UCAS course code)  

----------------- 

(135,749 Applicants) 

UKCAT Registration 

i.e. Gender, Ethnicity, 

Socio-economic status, 

Highest academic 

qualification, Year.  

---------------- 

(174,865 

Applicants) 

 

UKCAT Domain Scores 

i.e. Domain scores and 

total UKCAT score 

 

----------------- 

 (174,407 Applicants) 

University Decision  

i.e. University Decision (unsuccessful, 

withdrawn, Unconditional offer, 

conditional offer) 

----------------- 

(162,773 Applicants) 

 260 incomplete 

records removed 

UKCAT Source Data 

UCAS Source Data 

17,036 Applicants to dentistry 

programmes excluded from medicine 

only sample 

Final Dataset for analysis (Medicine Only) 

(117,214 Applicants) 

• 87738 (76.4%) Non-graduate applicants 

• 24255 (23.6%) Graduate applicants 

Matched Dataset 

 (174605 Applicants) 

---------------------- 

• Comprises 134,250 applicants to 

dentistry and medicine 

programmes 

• 40,355 (23.1%) unmatched  UCAS 

data i.e.  type of programme applied 
(the majority may have not applied to 

medical/dental school through UCAS 

system) 

Flow diagram showing data linkage for applicants to UKCAT consortium universities between 2006 - 2014 
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Chart 1 (group percentages) 

 

 

Chart 2 (raw figures) 

 

2006 2007 2008 2009 2010 2011 2012 2013

Female Non-graduate 51.8% 46.4% 42.1% 41.7% 41.3% 41.8% 40.0% 41.6%

Female Graduate 5.1% 10.2% 14.0% 13.9% 13.8% 13.6% 14.9% 15.2%

Male Non-graduate 39.6% 36.7% 33.4% 33.7% 34.5% 34.3% 33.8% 31.4%

Male Graduate 3.4% 6.8% 10.5% 10.8% 10.5% 10.3% 11.3% 11.7%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Applications to medicine only programmes (by  year of UKCAT test)

2006 2007 2008 2009 2010 2011 2012 2013

Female Non-graduate 6572 6535 6788 7673 7794 7823 7504 7874

Female Graduate 652 1434 2265 2564 2598 2541 2786 2882

Male Non-graduate 5022 5164 5390 6201 6521 6421 6325 5954

Male Graduate 433 952 1695 1980 1976 1917 2124 2224

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Applications to medicine only programmes by year of UKCAT sitting
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies 

 

Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3 - 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 3 - 4 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

5 - 6 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 5 

(b) For matched studies, give matching criteria and number of exposed and unexposed n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

6 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

n/a 

Bias 9 Describe any efforts to address potential sources of bias 6 

Study size 10 Explain how the study size was arrived at 5 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

6 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 6 - 7 

(b) Describe any methods used to examine subgroups and interactions 8 

(c) Explain how missing data were addressed 6 

(d) If applicable, explain how loss to follow-up was addressed n/a 

(e) Describe any sensitivity analyses n/a 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

n/a 

  (b) Give reasons for non-participation at each stage n/a 

  (c) Consider use of a flow diagram n/a 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

8 - 9 

  (b) Indicate number of participants with missing data for each variable of interest 15 

  (c) Summarise follow-up time (eg, average and total amount) n/a 

Outcome data 15* Report numbers of outcome events or summary measures over time n/a 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

17 

  (b) Report category boundaries when continuous variables were categorized n/a 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 8 

Discussion    

Key results 18 Summarise key results with reference to study objectives 9 - 10 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

10 

Generalisability 21 Discuss the generalisability (external validity) of the study results 10 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

11 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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ABSTRACT  

 

Introduction 

Attracting graduates was recommended as a means of diversifying the UK medical student 

population. Graduates now make up nearly a quarter of the total medical student population. 

Research to date has focused on comparing the socio-demographic characteristics of applicants to 

and/or students on traditional and graduate entry programmes (GEMs), yet GEMs account for only 

40% of the graduate medical student population.  Thus, we aimed to compare the socio-

demographic characteristic and outcomes of graduates and non-graduate applicants across a range 

of programmes.  

Methods  

This was an observational study of 117214 applicants to medicine who took the UKCAT from 2006 to 

2014, and who applied to medical school through UCAS. We included applicant demographics, 

UKCAT total score and offers in our analysis. Applicants were assigned as graduates or non-

graduates on the basis of their highest qualification. Multiple logistic regression was used to predict 

the odds of receiving an offer, after adjusting for confounders. 

Results 

Irrespective of graduate or non-graduate status, most applicants were from the highest socio-

economic groups and were from a white ethnic background. Receiving an offer was related to 

gender and ethnicity in both graduates and non-graduates. After adjusting for UKCAT score, the 

odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 (OR=0.48, 95% CI 0.46-

0.49).  

Discussion 

Our findings indicate that the aim of diversifying the medical student population on socio-economic 

grounds by attracting graduates has been only marginally successful.  Graduate applicants from 

widening access backgrounds are less likely than others to be offered a place at medical school. 

Different approaches must be considered if medicine is to attract and select more socially diverse 

applicants.   

 

269 words  
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Strength and limitations of this study: 

� A large multi-cohort study to look at the population of graduate applicants to UK medical 

schools, including those on Graduate Entry Programme (GEM) and traditional programmes. 

� The study uses a contemporary dataset to examine the socio-economic differences of those 

who apply to medical school; and it is important to know more about who applies, as 

medical schools can only select from the pool of applicants. 

� The study examines what socio-demographic factors are associated with receiving an offer 

to study medicine, and whether these differ in graduates and non-graduates. 

� Measures of socio-economic status are self-declared and there was a large proportion of 

missing socio-economic data for the graduate sub-group. 

� Allocating students to an occupational group that depends on their family circumstances 

(area, parental occupation) can be problematic, especially for mature applicants. 

 

INTRODUCTION 

Despite much activity, investment and policy directives, people from backgrounds perceived as 

disadvantaged and minority, ethnic and cultural groups, remain under-represented, or excluded 

from medicine worldwide on the basis of, for example, their social class or ethnic origin.
1-5

 In the UK, 

the vast majority of medical students come from the highest socio-economic groups
6-9

, and more 

than 20% of medical students have attended independent (usually fee paying) schools, compared to 

an average of 7% of all school pupils.
10

  The professions have traditionally been dominated by those 

in high socioeconomic groups and this issue was summarised concisely in a report by the 

Independent Reviewer on Social Mobility and Child Poverty: ‘Medicine . . . has a long way to go when 

it comes to making access fairer, diversifying its workforce and raising social mobility’.
10

  

In the UK, most students enter medicine as school-leavers aged 17-20 years.  In 1997, the UK 

Medical Workforce Standing Advisory Committee (MWSAC) recommended that one way of 

diversifying the medical student population was to attract graduates into medical schools.
11

  The 

assumption behind this was that, by accepting students with more life experience, the diversity of 

students and hence doctors would be increased
12-15

, and this would result in more doctors willing to 

work in deprived and underserved areas.
16-18

 This recommendation led to the introduction (in 2000) 

of the first four-year graduate entry medical courses (GEM), as well as a more general drive to 

encourage graduates into medicine.   
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Graduates now make up nearly a quarter of the contemporary UK medical student population. 
13,19

  

However, to date, there is relatively little information relating to whether, or not, attracting 

graduates has increased the diversity of medicine in the UK.   Earlier studies tend to be single-site 

and/or focused on the relative performance of graduates versus school-leaver entrants.
20-26

  In an 

exception to this, Mathers and colleagues carried out a large-scale study of applicants to 31 UK 

medical schools between 2002 and 2006 in order to determine whether the newly introduced GEM 

programmes had widened access to medicine.
6
  They concluded that graduate entry programmes do 

attract more students from less affluent backgrounds than traditional five-year programmes but 

overall GEMs had not led to significant changes to the socio-economic profile of UK medical student 

population.  It is possible, however, that this study was undertaken too soon after the establishment 

of the first GEM programmes to assess their true impact, given the typical time lag between policy 

implementation and impact on practice in education.
27

   

Moreover, GEM programmes only account for about 10% of all medical programmes: there are more 

graduates in traditional five-year programmes than in GEM programmes.  Yet, to the best of our 

knowledge, no previous studies have looked directly at the whole population of graduate medical 

students – that is, those on both GEM and traditional programmes.   

Finally, most studies have only looked at those graduates who were successful in obtaining a place at 

medical school.
6,28

  It is also important to know more about who applies, as medical schools can only 

select from the pool of applicants.
8
  In one of the few studies looking at both applicants and 

admissions, Garrud found some differences between both applicants and admissions to graduate-

entry and traditional programmes, mostly in terms of ethnicity, but did not examine differences in 

terms of socio-economic markers.
29

 This is, however, a complex area to investigate.  There are issues 

surrounding these markers in graduate students, particularly given parental occupation is taken into 

account for school leavers, but occupation for graduates and older applicants may be that of the 

applicant themselves, particularly if they have been employed after leaving school or after a first 

degree. This ambiguity also holds for area of domicile (IMD: measured by postcode) as again that 

may be of the parental home or the home of the applicant for mature students and graduates. 

However, to attempt to address these gaps in the literature we used a contemporary dataset to 

compare the socio-demographic characteristics of graduates and non-graduate applicants to 

medicine. The main objective was to determine whether graduate and non-graduate applicants to 

medicine differ on a range of socio-demographic variables.  Our second aim was to examine what 

socio-demographic factors are associated with receiving an offer to study medicine, and whether 

these differ in graduates and non-graduates. 
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METHODS 

Study context 

Data were obtained from the UKCAT database which comprises data from two sources: UCAS and 

UKCAT (http://www.ukcat.ac.uk/). UKCAT is the UK Clinical Aptitude Test for applicants to medical 

and dental schools. UCAS is the Universities and Colleges Admissions Service, a UK-based 

organisation whose primary role is to operate the application process for British universities. 

Through the UCAS system (https://www.ucas.com/), candidates can apply to up to four medical 

courses out of five options in any one cycle, but there is no preference order of course choice. We 

compiled data for all candidates who sat the UKCAT between 2006 and 2014, and who applied to 

medical school through UCAS.  

The UKCAT database only holds UCAS data relating to UKCAT candidates who have applied to a 

UKCAT University.  Therefore, the data is a subset of graduate applicants to UK Universities.  A 

number of graduate entry programmes use other admission tests (both BMAT and GAMSAT).  Of the 

16 graduate entry programmes in the UK, 7 require the UKCAT, 4 require GAMSAT, and one 

programme requires a BMAT.
30

  The other four graduate entry programmes do not use any of these 

admission tests. Where UKCAT candidates have applied to non-UKCAT Universities these choices and 

the outcome of these choices are not known. 

Although individuals can have multiple applications, within and between years, the socio-

demographic variables presented in this study are per unique applicant. These variables include 

gender; ethnicity; domicile; secondary school attended, domicile (United Kingdom (UK), 

International, European Union (EU)). The socio-economic status (SES) of the candidates was 

determined by parental National Statistics Socio-Economic Classification (NS-SEC) and Index of 

Multiple Deprivation (IMD), an area-based measurement of material deprivation.  

Design and procedures 

Access to the data was via a safe haven
31

 (to ensure adherence to the highest standards of security, 

governance and confidentiality when storing, handling and analysing identifiable data). Ethical 

approval was not required because the focus of this study was a secondary analysis of anonymised 

data. Applicants who took the UK Clinical Aptitude Test (UKCAT) were notified that their data would 

be used for research purposes. Data files were merged into a single SPSS file for cleaning and 
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analysis. The online supplementary file 1 (insert link supplementary file 1 here) illustrates a flow 

diagram showing how the data files were merged from different source documents.   

The applications were assigned into two categories; graduate or non-graduate at the time of 

application. This was primarily based on applicants’ highest qualification but some amendments 

were necessary. For example, where this information was missing, we imputed the outcome variable 

based on applicants’ age and programme applied. For instance, all applicants aged less than 20 on 

their final UKCAT attempt were assumed to have applied shortly after leaving school; these were 

classified as school-leavers, or non-graduate applicants. Similarly, applicants with missing 

information on academic qualification, aged over 21 and had applied for a graduate entry 

programme were classified as ‘graduates’. The outcome measures were the UKCAT score, and 

whether the applicant received an offer or not. We also considered all conditional and unconditional 

offers as an ‘offer’.  

 

 

Statistical analysis 

All the data were analysed using SPSS (IBM SPSS Statistics for Windows Version 22.0. Armonk, NY: 

IBM Corp). The results are reported in terms of numbers, percentages and mean (standard 

deviation) or median (interquartile range) as appropriate. The UKCAT scores were normally 

distributed. Therefore we used independent-samples t-test to compare the means between two 

groups. One-way analysis of variance (ANOVA) was used to compare means between more than two 

independent groups. A binary logistic regression analysis was employed to predict the odds of 

getting an offer from an application based on an applicant’s graduate status. The specific factors we 

adjusted for in the regression models were: socio-economic status (NS-SEC and IMD), gender, 

graduate status, ethnicity and the total UKCAT score. The purpose was to assess the odds of 

receiving an offer for a graduate relative to a non-graduate after accounting for any differences in 

total UKCAT score. The analysis considered only the final application of each applicant to ensure 

independence (i.e., to control for those who made repeated applications). 
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RESULTS 

From 2006 to 2014, the UKCAT database comprises 117214 applicants to medicine, applying through 

UCAS on a total of 146146 occasions (i.e. some applied in more than one cycle and hence sat the 

UKCAT more than once). The time-trend analysis shows that the proportion of graduate applicants 

to UK medical schools has risen from 8.5% in 2006 to 26.9% in 2013 (see supplementary file 2, time-

trend analysis) (insert link to supplementary file 2 here). While dramatic, this increase is at least in 

part due to the increase in the number of institutions joining the UKCAT consortium, and thus more 

data supply. 23.6% of the applicants were graduates and 76.4% non-graduates. In general, there 

were more female graduate applicants than male applicants.  The median age for the non-graduate 

applicants was 18 years and it was 23 years for the graduate applicants.  

Table 1 summarises a comparison of graduate and non-graduate applicants by different 

sociodemographic factors. The main pattern across the two groups was that most applicants were 

from the highest socio-economic group, with nearly 80% of all applicants having a parent/guardian 

in the managerial and professional occupations. The groups were also similar in that one-fifth of the 

graduate and non-graduate applicants had attended a fee-paying (independent) school. (However, 

note that type of school was only available for one third of graduates and so this was not included in 

the later multivariable regression analysis with other covariates due to concern about bias and a lack 

of representativeness among graduates). The sample was predominantly of candidates from white 

ethnic backgrounds, for both graduates 64.3% (n=14014), and non-graduates 61.9% (n=47103). 

Around 7.7% of the graduates were classified as international applicants, as compared to 12.1% of 

the non-graduate applicants. The number of EU applicants was similar for both graduates (6.0%) and 

non-graduates (7.6%).  

 

………. Table 1 about here……….. 

 

Non-graduate applicants performed significantly better on the UKCAT (2535.4 points, SD=268.2) 

than graduate applicants (2498.5 points, SD=285.7), p<0.001. Graduates and non-graduate 

applicants from the top 20% affluent neighbourhoods (IMD ‘I’) obtained better UKCAT scores than 

applicants from the 20% most deprived areas (IMD ‘V’). The difference was approximately 200 

points for graduate applicants, and the same margin was observed in the non-graduate group. A 

similar pattern was also observed with parental occupation classification (NS-SEC) categories with 
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the difference of over 100 UKCAT points between managerial and professional occupations and 

routine/semi-routine occupations.  

The proportion of applicants who received offers was substantially lower for graduates (27.7%) than 

it was for non-graduates (47.9%). Graduate applicants who received offers had significantly better 

mean UKCAT scores (2697.7 points, SD=244.39) compared to their non-graduate colleagues who 

received offers (2657.7 points, SD=235.3), p<0.001. The pre-admission attainment information 

(UKCAT scores) is summarised in Table 2. 

 

………. Table 2 about here……….. 

A binary logistic regression analysis was employed to predict the odds of getting an offer based on 

the applicant’s highest qualification (graduate or not) and total UKCAT score. After adjusting for 

UKCAT score alone, the odds ratio of an offer for graduates vs. non-graduates was approximately 0.5 

(OR=0.48, 95% CI 0.46-0.49).  

 

Several variables that were considered to be representative of widening participation (WP) 

backgrounds were included in univariate analyses. The multiple logistic regression analysis was 

repeated including, in addition to UKCAT and graduate status, only those variables that were 

statistically significant (p≤0.05) when associated with offer status. The specific factors were gender, 

ethnicity and socio-economic class (IMD and NS-SEC).  We also tested for interaction of these factors 

which enabled us to ask whether graduates from different socio-economic backgrounds were more 

or less likely to receive offers. The overall model performance, using Nagelkerke’s R
2
 ranged from 

0.20 to 0.23 across the models developed.  Results of the two-way interaction terms (Table 3) 

showed that after adjusting for other factors, the additional effect of socio-economic disadvantage 

for graduates (compared to non-graduates) was small and did not reach statistical significance 

(p=0.69 for the interaction of graduate status and IMD; p=0.22 for the interaction of graduate status 

and parental occupation (NS-SEC)).  The result suggests that the association between socio-

economic disadvantage and the likelihood of getting an offer for medical school affected graduates 

and non-graduates in a similar way.  

….. Table 3 about here….. 

----insert figures 1,2,3 about here---- 

 

Figure 1 gives a graphical summary of the results from final model. In general, the odds of getting an 

offer to study medicine were lower if the applicant was male, graduate, from black and minority 
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ethnic (BME) background, and from lower socioeconomic groups (NS-SEC1, and IMD ‘I’ – least 

affluent neighbourhood). Figures 2 and 3 give a graphical summary of the odds ratio after separating 

graduates and non-graduates, to help further illustrate the difference between the two groups. For 

the non-graduates, the pattern is almost the same as the combined model in that the odds of getting 

an offer were higher if the applicant was female, from white ethnic background, and from high 

socioeconomic groups (NS-SEC1, and IMD I – most affluent neighbourhood).   Some explanation for 

this pattern is because the non-graduates were in such a high proportion of the whole group. In 

comparison, for graduates, the predictor values that stand out are gender and ethnicity. However, 

notably, nearly a quarter of graduate applicants had a missing combination of socio-economic profile 

data (NS-SEC and IMD) which may explain why SES measures were less important predictors for 

graduates.  

 

DISCUSSION 

 

In this analysis of a large, multi-cohort contemporary dataset, we examined differences between 

graduates and non-graduate applicants to UK medical schools.  Unlike previous studies in this area, 

we compared a larger sample of graduate applicants with non-graduates, rather than comparing by 

course (traditional versus GEM).  This allowed us to capture the characteristics of a broader group of 

graduate applicants compared to earlier studies.  Our results show that graduate and non-graduate 

applicants to UK medical schools are very similar on a range of socio-demographic markers, including 

multiple markers of socio-economic status. This indicates that, even with time and much investment 

in GEM courses, the aim of diversifying the medical student population on socio-economic grounds 

by attracting graduates has not been successful.
6
    

Interestingly, unlike previous studies
29

, we did not identify any differences across graduates and 

non-graduates in terms of ethnicity.  This may represent a change in the medical student population 

overall or may be an artefact of study design given that we looked at graduates in all medical 

programmes, not just GEM programmes. 

We also looked at who received an offer.  Put simple, non-graduates were twice as likely to receive 

an offer as graduates.  The patterns across non-graduates and graduates were similar in terms of 

gender and ethnicity but, in non-graduates, offers to study medicine were higher if the applicant was 

from a higher socio-economic group. However, measures of socio-economic status are self-declared 

and there was a large proportion of missing socio-economic data for the graduate sub-group.  This 

reflects patterns seen in other similar studies.
32-36

  Given the high proportion of missing data it would 
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be misleading to conclude that IMD and NS-SEC are weaker predictors for assessing the likelihood of 

getting an offer among graduate applicants because many graduate applicants were excluded from 

the logistic regression analysis and the missing data could also have led to insufficient power to 

detect smaller effects. Moreover, allocating students to an occupational group that depends on their 

family circumstances (area, parental occupation) can be problematic, especially for mature 

students.
37,38

  However, we had no other measures available to us: no matter how limited
32,34

, those 

used are the ‘basic units’ that indicate educational disadvantage in the UK.  We urge organisations 

such as UCAS and UKCAT to explore ways of improving self-declared data reporting, and government 

bodies such as the UK’s Office for National Statistics to explore more effective measures of socio-

economic status. 

Overall, we found that graduates were proportionally less likely to receive an offer than non-

graduate applicants, and those graduates who were offered places had significantly higher UKCAT 

scores than their non-graduate equivalents.  We know from earlier studies
29

 and contemporary 

routine data that the average competition, or selection, ratios for GEM programmes are significantly 

higher than for traditional five-year programmes.   Moreover, GEM selection processes also tend to 

place more weight on UKCAT performance than do traditional programmes typically (this is 

associated with school leaving examinations being potentially less disciminatory for graduates - who 

would have taken these exams in earlier years, when it was less common to achieve top grades
39

).  

These factors may explain this outcome.  However, future research which compares selection ratios 

for non-graduates and graduates by programme would provide a more nuanced understanding of 

differences across groups. Additionally, future studies could also look more closely at graduate and 

non-graduate patterns of performance in the various stages of medical school selection for the high 

number of graduates applying to traditional programmes. For example, we do not know whether 

graduates and non-graduates with equivalent grades and UKCAT scores are invited to interview, 

then graduates “fall down” at that stage.  These studies would address concerns in the wider 

education literature that graduates and non-graduates are judged differently. 
40

  

The present study has various limitations that must be taken into consideration when interpreting 

findings. It was not possible to compare prior attainment across graduate and non-graduate groups 

with any confidence in this study because of the different weightings given to school and degree 

qualifications.  However, this is a tricky comparison at the best of times (see above - graduates by 

their very nature have taken the school leaving exams which are typically used in medical selection 

to indicate prior attainment some years previous to their non-graduate counterparts). The issue of 

comparing “apples and oranges” arises as over recent years the average A level score has 

progressively risen (“grade inflation”).
39,41,42
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 In conclusion, the aim of diversifying the medical student population on socio-economic grounds by 

attracting graduates has been only marginally successful, with very minor positive trends in all areas.   

It may be that to draw a more diverse group of graduates into medicine requires different selection 

criteria for this group, one that places appreciable weight on the degree qualification and other 

graduate attributes, such as experience and passion for medicine.  However, to change the selection 

process of graduates or indeed any group requires a shift towards affirmative action and/or a 

commitment to increase diversity.  There appears to be little appetite for the former in the UK even 

though there is some evidence from other contexts that students from minority populations enrich 

the teaching environment of a medical school and may be more likely to practice in underserved 

areas.
43-45
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Figure Legends: 

Title: Odds of an application resulting in offer of a place according to selected sociodemographic characteristics,  

Figure 1: Odds Ratio, Final Model (all applicants) 

Figure 2: Odds Ratio, Non-graduate Applicants 

Figure 3: Odd Ratio, Graduate Applicants 

Page 19 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48



For peer review
 only

��

�

�

����������

�

	
���
������

����

�������

�

�

Page 20 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



For peer review
 only

��

�

�

����������

�

�	
��
������		����		�������

�

�

Page 21 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



For peer review
 only

��

�

�

����������

�

	
��
�������

����

�������

�

�

Page 22 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60



For peer review
 only

 

UCAS Application 

i.e. UCAS application year, Domicile, School 

Type, programme type (UCAS course code)  

----------------- 

(135,749 Applicants) 

UKCAT Registration 

i.e. Gender, Ethnicity, 

Socio-economic status, 

Highest academic 

qualification, Year.  

---------------- 

(174,865 

Applicants) 

 

UKCAT Domain Scores 

i.e. Domain scores and 

total UKCAT score 

 

----------------- 

 (174,407 Applicants) 

University Decision  

i.e. University Decision (unsuccessful, 

withdrawn, Unconditional offer, 

conditional offer) 

----------------- 

(162,773 Applicants) 

 260 incomplete 

records removed 

UKCAT Source Data 

UCAS Source Data 

17,036 Applicants to dentistry 

programmes excluded from medicine 

only sample 

Final Dataset for analysis (Medicine Only) 

(117,214 Applicants) 

• 87738 (76.4%) Non-graduate applicants 

• 24255 (23.6%) Graduate applicants 

Matched Dataset 

 (174605 Applicants) 

---------------------- 

• Comprises 134,250 applicants to 

dentistry and medicine 

programmes 

• 40,355 (23.1%) unmatched  UCAS 

data i.e.  type of programme applied 
(the majority may have not applied to 

medical/dental school through UCAS 

system) 

Flow diagram showing data linkage for applicants to UKCAT consortium universities between 2006 - 2014 
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Chart 1 (group percentages) 

 

 

Chart 2 (raw figures) 

 

2006 2007 2008 2009 2010 2011 2012 2013

Female Non-graduate 51.8% 46.4% 42.1% 41.7% 41.3% 41.8% 40.0% 41.6%

Female Graduate 5.1% 10.2% 14.0% 13.9% 13.8% 13.6% 14.9% 15.2%

Male Non-graduate 39.6% 36.7% 33.4% 33.7% 34.5% 34.3% 33.8% 31.4%

Male Graduate 3.4% 6.8% 10.5% 10.8% 10.5% 10.3% 11.3% 11.7%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Applications to medicine only programmes (by  year of UKCAT test)

2006 2007 2008 2009 2010 2011 2012 2013

Female Non-graduate 6572 6535 6788 7673 7794 7823 7504 7874

Female Graduate 652 1434 2265 2564 2598 2541 2786 2882

Male Non-graduate 5022 5164 5390 6201 6521 6421 6325 5954

Male Graduate 433 952 1695 1980 1976 1917 2124 2224

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Applications to medicine only programmes by year of UKCAT sitting
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies 

 

Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3 - 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 3 - 4 

Methods  

Study design 4 Present key elements of study design early in the paper 5 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

5 - 6 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 5 

(b) For matched studies, give matching criteria and number of exposed and unexposed n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

6 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

n/a 

Bias 9 Describe any efforts to address potential sources of bias 6 

Study size 10 Explain how the study size was arrived at 5 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

6 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 6 - 7 

(b) Describe any methods used to examine subgroups and interactions 8 

(c) Explain how missing data were addressed 6 

(d) If applicable, explain how loss to follow-up was addressed n/a 

(e) Describe any sensitivity analyses n/a 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

n/a 

  (b) Give reasons for non-participation at each stage n/a 

  (c) Consider use of a flow diagram n/a 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

8 - 9 

  (b) Indicate number of participants with missing data for each variable of interest 15 

  (c) Summarise follow-up time (eg, average and total amount) n/a 

Outcome data 15* Report numbers of outcome events or summary measures over time n/a 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

17 

  (b) Report category boundaries when continuous variables were categorized n/a 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 8 

Discussion    

Key results 18 Summarise key results with reference to study objectives 9 - 10 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

10 

Generalisability 21 Discuss the generalisability (external validity) of the study results 10 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

11 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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