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Abstract 

Objective: to quantify the protective effect on health associated with study of a clinical medicine degree. 

Design: Prospective population based cohort data collected at census and linked over time study: cohort 
born before 1975 and survived to 2011, Subgroup analysis on those who reported having a degree at 
1991 census. 

Setting: England and Wales population based including institutions.

Participants: 131,433 men 148,704 women. 13,391 men with degrees 8,143 women with degrees. 

Main outcome measure: self-reported general health in 2011 based on logistic regression analysis. 

Results: Male graduates had 86% higher odds of having good health than non-graduates after 
adjustment for age and socio-economic position (confidence intervals 1.77-1.97). Female graduates had 
72% higher odds of having good health than non-graduates after adjustment for age and socio-
economic position (confidence intervals 1.61-1.84).

Male clinical medicine graduates had 32% lower odds of having poor health than male humanities 
graduates after adjustment for age and socio-economic position (confidence intervals 0.52--0.90). Male 
social sciences graduates also had higher odds of having good health than male humanities graduates 
after adjustment for age and socio-economic position, but life sciences and physical science graduates 
did not. There were no significant differences by degree subject for women. 

Conclusions: Male graduates in clinical medicine have lower odds of poor self-reported health. 
Knowledge of medicine may confer a health advantage for men above that of other degrees.

Strengths and Limitations of this Study

Large sample size (total N > 1 000 000). This is by far the largest nationally representative longitudinal 
dataset in the UK.

Length of follow-up available (40 years, 1971–2011 for main census data) with life events for ONS 
Longitudinal Study members available until about 2 years before the current year of analysis. 

The high tracing rates contribute to the high linkage rate of LS members from census to census (88% 
2001 to 2011).

No behavioural data.

Census is every 10 years, so updates are limited.

Page 3 of 12

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

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041224 on 18 M

arch 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

Introduction

Several studies have shown the health benefits of education and the gradient in this. Education to 
degree level confers a greater health advantage. 

Freedman and Martin1 found that education level accounted for declines in functional limitations among 
older Americans from 1984 to 1993, and high school graduate education was the most important in 
accounting for recent trends of the eight demographic and socioeconomic variables they considered.

Elo and Preston2 found proportionate reductions in mortality for each one-year increase in schooling in 
the United States at ages 35-54 comparable to those estimated for a number of European countries by 
Valkonen3. The main difference they found between the United States and Europe was that in the U.S. 
mortality reduction with years of schooling was quite similar for both men and women, while in a 
number of European countries male mortality was more greatly reduced than female mortality with 
educational attainment.

Walseman et al4 had explored if later life qualifications benefited health. Among respondents with no 
degree, a high school diploma, or a post–high school certificate at 25 years of age, attaining at least a 
bachelor’s degree by midlife was associated with fewer depressive symptoms and better self-rated 
health at midlife compared with respondents who did not attain a higher degree by midlife.

Rogers et al5 showed that educational degrees were associated with reduced mortality risk in three 
cohorts of U.S adults aged 25 and above in 1997–2002 though they showed more marked gender 
differences, with associations not significant in older women and were weaker in women than in men. 
Among males in all cohort groups, there were gradients by educational degree level in the risk of death. 
The overall educational degree gradient was evident in all cohorts of women, although the mortality 
advantages for those with postsecondary degrees are generally not as pronounced among women as 
among men.

More recently Buckles6 found that college (university) education among white men born between 1942 
and 1953 in the US was associated with lower mortality and higher earning, but also with higher levels 
of health insurance offering a pathway to better health outcomes in the US but not in the UK, but also 
greater reductions in smoking and higher levels of physical activity. 

We highlight the role of education for several reasons. First, education is strongly associated with many 
health- related behaviours over the life cycle, which frequently are not measured directly in nationally 
representative surveys and administrative data. Further, unlike some other measures of socioeconomic 
status such as occupation and income, educational qualification data are straightforward to report, and 
are generally fixed for each individual relatively early in life. In addition, Higher Education participation 
in UK increased from 3.4% in 1950, to 8.4% in 1970, to 19.3% in 1990. 7 

There has also been considerable work looking at the earnings returns to different degree subjects,8-9 
and also work looking at the wider returns to attending higher education, including the health 
outcomes.10-11 However, there has been very little investigation in the health returns by different degree 
subjects. The UK government is increasingly focussed on the returns to different degrees as government 
subsidies of different subject areas has increased significantly;12 understanding these wider returns is 
therefore highly important.
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The research looks at the health outcomes of adults by which degree they studied. Self-rated health 
correlates strongly with clinical assessments of morbidity and subsequent mortality. The hypothesis was 
that clinical medicine would confer health advantage. Graduates in humanities have lower salaries and 
lower employment rates in the UK than graduates in medicine and science (ONS, 2013)13 yet there are 
no studies of how this related to health outcomes. This is the first study to consider the health benefits 
of studying different degree subjects. 

We hypothesise that clinical medicine graduates will have lower odds of poor self-reported health.

Methods

The ONS Longitudinal Study (LS) comprises people born on one of four selected dates of birth and so 
makes up about 1% of the total population in England and Wales – that data is linked for five successive 
censuses starting at 1971; new LS members enter the study through birth and immigration and existing 
members leave through death and emigration, but their data is retained14. The LS is representative of 
the whole population of England and Wales, including those in non-private households. The LS is 
minimal bias due to non-response or attrition, as census coverage is good and rates of linkage high. The 
high tracing rates contribute to the high linkage rate of LS-members from census to census (88% 2001 to 
2011).15 Response rates to the 2011 Census were very high relative to other national censuses and 
sample surveys and cohort and panel studies at 94%.16

Adults with post age 18 qualifications were asked the titles, subjects, awarding institutions and year. The 
1991 graduates include anyone with a degree prior to the 1991 Census. We have restricted this sample 
to those born before 1975 and survived to 2011 Census. The qualifications were grouped as part of 
Census data process in 1991 by ONS into 111 subjects. The authors grouped 110 subject areas into four 
2021 REF main panel subject areas: A (Life Sciences); B (Physical Sciences); C (Social Sciences); D 
(Humanities); with clinical medicine removed for the basis of this analysis from life sciences and coded 
as a separate category.17 The vast majority of graduates had one degree only. However, a small 
proportion had multiple degrees and of these a small number of people were recoded as having a 
degree in clinical medicine based on later qualifications. 

Work status variables were collected at the 2011 Census and used to adjust for a proxy for income as 
this is not collected in the Census. Respondents completed a tick box of options used to determine their 
participation in paid work the labour market in the week preceding each census. Working status in 2011 
with those respondents considered to be ‘in work’ (this included working, on temporary sick leave, 
maternity leave, holiday or about to take up a job) with occupational social class based on the National 
Statistics Socio-economic classification (NS-SEC) with eight categories was used as risk factor for 
analysis. The categories were: Higher managerial, administrative and professional occupations; Lower 
managerial, administrative and professional occupations; Intermediate occupations; Small employers 
and own account workers; Lower supervisory and technical occupations; Semi-routine occupations; 
Routine occupations; Never worked and long-term unemployed (with missing added).

Demographic and socioeconomic indicators in 2011 were included as potential covariates. Demographic 
variables included age and age-squared. The results are presented separately by sex. 
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Respondents were asked about self-rated health ‘over the last 12 months: would you say your health 
has on the whole been: good, fairly good or not good?’ The outcome measure was good health 
compared to poor (fairly good and not good health combined).  

Patient and Public Involvement

This research was done without patient involvement. Patients were not invited to comment on the 
study design and were not consulted to develop patient relevant outcomes or interpret the results. 
Patients were not invited to contribute to the writing or editing of this document for readability or 
accuracy.

Results

Table 1 Sample characteristics 

Cohort born before 1976 
and survived until 2011 
Census Completion

NS-SEC

1. Higher 
occupations

2. Intermediate 
occupations

3. Lower 
occupations/none

% 1. Higher 
occupations

Mean 
Age

Men
D (Humanities) 573 960 273 32 60
A (Life Sciences) 701 408 120 57 60
B (Physical Sciences) 2853 1837 607 54 61
C (Social Sciences) 2212 1758 479 50 61
Clinical medicine 526 26 15 93 64
Missing degree subject 18 14 11 42 60
Women
D (Humanities) 463 1877 398 17 58
A (Life Sciences) 478 540 99 43 57
B (Physical Sciences) 302 519 85 33 56
C (Social Sciences) 844 1882 300 28 56
Clinical medicine 278 26 11 88 61
Missing degree subject supressed supressed supressed supressed 53

Data Source ONS LS; analysis author’s own

Table 2 Odds of having good health in 2011 by degree status in 1991. Cohort born before 1975.

Men Women
OR p-value Confidence Interval OR p-value Confidence Interval

Has no degree in 
1991 1.00 1.00
Has a degree in 1991 1.86 <0.001 1.77 1.97 1.72 <0.001 1.61 1.84

Adjusted for Age, Age-squared and socio-economic status (NS-SEC)
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Data Source ONS LS; analysis author’s own 

Table 3 Odds of having poor health in 2011 by degree attained by 1991 Cohort born before 1975.

Subject grouped 2021 REF Panel classes (A-C) compared to Humanities (D)

Men Women
Subject OR p-value Confidence Interval OR p-value Confidence Interval
D (Humanities) 1.00 1.00
A (Life Sciences) 0.81 0.088 0.64 1.03 0.84 0.248 0.62 1.13
B (Physical 
Sciences) 0.85 0.055 0.71 1.00 1.06 0.707 0.77 1.47
C (Social Sciences) 0.84 0.049 0.71 1.00 0.90 0.351 0.72 1.12
Clinical medicine 0.68 0.007 0.52 0.90 0.82 0.395 0.52 1.29
Missing degree 
subject 0.83 0.658 0.36 1.91 2.07 0.254 0.59 7.24

Adjusted for Age, Age-squared and socio-economic status (NS-SEC)

Data Source ONS LS; analysis author’s own 

The majority of clinical medicine graduates (93% of men and 88% of women) are employed in higher 
occupational classifications. This is compared with 32% of male graduates in humanities graduates and 
17% of female (Table 1). The mean age of female graduates is lower than that of male by 2-7 years 
depending on degree subject (Table 1).

Male graduates had 86% higher odds of having good health than male non-graduates after adjustment 
for age and socio-economic position (confidence intervals 1.77-1.97). Female graduates had 72% higher 
odds of having good health than female non-graduates after adjustment for age and socio-economic 
position (confidence intervals 1.61-1.84) (Table 2).

Male clinical medicine graduates had 32% lower odds of having poor health than humanities graduates 
after adjustment for age and socio-economic position (confidence intervals 0.52-0.90). Male social 
sciences graduates also had lower odds of having poor health than humanities graduates after 
adjustment for age and socio-economic position but these were marginally significant, but life sciences 
and physical science graduates did not. There were no significant differences by degree subject for 
women (Table 3). 

Conclusions: Male graduates in clinical medicine have lower odds of poor self-reported health. 
Knowledge of medicine may confer a health advantage for men above that of other degrees. Both in 
that the study of medicine may inform personal health behaviour decisions and earlier diagnosis 
through skills in research of clinical information and from knowing other experts in the medical field. 
Financial benefits of studying medicine have also been cited. Ross and Wu18 found that fulfilling work 
and high income were very important in explaining the education-health link. As we found in previous 
work8 medicine is one of the degree subjects which increases earnings the most - not only much more 
than the humanities and social science degrees, but also more than other sciences, and hence this could 
explain some of its strong positive impact of health. The census does not however collect details of 
income. The vast majority of clinical medicine graduates are employed in higher occupations. 
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Why these benefits were only experienced by men might be explained by higher salaries of male 
clinicians or by the benefits of health-related knowledge mediating the gender differentials in poorer 
health behaviours. There may also be selection bias, with men being more likely admitted to medical 
school and more likely to pursue a career in science generally than women, with men more likely to get 
employment and stay in a medical professions than women, and with men’s careers less likely to be 
affected by family and childbearing responsibilities (though as this study looks at education rather than 
occupation the latter may be less of an issue). The mean age of the women in the sample is slightly 
younger than the men. Cutler and Lleras-Muney19 found that specific factual knowledge, e.g. on the 
harms of smoking and drinking, accounts for around 10% of the education gradient in health behaviours. 
We would obviously expect this specific factual knowledge to be highest for clinical medicine graduates. 
This could be further investigated by studying other graduates with health-related qualifications. The 
Medical Schools Selection Alliance details a minimum of three A levels (post-16) with qualifications 
usually in lab based sciences and often a third science subject for application to study medicine in the 
UK.20 There are no post-16 academic subjects explicitly covering human health other than vocational 
and technical qualifications in Health and Social Care,21 with Human Biology A level phased out in 2017.22 

Personal, social, health and economic education (PSHE) is a non-statutory subject on the English school 
curriculum in maintained schools and academies to age 16, though all state schools should make 
provision for its teaching.23 Whether a compulsory GCSE and optional A level in a health related 
discipline would improve the population’s health remains open for debate and to persuade medical 
schools whether this would form part of a suitable suite of qualifications with which to apply to medical 
school would also be challenging. This study has looked at graduates of medicine rather than those 
practising medicine. It is beyond the scope of the paper to look at how these outcomes may differ for 
those who study medicine but are employed in other fields though this is a potential area for future 
research, and gender may play an interesting role here.  

CeLSIUS is supported by the ESRC (Award Ref: ES/R00823X/1) and therefore their service is free to 
academic and public sector researchers in most circumstances. This work contains statistical data from 
ONS which is Crown Copyright. The use of the ONS statistical data in this work does not imply the 
endorsement of the ONS in relation to the interpretation or analysis of the statistical data. This work 
uses research datasets which may not exactly reproduce National Statistics aggregates. Data is available 
to approved researchers. 
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Quantitative 
variables

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 
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(a) Describe all statistical methods, including those used to control for confounding 5
(b) Describe any methods used to examine subgroups and interactions 5
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
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Statistical 
methods
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(e) Describe any sensitivity analyses

Results
(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
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(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders
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(b) Indicate number of participants with missing data for each variable of interest 6

Descriptive data 14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 6
Cohort study—Report numbers of outcome events or summary measures over time 6
Case-control study—Report numbers in each exposure category, or summary measures of exposure 6

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures
(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
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(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time 
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Generalisability 21 Discuss the generalisability (external validity) of the study results 7-8

Other information
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Abstract 

Objective: to quantify the protective effect on health associated with study of a clinical medicine degree. 

Design: Prospective population based cohort data collected at census and linked over time study: cohort 
born before 1976 and survived to 2011, Subgroup analysis on those who reported having a degree at 
1991 census. 

Setting: England and Wales population based including institutions.

Participants: 159,116men 174,062women. 13,390 men with degrees 8,143 women with degrees. 

Main outcome measure: self-reported general health in 2011 based on logistic regression analysis. 

Results: Male graduates had 92% higher odds of having good or very good health than male non-
graduates after adjustment for age and socio-economic position (confidence intervals 1.82-2.03). 
Female graduates had 72% higher odds of having good or very good health than female non-graduates 
after adjustment for age and socio-economic position (confidence intervals 1.73-1.84).

Male clinical medicine graduates had 45% higher odds of having good or very good health than male 
humanities graduates after adjustment for age and socio-economic position (confidence intervals 1.09--
1.92). Male physical sciences graduates also had higher odds of having good or very good health than 
male humanities graduates after adjustment for age and socio-economic position, but life sciences and 
social science graduates did not. There were no significant differences by degree subject for women. 

Conclusions: Male graduates in clinical medicine have higher odds of good self-reported health. 
Knowledge of medicine may confer a health advantage for men above that of other degrees.

Strengths and Limitations of this Study

Large sample size (total N > 1 000 000 in full panel). This is by far the largest nationally representative 
longitudinal dataset in the UK.

Length of follow-up available (40 years, 1971–2011 for main census data) with life events for ONS 
Longitudinal Study members available until about 2 years before the current year of analysis. 

The high tracing rates contribute to the high linkage rate of LS members from census to census (88% 
2001 to 2011).

No behavioural or income data collected.

Census is every 10 years, so updates are limited.
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Introduction

Several studies have shown the health benefits of education and the gradient in this. Education to 
degree level confers a greater health advantage. 

Freedman and Martin1 found that education level accounted for declines in functional limitations among 
older Americans from 1984 to 1993, and high school graduate education was the most important in 
accounting for recent trends of the eight demographic and socioeconomic variables they considered.

Elo and Preston2 found proportionate reductions in mortality for each one-year increase in schooling in 
the United States at ages 35-54 comparable to those estimated for a number of European countries by 
Valkonen3. The main difference they found between the United States and Europe was that in the U.S. 
mortality reduction with years of schooling was quite similar for both men and women, while in a 
number of European countries male mortality was more greatly reduced than female mortality with 
educational attainment.

Walseman et al4 had explored if later life qualifications benefited health. Among respondents with no 
degree, a high school diploma, or a post–high school certificate at 25 years of age, attaining at least a 
bachelor’s degree by midlife was associated with fewer depressive symptoms and better self-rated 
health at midlife compared with respondents who did not attain a higher degree by midlife.

Rogers et al5 showed that educational degrees were associated with reduced mortality risk in three 
cohorts of U.S adults aged 25 and above in 1997–2002 though they showed more marked gender 
differences, with associations not significant in older women and were weaker in women than in men. 
Among males in all cohort groups, there were gradients by educational degree level in the risk of death. 
The overall educational degree gradient was evident in all cohorts of women, although the mortality 
advantages for those with postsecondary degrees were generally not as pronounced among women as 
among men.

More recently Buckles6 found that college (university) education among white men born between 1942 
and 1953 in the US was associated with lower mortality and higher earning, but also with higher levels 
of health insurance offering a pathway to better health outcomes in the US but not in the UK, but also 
greater reductions in smoking and higher levels of physical activity. 

We highlight the role of education for several reasons. First, education is strongly associated with many 
health- related behaviours over the life cycle, which frequently are not measured directly in nationally 
representative surveys and administrative data. Further, unlike some other measures of socioeconomic 
status such as occupation and income, educational qualification data are straightforward to report, and 
are generally fixed for each individual relatively early in life. In addition, Higher Education participation 
in UK increased from 3.4% in 1950, to 8.4% in 1970, to 19.3% in 1990. 7 

There has also been considerable work looking at the earnings returns to different degree subjects,8-9 
and also work looking at the wider returns to attending higher education, including the health 
outcomes.10-11 However, there has been very little investigation in the health returns by different degree 
subjects. The UK government is increasingly focussed on the returns to different degrees as government 
subsidies of different subject areas has increased significantly;12 understanding these wider returns is 
therefore highly important.
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The research looks at the health outcomes of adults by which degree they studied. Self-rated health 
correlates strongly with clinical assessments of morbidity and subsequent mortality in many studies and 
in the ONS Longitudinal Study specifically a strong association has been shown between reporting of 
fairly good health or not good health combined with mortality (Young et al, 2010)13. The hypothesis was 
that clinical medicine would confer health advantage. Graduates in humanities have lower salaries and 
lower employment rates in the UK than graduates in medicine and science (ONS, 2013)14 yet there are 
no studies of how this related to health outcomes. This is the first study to consider the health benefits 
of studying different degree subjects. 

We hypothesise that clinical medicine graduates will have higher odds of good or very good self-
reported health compared with fair, bed or very bad health combined.

Methods

The ONS Longitudinal Study (LS) comprises people born on one of four selected dates of birth and so 
makes up about 1% of the total population in England and Wales – that data is linked for five successive 
censuses starting at 1971; new LS members enter the study through birth and immigration and existing 
members leave through death and emigration, but their data is retained15. The LS is representative of 
the whole population of England and Wales, including those in non-private households. The LS is 
minimal bias due to non-response or attrition, as census coverage is good and rates of linkage high. The 
high tracing rates contribute to the high linkage rate of LS-members from census to census (88% 2001 to 
2011).16 Response rates to the 2011 Census were very high relative to other national censuses and 
sample surveys and cohort and panel studies at 94%.17

Adults with post age 18 qualifications were asked the titles, subjects, awarding institutions and year. The 
1991 graduates include anyone with a degree prior to the 1991 Census. We have restricted this sample 
to those born before 1976 (to exclude children who may have been erroneously assigned a higher 
education qualification) and survived to 2011 Census. The qualifications were grouped as part of Census 
data process in 1991 by ONS into 111 subjects. The authors grouped 110 subject areas into four 2021 
REF main panel subject areas: A (Life Sciences); B (Physical Sciences); C (Social Sciences); D (Humanities); 
with clinical medicine removed for the basis of this analysis from life sciences and coded as a separate 
category.18 The vast majority of graduates had one degree only. However, a small proportion had 
multiple degrees and of these a small number of people were recoded as having a degree in clinical 
medicine based on later qualifications. All other graduates were coded by their first degree awarded 
prior to the 1991 Census. Degrees awarded after 1991 by subject were not considered as this question 
was not asked in subsequent censuses. 

Work status variables were collected at the 2011 Census and used to adjust for a proxy for income as 
this is not collected in the Census. Respondents completed a tick box of options used to determine their 
participation in paid work the labour market in the week preceding each census. Working status in 2011 
with those respondents considered to be ‘in work’ (this included working, on temporary sick leave, 
maternity leave, holiday or about to take up a job) with occupational social class based on the National 
Statistics Socio-economic classification (NS-SEC) with three categories was used as risk factor for 
analysis. The categories were: Managerial, administrative, and professional occupations; Intermediate 
occupations Routine and manual occupations and never worked and unemployed combined.
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Demographic and socioeconomic indicators in 2011 were included as potential covariates. Demographic 
variables included age and age-squared. The results are presented separately by sex. 

Respondents were asked about self-rated health ‘How is your health in general?’ The outcome measure 
was good health and very good health combined compared to poor (fair, bad, and very bad health 
combined).  

Patient and Public Involvement

This research was done without patient involvement. Patients were not invited to comment on the 
study design and were not consulted to develop patient relevant outcomes or interpret the results. 
Patients were not invited to contribute to the writing or editing of this document for readability or 
accuracy.

Results

Table 1 Sample characteristics 

Cohort born before 1976 and survived until 
2011 Census Completion who reported having a 
higher education degree in 1991 Census by NS-
SEC and mean age

1. Higher 
occupations

2. Intermediate 
occupations

3. Lower occupations
/none

% 1. Higher 
occupations

Mean Age

Men
D (Humanities) 573 960 251 32 62
A (Life Sciences) 701 408 115 57 61
B (Physical Sciences) 2853 1837 553 54 62
C (Social Sciences) 2212 1758 432 50 62
Clinical medicine 526 26 12 93 66
Missing degree subject 18 14 10 43 61
Women
D (Humanities) 463 1877 347 17 60
A (Life Sciences) 478 540 88 43 58
B (Physical Sciences) 302 519 74 34 56
C (Social Sciences) 844 1882 261 28 57
Clinical medicine 278 26 10 89 62
Missing degree subject supressed supressed supressed supressed 54

Data Source ONS LS; analysis author’s own

Table 2 Odds of having good or very good health in 2011 by degree status in 1991. Cohort born before 
1976.
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Men n=159,116 Women n= 174,062
OR p-value Confidence Interval OR p-value Confidence Interval

Does not have a 
degree in 1991 1.00 1.00
Has a degree in 1991 1.92 <0.001 1.82 2.03 1.85 <0.001 1.73 1.98

Adjusted for Age, Age-squared and socio-economic status (NS-SEC); constant not shown

Data Source ONS LS; analysis author’s own 

Table 3 Odds of having good or very good health in 2011 by degree attained by 1991 Cohort born before 
1976.

Subject grouped 2021 REF Panel classes (A-C) compared to Humanities (D)

Men n=13,390 Women n= 8,143
Subject OR p-value Confidence Interval OR p-value Confidence Interval
D (Humanities) 1.00 1.00
A (Life Sciences) 1.16 0.163 0.94 1.44 0.95 0.663 0.77 1.18
B (Physical 
Sciences)

1.24 0.006 1.06 1.44 0.82 0.086 0.66 1.03

C (Social Sciences) 1.07 0.371 0.92 1.25 0.89 0.140 0.76 1.04
Clinical medicine 1.45 0.011 1.09 1.92 1.10 0.605 0.76 1.60
Missing degree 
subject

1.06 0.889 0.46 2.48 0.86 0.773 0.32 2.32

Adjusted for Age, Age-squared and socio-economic status (NS-SEC); constant not shown

Data Source ONS LS; analysis author’s own 

The majority of clinical medicine graduates (93% of men and 89% of women) were employed in higher 
occupational classifications. This is compared with 32% of male graduates in humanities subjects and 
17% of female (Table 1). There were small differences between the mean age group of the groups of 
graduates analysed. The mean age of male and female clinical medicine graduates in the sample was 
higher than that of other male and female graduate groups respectively. The mean age of female 
graduates was lower than that of male by 2-7 years depending on degree subject (Table 1).

Male graduates had 92% higher odds of having good or very good health than male non-graduates after 
adjustment for age and socio-economic position (confidence intervals 1.82-2.03). Female graduates had 
85% higher odds of having good or very good health than female non-graduates after adjustment for 
age and socio-economic position (confidence intervals 1.73-1.98) (Table 2).

Male clinical medicine graduates had 45% higher odds of having good or very good health than 
humanities graduates after adjustment for age and socio-economic position (confidence intervals 1.09.-
1.92). Male physical sciences graduates also had higher odds of having good or very good health than 
humanities graduates after adjustment for age and socio-economic position, , but life sciences and social 
science graduates did not. There were no significant differences by degree subject for women (Table 3). 
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Conclusions: Male graduates in clinical medicine have higher odds of good or very good self-reported 
health. Knowledge of medicine may confer a health advantage for men above that of other degrees. The 
study of medicine may both inform personal health behaviour decisions and also lead to earlier self 
diagnosis through skills gained in research of clinical information and from knowing other experts in the 
medical field to consult. Additionally there are financial benefits of studying medicinethat may explain 
the health advantage. Ross and Wu19 found that fulfilling work and high income were very important in 
explaining the education-health link. As we found in previous work8 medicine is one of the degree 
subjects which increases earnings the most - not only much more than the humanities and social science 
degrees, but also more than other sciences, and hence this could explain some of its strong positive 
impact of health. (This may also partly explain the association seen in physical sciences graduates).The 
census does not however collect details of income. The vast majority of clinical medicine graduates were 
employed in higher level occupations. Given the higher mean age of clinical medicine graduates if age 
selection were explaining the results we would explain this to reduce rather than increase the size of the 
association found suggesting this is not the explanation.  

Why these benefits were only experienced by men might be explained by higher salaries of male 
clinicians or by the benefits of health-related knowledge mediating the gender differentials in health 
behaviours. There may also be selection bias, with men being more likely admitted to medical school 
and more likely to pursue a career in science generally than women, with men more likely to get 
employment and stay in a medical profession than women, and with men’s careers less likely to be 
affected by family and childbearing responsibilities (though as this study looks at education rather than 
occupation the latter may be less of an issue). The mean age of the women in the sample was slightly 
younger than the men. There could also be effects on health where the educational qualification of the 
head of household may be more important, especially in households which are not headed by women. 
Cutler and Lleras-Muney20 found that specific factual knowledge, e.g. on the harms of smoking and 
drinking, accounts for around 10% of the education gradient in health behaviours. We would obviously 
expect this specific factual knowledge to be highest for clinical medicine graduates. This could be further 
investigated by studying other graduates with health-related qualifications. The Medical Schools 
Selection Alliance details a minimum of three A levels (post-16) with qualifications usually in lab based 
sciences and often a third science subject for application to study medicine in the UK.21 There are no 
post-16 academic subjects explicitly covering human health other than vocational and technical 
qualifications in Health and Social Care,22 with Human Biology A level phased out in 2017.23 Personal, 
social, health and economic education (PSHE) is a non-statutory subject on the English school curriculum 
in maintained schools and academies to age 16, though all state schools should make provision for its 
teaching.24 Whether a compulsory GCSE and optional A level in a health related discipline would 
improve the population’s health remains open for debate and to persuade medical schools whether this 
would form part of a suitable suite of qualifications with which to apply to medical school would also be 
challenging. This study has looked at graduates of medicine rather than those practising medicine. It is 
beyond the scope of the paper to look at how these outcomes may differ for those who study medicine 
but are employed in other fields though this is a potential area for future research, and gender may play 
an interesting role here. Also disentangling the effects of income might be considered if data on income 
were in future able to be linked to the ONS LS perhaps as part of administrative based censuses.    
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No. Recommendation

Page 
No.

(a) Indicate the study’s design with a commonly used term in the title or the abstract 1Title and 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 5

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

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case 
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of 
participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 
unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per 
case

5

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

5

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
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Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 5
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2

Quantitative 
variables

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

5

(a) Describe all statistical methods, including those used to control for confounding 5
(b) Describe any methods used to examine subgroups and interactions 5
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling 
strategy

Statistical 
methods

12

(e) Describe any sensitivity analyses

Results
(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

6

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

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders

6

(b) Indicate number of participants with missing data for each variable of interest 6

Descriptive data 14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 6
Cohort study—Report numbers of outcome events or summary measures over time 6
Case-control study—Report numbers in each exposure category, or summary measures of exposure 6

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures
(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

6

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time 
period
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion
Key results 18 Summarise key results with reference to study objectives 7-8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias
7-8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence

7-8

Generalisability 21 Discuss the generalisability (external validity) of the study results 7-8

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
8

*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 

Objective: to quantify the potential protective effect on health associated with study of a clinical 
medicine degree. 

Design: Prospective population based cohort data collected at census and linked over time study: cohort 
born before 1976 and survived to 2011. Subgroup analysis on those who reported having a degree at 
1991 census. 

Setting: England and Wales population based including institutions.

Participants: 159,116 men 174,062 women. 13,390 men with degrees 8,143 women with degrees. 

Main outcome measure: self-reported general health in 2011 based on logistic regression analysis. 

Results: Male graduates had 92% higher odds of having good or very good health than male non-
graduates after adjustment for age and socio-economic position (confidence intervals 1.82-2.03). 
Female graduates had 85% higher odds of having good or very good health than female non-graduates 
after adjustment for age and socio-economic position (confidence intervals 1.73-1.-98).

Male clinical medicine graduates had 45% higher odds of having good or very good health than male 
humanities graduates after adjustment for age and socio-economic position (confidence intervals 1.09--
1.92). Male physical sciences graduates also had higher odds of having good or very good health than 
male humanities graduates after adjustment for age and socio-economic position, but life sciences and 
social science graduates did not. There were no significant differences by degree subject for women. 

Conclusions: Male graduates in clinical medicine have higher odds of good self-reported health. 
Knowledge of medicine may confer a health advantage for men above that of other degrees.

Strengths and Limitations of this Study

Large sample size (total N > 1 000 000 in full panel). This is by far the largest nationally representative 
longitudinal dataset in the UK.

Length of follow-up available (40 years, 1971–2011 for main census data) with life events for ONS 
Longitudinal Study members available until about 2 years before the current year of analysis. 

The high tracing rates contribute to the high linkage rate of LS members from census to census (88% 
2001 to 2011).

No behavioural or income data collected.

Census is every 10 years, so updates are limited.
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Introduction

Several studies have shown the health benefits of education and the gradient in this. Education to 
degree level confers a greater health advantage. 

Freedman and Martin1 found that education level accounted for declines in functional limitations among 
older Americans from 1984 to 1993, and high school graduate education was the most important in 
accounting for recent trends of the eight demographic and socioeconomic variables they considered.

Elo and Preston2 found proportionate reductions in mortality for each one-year increase in schooling in 
the United States at ages 35-54 comparable to those estimated for a number of European countries by 
Valkonen3. The main difference they found between the United States and Europe was that in the U.S. 
mortality reduction with years of schooling was quite similar for both men and women, while in a 
number of European countries male mortality was reduced more than female mortality was with 
educational attainment.

Walseman et al4 explored if later life qualifications benefited health. Among respondents with no 
degree, a high school diploma, or a post–high school certificate at 25 years of age, attaining at least a 
bachelor’s degree by midlife was associated with fewer depressive symptoms and better self-rated 
health at midlife compared with respondents who did not attain a higher degree by midlife.

Rogers et al5 showed that educational degrees were associated with reduced mortality risk in three 
cohorts of U.S. adults aged 25 and above in 1997–2002 though they showed more marked gender 
differences, with associations not significant in older women and weaker in women than in men. Among 
males in all cohort groups, there were gradients by educational degree level in the risk of death. The 
overall educational degree gradient was evident in all cohorts of women, although the mortality 
advantages for those with postsecondary degrees were generally not as pronounced among women as 
among men.

More recently Buckles6 found that college (university) education among white men born between 1942 
and 1953 in the U.S. was associated with lower mortality and higher earning, and also greater reductions 
in smoking and higher levels of physical activity. College education was also with higher levels of health 
insurance offering a pathway to better health outcomes, but more inequality in the US.

We highlight the role of education for several reasons. First, education is strongly associated with many 
health- related behaviours over the life cycle, which are frequently not measured directly in nationally 
representative surveys and administrative data. Further, unlike some other measures of socioeconomic 
status such as occupation and income, educational qualification data are straightforward to report, and 
are generally fixed for each individual relatively early in life. In addition, Higher Education participation 
in the UK increased from 3.4% in 1950, to 8.4% in 1970, to 19.3% in 1990. 7 

There has also been considerable work looking at the earnings returns to different degree subjects,8-9 
and also work looking at the wider returns to attending higher education, including the health 
outcomes.10-11 However, there has been very little investigation in the health returns by different degree 
subjects. The UK government is increasingly focussed on the returns to different degrees as government 
subsidies of different subject areas has increased significantly;12 understanding these wider returns is 
therefore highly important.
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The research looks at the health outcomes of adults by which degree they studied. Self-rated health 
correlates strongly with clinical assessments of morbidity and subsequent mortality in many studies and 
in the ONS Longitudinal Study specifically, a strong association has been shown between reporting of 
fairly good health and not good health combined, compared with good health, with mortality (Young et 
al, 2010)13. The hypothesis was that clinical medicine would confer health advantage. Graduates in 
humanities have lower salaries and lower employment rates in the UK than graduates in medicine and 
science (ONS, 2013)14 yet there are no studies of how this related to health outcomes. This is the first 
study to consider the health benefits of studying different degree subjects. 

We hypothesise that clinical medicine graduates will have higher odds of good or very good self-
reported health compared with fair, bad or very bad health combined.

Methods

The ONS Longitudinal Study (LS) comprises people born on one of four selected dates of birth and so 
makes up about 1% of the total population in England and Wales. That data is linked for five successive 
censuses starting at 1971; new LS members enter the study through birth and immigration and existing 
members leave through death and emigration, but their data is retained.15 The LS is representative of 
the whole population of England and Wales, including those in non-private households. The LS has 
minimal bias due to non-response or attrition, as census coverage is good and rates of linkage high. The 
high tracing rates contribute to the high linkage rate of LS-members from census to census (88% 2001 to 
2011).16 Response rates to the 2011 Census were very high relative to other national censuses and 
sample surveys, cohort and panel studies at 94%.17

Adults with post age 18 qualifications were asked the titles, subjects, awarding institutions and year in 
the 1991 census. These pre-1991 graduates include anyone with a degree prior to the 1991 Census. We 
have restricted this sample to those born before 1976 (to exclude children who may have been 
erroneously assigned a higher education qualification) and survived to 2011 Census. The qualifications 
were grouped as part of Census data processing in 1991 by ONS into 111 subjects. The authors grouped 
110 subject areas into four 2021 Research Excellence Framework (REF) main panel subject areas: A (Life 
Sciences); B (Physical Sciences); C (Social Sciences); D (Humanities); with clinical medicine removed for 
the basis of this analysis from life sciences and coded as a separate category.18 The vast majority of 
graduates had one degree only. However, a small proportion had multiple degrees and of these a small 
number of people were recoded as having a degree in clinical medicine based on later qualifications. All 
other graduates were coded by their first degree awarded prior to the 1991 Census. Degrees awarded 
after 1991 by subject were not considered as this question was not asked in subsequent censuses. 

Work status variables were collected at the 2011 Census and used to adjust as a proxy for income as this 
is not collected in the Census. Respondents completed a tick box of options used to determine their 
participation in paid work the labour market in the week preceding each census. Working status in 2011 
with those respondents considered to be ‘in work’ (this included working, on temporary sick leave, 
maternity leave, holiday or about to take up a job) with occupational social class based on the National 
Statistics Socio-economic classification (NS-SEC) with three categories was used as risk factor for 
analysis. The categories were: Managerial, administrative, and professional occupations; Intermediate 
occupations, Routine and manual occupations and never worked and unemployed combined.
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Demographic and socioeconomic indicators in 2011 were included as potential covariates. Demographic 
variables included age and age-squared. The results are presented separately by sex. 

Respondents were asked about self-rated health ‘How is your health in general?’ The outcome measure 
was good health and very good health combined compared to poor (fair, bad, and very bad health 
combined).  

Patient and Public Involvement

This research was done without patient involvement. Patients were not invited to comment on the 
study design and were not consulted to develop patient relevant outcomes or interpret the results. 
Patients were not invited to contribute to the writing or editing of this document for readability or 
accuracy.

Ethics: the research project was approved by the ONS Longitudinal Study Research and Development 
Board. Project ID: 1007013

Results

Table 1 Sample characteristics 

Cohort born before 1976 and survived until 
2011 Census Completion who reported having a 
higher education degree in 1991 Census by NS-
SEC and mean age

1. Higher 
occupations

2. Intermediate 
occupations

3. Lower occupations
/none

% 1. Higher 
occupations

Mean Age

Men
D (Humanities) 573 960 251 32 62
A (Life Sciences) 701 408 115 57 61
B (Physical Sciences) 2853 1837 553 54 62
C (Social Sciences) 2212 1758 432 50 62
Clinical medicine 526 26 12 93 66
Missing degree subject 18 14 10 43 61
Women
D (Humanities) 463 1877 347 17 60
A (Life Sciences) 478 540 88 43 58
B (Physical Sciences) 302 519 74 34 56
C (Social Sciences) 844 1882 261 28 57
Clinical medicine 278 26 10 89 62
Missing degree subject suppressed suppressed suppressed suppressed 54

Data Source ONS LS; analysis author’s own
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Table 2 Odds of having good or very good health in 2011 by degree status in 1991. Cohort born before 
1976.

Men n=159,116 Women n= 174,062
OR p-value Confidence Interval OR p-value Confidence Interval

Does not have a 
degree in 1991 1.00 1.00
Has a degree in 1991 1.92 <0.001 1.82 2.03 1.85 <0.001 1.73 1.98

Adjusted for Age, Age-squared and socio-economic status (NS-SEC); constant not shown

Data Source ONS LS; analysis author’s own 

Table 3 Odds of having good or very good health in 2011 by degree attained by 1991 Cohort born before 
1976.

Subject grouped 2021 REF Panel classes (A-C) compared to Humanities (D)

Men n=13,390 Women n= 8,143
Subject OR p-value Confidence Interval OR p-value Confidence Interval
D (Humanities) 1.00 1.00
A (Life Sciences) 1.16 0.163 0.94 1.44 0.95 0.663 0.77 1.18
B (Physical 
Sciences)

1.24 0.006 1.06 1.44 0.82 0.086 0.66 1.03

C (Social Sciences) 1.07 0.371 0.92 1.25 0.89 0.140 0.76 1.04
Clinical medicine 1.45 0.011 1.09 1.92 1.10 0.605 0.76 1.60
Missing degree 
subject

1.06 0.889 0.46 2.48 0.86 0.773 0.32 2.32

Adjusted for Age, Age-squared and socio-economic status (NS-SEC); constant not shown

Data Source ONS LS; analysis author’s own 

The majority of clinical medicine graduates (93% of men and 89% of women) were employed in higher 
occupational classifications. This is compared with 32% of male graduates in humanities subjects and 
17% of female (Table 1). There were small differences between the mean age group of the groups of 
graduates analysed. The mean age of male and female clinical medicine graduates in the sample was 
higher than that of other male and female graduate groups respectively. The mean age of female 
graduates was lower than that of male by 2-7 years depending on degree subject (Table 1).

Male graduates had 92% higher odds of having good or very good health than male non-graduates after 
adjustment for age and socio-economic position (confidence intervals 1.82-2.03). Female graduates had 
85% higher odds of having good or very good health than female non-graduates after adjustment for 
age and socio-economic position (confidence intervals 1.73-1.98) (Table 2).

Male clinical medicine graduates had 45% higher odds of having good or very good health than 
humanities graduates after adjustment for age and socio-economic position (confidence intervals 1.09.-
1.92). Male physical sciences graduates also had higher odds of having good or very good health than 
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humanities graduates after adjustment for age and socio-economic position, but life sciences and social 
science graduates did not. There were no significant differences by degree subject for women (Table 3). 

Conclusions: Male graduates in clinical medicine have higher odds of good or very good self-reported 
health. Knowledge of medicine may confer a health advantage for men above that of other degrees. The 
study of medicine may both inform personal health behaviour decisions and also lead to earlier self 
diagnosis through skills gained in research of clinical information and from knowing other experts in the 
medical field to consult. Additionally there are financial benefits of studying medicine that may explain 
the health advantage. Ross and Wu19 found that fulfilling work and high income were very important in 
explaining the education-health link. As we found in previous work8 medicine is one of the degree 
subjects which increases earnings the most - not only much more than the humanities and social science 
degrees, but also more than other sciences, and hence this could explain some of its strong positive 
impact of health. (This may also partly explain the association seen in physical sciences graduates).The 
census does not however collect details of income. The vast majority of clinical medicine graduates were 
employed in higher level occupations. Given the higher mean age of clinical medicine graduates if age 
selection were explaining the results we would explain this to reduce rather than increase the size of the 
association found suggesting this is not the explanation.  

Why these benefits were only experienced by men might be explained by higher salaries of male 
clinicians or by the benefits of health-related knowledge mediating the gender differentials in health 
behaviours. There may also be selection bias, with men being more likely admitted to medical school 
and more likely to pursue a career in science generally than women, with men more likely to get 
employment and stay in a medical profession than women. Men’s careers are less likely to be affected 
by family and childbearing responsibilities (though as this study looks at education rather than 
occupation the latter may be less of an issue). The mean age of the women in the sample was slightly 
younger than the men. There could also be effects on health where the educational qualification of the 
head of household may be more important, especially in households which are not headed by women. 
Cutler and Lleras-Muney20 found that specific factual knowledge, e.g. on the harms of smoking and 
drinking, accounts for around 10% of the education gradient in health behaviours. We would obviously 
expect this specific factual knowledge to be highest for clinical medicine graduates. This could be further 
investigated by studying other graduates with health-related qualifications. The Medical Schools 
Selection Alliance details a minimum of three A levels (post-16) with qualifications usually in lab based 
sciences and often a third science subject for application to study medicine in the UK.21 There are no 
post-16 academic subjects explicitly covering human health other than vocational and technical 
qualifications in Health and Social Care,22 with Human Biology A level phased out in 2017.23 Personal, 
social, health and economic education (PSHE) is a non-statutory subject on the English school curriculum 
in maintained schools and academies to age 16, though all state schools should make provision for its 
teaching.24 Whether a compulsory GCSE and optional A level in a health related discipline would 
improve the population’s health remains open for debate and to persuade medical schools whether this 
would form part of a suitable suite of qualifications with which to apply to medical school could also be 
challenging. This study has looked at graduates of medicine rather than those practising medicine. It is 
beyond the scope of the paper to look at how these outcomes may differ for those who study medicine 
but are employed in other fields though this is a potential area for future research, and gender may play 
an interesting role here. Also disentangling the effects of income might be considered if data on income 
were in future able to be linked to the ONS LS, perhaps as part of administrative based censuses.    
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No. Recommendation

Page 
No.

(a) Indicate the study’s design with a commonly used term in the title or the abstract 1Title and 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 5

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

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case 
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of 
participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 
unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per 
case

5

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

5

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

5

Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 5
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2

Quantitative 
variables

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

5

(a) Describe all statistical methods, including those used to control for confounding 5
(b) Describe any methods used to examine subgroups and interactions 5
(c) Explain how missing data were addressed
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling 
strategy

Statistical 
methods

12

(e) Describe any sensitivity analyses

Results
(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

6

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

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders

6

(b) Indicate number of participants with missing data for each variable of interest 6

Descriptive data 14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 6
Cohort study—Report numbers of outcome events or summary measures over time 6
Case-control study—Report numbers in each exposure category, or summary measures of exposure 6

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures
(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

6

(b) Report category boundaries when continuous variables were categorized

Main results 16

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

Continued on next page 

Page 13 of 13

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

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041224 on 18 M

arch 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

3

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

Discussion
Key results 18 Summarise key results with reference to study objectives 7-8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias
7-8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence

7-8

Generalisability 21 Discuss the generalisability (external validity) of the study results 7-8

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
8

*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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