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Abstract
Women are an important public health focus, because they are more likely to experience some social determinants of disease, and they influence family health.  Little research has explored the sociodemographic representativeness of women in research studies.  We examined the representativeness of female respondents across four sociodemographic factors in UK population surveys and cohort studies.  Six UK population-based health surveys (from 2009 to 2013) and eight Medical Research Council cohort studies (from 1991 to 2014) were included.  Percentages of women respondents by age, income/occupation, education status and ethnicity were compared against contemporary population estimates.  Women aged <35 years were under-represented.  The oldest women were under-represented in four of nine studies.  Within income/occupation, at the highest deprivation level, the range was 4% under-representation to 43% over-representation; at the lowest level, it was 6% under-representation to 21% over-representation.  Of nine studies reporting educational level, four under-represented women without school qualifications, and three under-represented women with degrees.  One of five studies over-represented non-white groups and under-represented white women (by 9%).  Response patterns varied by topic and recruitment and data collection methods.  Future research should focus upon the methods used to identify, reach and engage women to improve representativeness in studies addressing health behaviors.
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Introduction
A focus of epidemiologic research is to describe patterns of health-related events (Centers for Disease Control and Prevention 2012).  Cross-sectional surveys are frequently used to estimate the prevalence of health risks and events at particular time points (Coggon, Rose, and Barker 2016).  Data can be collected relatively quickly and compared over time, but surveys rely on samples that represent the populations to which results are extrapolated.  
The efficacy of survey recruitment is typically assessed by response rates (Mindell, Aresu, et al. 2012).  These have declined in the UK.  For example, the response rate of the Scottish Health Survey (SHeS) has fallen from 84% in 1995 (Gorman et al. 2014) to 56 % in 2013 (Corbett et al. 2014). No consensus exists on acceptable response rates, and overall response rates cannot quantify the extent to which samples represent the sampled population.  Also, the danger of ecological fallacy exists whereby estimates, for the aggregated data, do not adequately reflect the risks and events of individuals due to under- and over-representation of different sectors of the source population.  
Epidemiologic studies also aim to investigate determinants of disease. Cohort studies are useful for this because they allow incidence and etiology to be explored, although they do not necessarily aim for a representative sample.  Rothman Gallacher and Hatch (2013) argue that representativeness is irrelevant for establishing causal explanations.  Yet in health research, potential explanatory factors may be tied to sociodemographic attributes (e.g., access to information).  The external validity of a study is, therefore, threatened if respondents differ, in terms of these determinants, from the population to whom conclusions will be generalized. 
Approaches exist to limit non-response bias. These either try to increase response rates or use post-hoc statistical adjustments.  Both strategies are problematic.  Fieldwork strategies to increase response rates, such as increased call attempts, are costly and may increase questionnaire item-nonresponse (Olson 2013). Another approach is to target under-represented groups through ‘boost’ samples, i.e., oversampling of certain communities.  Yet, boost samples pose difficulties in identifying sampling frames and may introduce selection bias (Platt 2013).  
Statistical adjustment is often used to standardize results to population norms, for example, weighting data to alter the influence of responses (Brick 2013).  However, statistical adjustments are only useful for larger data samples with sufficient data to inform assumptions about missing information.  They also rely on the flawed supposition that respondents will be similar to non-respondents. In studies investigating alcohol use, heavier drinkers are less likely to participate, so that adjustments result in underestimation of actual consumption (Catto 2008). A further concern is that statistical adjustments effectively increase the sample size, making summary statistics appear more accurate than they should. 
Considerable research has already identified sociodemographic characteristics linked with lower response, suggesting that non-respondents are more likely to be male, young or elderly (if infirm), in lower income occupations, educated to lower levels and unmarried (Uhrig 2008). These findings present a challenge to representativeness and consequently to external validity.  While concerns about the external validity are relevant to both genders, this paper focuses upon women.  Considerable focus in the UK has been upon the methods to understand social determinants of health to reduce health inequalities (Scottish Public Health Observatory 2015).  Gender is an important factor.  Data suggest that women experience a greater number of years with ill-health and disability, despite longer life expectancy (Office for National Statistics 2015).  Women are also marginally more vulnerable to deprivation, an important predictor of ill-health (Office for National Statistics UK 2015a).  Moreover, women’s health risk behaviors are particularly influential over the later health behaviors of their children (Griffith et al. 2007). Therefore, women are an important focus for harm prevention, yet little research has explored the extent to which study samples represent the population from which they are drawn. 
The aim of these analyses was to describe patterns of response for women by sociodemographic attributes across a sample of health-related population-based surveys and cohort studies in the UK, to compare these against sociodemographic profiles of respective sampled populations. 
Methods
Study selection
General population surveys were identified via the UK Data Service and included if they covered one or more UK nations and if their focus was health and/or health risk behaviors (e.g., tobacco use). Data for the last five years available at the time of writing were explored (2009-2013).  Medical Research Council (MRC) cohort studies were identified from the Cohort Directory (Medical Research Council 2015) and included if they recruited women aged 16 to 65 years from non-treatment seeking populations.  Data collection period was not an exclusion criterion, and data collection periods of the reviewed studies spanned 1991-2014.  We selected MRC studies because they were considered to be of high methodological quality.  Cohort studies concerned solely with individuals with a shared medical diagnosis or workplace were excluded because they were not recruiting a general population sample.  This review focuses upon adult women’s health, not ageing, and therefore studies which only recruited women >50 years were also excluded, as were birth cohort studies when their focus was solely on infant/child health.  
Data sources
For the population surveys, data for each sociodemographic factor were taken from unweighted datasets held by the UK Data Service (Department of Health, Social Services and Public Safety 2013; Field et al. 1995; Johnson et al. 2005; Johnson and Centre for Sexual and Reproductive Health Research 2015; National Centre for Social Research 2011; 2013; 2014; 2014a; 2015; National Centre for Social Research et al. 2005; 2013; 2014; 2015; 2015a; 2015b; School Scottish Centre for Social Research 2009; 2010; 2011; 2012; 2013), with the exception of the General Lifestyle Survey.  Data for this survey series were taken from the survey’s Technical Appendices (Dunstan 2012; Office for National Statistics 2011; 2011a). Annual population survey data were extracted for the years 2009-2013.  One population survey - the National Survey for Sexual Attitudes and Lifestyles (Natsal) is conducted every 10 years, and data were therefore taken from the 1990-1991, 1999-2001 and 2010-2012 runs.  Data for cohort studies came from published articles (Cade et al. 2015; Davey et al. 2003; Fone et al. 2013; Fraser et al. 2013; Hayat et al. 2014; Inskip et al. 2006; Robinson et al. 2004; Swerdlow et al. 2011; Wilkinson, Inskip, and Southampton Women’s Survey Study Group 2006),  with the exception of Understanding Society for which it was possible to obtain data from the technical summary (Buck, Laurie, and Nolan 2011) and the UK Data Service (University of Essex, 2015).
Sociodemographic attributes 
Age, socioeconomic status, defined by measures of occupation/income and education and ethnicity, were the selected sociodemographic attributes.  Marital status was also explored, but this was not included due to the large variation in categories used by each study which limited meaningful comparison.  
Age was summarized in 10-year age groups taken from the original data sources or created by collapsing data for single years of age for which raw data were available.   Age data from cohort studies were taken as reported in published articles.  
Proxy measures of socioeconomic status (SES) were selected which reflected economic status.  Most often this was the National Statistics Socioeconomic Classification 8 (NS-SeC 8) to provide a good level of detail for subgroups (Office for National Statistics 2010).   Education was classified by level of the highest qualification earned to facilitate comparisons between systems and over time.  English and Scottish levels were compared using the Scottish Credit and Qualifications Framework Partnership (2015).   The National Careers Service (2015) and Health Education East Midlands (2013) allowed changes in English Qualifications over time to be reconciled.
Ethnicity has only recently been routinely collected in UK surveys, and a wide range of classification systems exist due to changes in the political and social landscape (Mathur, Grundy, and Smeeth 2013).  To facilitate comparison between different classification systems used, ethnicity was simplified to four categories: ‘white’, ‘black’ (black African and black Caribbean), Asian (Indian, Bangladeshi, Pakistani and Chinese) and ‘Other’ (mixed race and other ethnicities).  
Summary statistics
The unit of analysis was the individual to facilitate comparison across studies because not all studies had household data.  If full datasets were available, the denominator in percentage calculations was the percentage of the total number of female respondents classified within each category. 
Population estimates were primarily taken from census data.  These data were obtained from the UK Data Service.  The InFuse portal (Office for National Statistics 2011c) was used to locate data within the 2001 and 2011 censuses for England and Wales and the Casweb portal (Office for National Statistics 1991) for the 1991 iteration.  The Census for Scotland was accessed via, the Census Data Explorer (National Records for Scotland 2015)
Estimates were as specific as possible to region.  To compare region-specific cohort studies, we selected county-level data.  These were taken either from the peer-reviewed publications or were derived from mid-year population estimates, using the Stats Wales tool (2015)  or Office for National Statistics reference tables (Office for National Statistics 2015b).
Contemporaneous data were used for population estimates for comparison against the population surveys and cohort studies.  In comparisons between population estimates and samples, we used data from the nearest available year.   We were only able to explore response rates across multiple years for age due to insufficient data for other sociodemographic attributes. Aggregate census data was the main source of population estimates for SES, education and ethnicity, and therefore the year 2011 was selected for these attributes to allow comparison against the most recent census datasets.
To assess representativeness, we calculated the difference between the percentage of each sociodemographic attribute in each sample and in the population. Negative values denoted under-representation and positive values over-representation.  
Results
Six population surveys were included (Department of Health, Social Services and Public Safety 2013; Dunstan 2012; Field et al. 1995; Johnson et al. 2005; Johnson and Centre for Sexual and Reproductive Health Research 2015; National Centre for Social Research 2009; 2010; 2011; 2012; 2013; 2013a; 2014; 2015; 2015a; 2015b; Office for National Statistics 2011; Office of National Statistics 2011; Scottish Centre for Social Research, University College London. Department of Epidemiology and Public Health 2015; 2015a; 2016, 2016a; 2016b) (Table 1).
Each population survey was repeated annually, except the National Survey of Sexual Attitudes and Lifestyles (Natsal), which is conducted every 10 years.  All involved adults aged 16 years and over; however, the Natsal survey stopped at age 44 years for the first two iterations and at age 74 years for the third.  The Scottish Health Survey (SHeS) had the smallest sample, and the General Lifestyle Survey (GLS) has the largest.  The Welsh Health Survey (WHS) was the newest, having been first conducted in 2003.  [Place Table 1 here.]
Eight cohort studies were included (Buck et al. 2011; Cade et al. 2015; Davey et al. 2003; Fone et al. 2013; Fraser et al. 2013; Hayat et al. 2014; Inskip et al. 2006; Robinson et al. 2004; Swerdlow et al. 2011; Wilkinson et al. 2006; University of Essex 2015) (Table 2).  Data were available for the period between 1993 and 2009.  Three cohorts were on a national scale, and five were regional.  The Avon Longitudinal Study of Parents and Children (ALSPAC) and the Southampton Women’s Study (SWS) focused on family health; the Breakthrough Generations, two European Prospective Investigations into Cancer (EPIC-Oxford and EPIC-Norfolk) and the UK Women’s Cohort Study (UKWCS) projects focused upon cancer prevention.  The remaining studies explored links between sociodemographics and health.  Only limited data covering the entire cohort were available to the authors for the ALSPAC, and therefore these are only reported in the text.   [Place Table 2 here.]
Two cohort studies were excluded.  These were the UK Biobank, because this cohort profile was only available as an abstract (Hutchings et al. 2014), and the Southall and Brent Revisited study had a very small (n=1,198) target sample of women (Tillin et al. 2012).  
Recruitment and fieldwork techniques
The national population surveys used stratified samples based upon random selection of addresses from postcode sectors (Corbett et al. 2014; Erens et al. 2014; Mindell et al. 2012; Office of National Statistics 2011; Sadler et al. 2013). All surveys used face-to-face interviews, recorded using computerized assisted personal interviewing.  In the Natsal and Northern Ireland Health Survey (NIHS), participants answered sensitive questions in writing to reduce embarrassment. In Nastsal III a boost sample was used to increase the sensitivity of analyses in 16-34 year-olds (Erens et al. 2014).
More variation in study recruitment was observed for the cohort studies.  The Breakthrough Generations study (Swerdlow et al. 2011) needed a committed group due to the study’s requirements.  They initially advertised through national cancer charities and then encouraged chain or snowball referrals from existing members to strengthen social ties between participants.  The E-CATALyST study (Fone et al. 2013) employed postal contacts.  Visits were organized to follow up missing questionnaires and verify property occupancy.   
Both EPIC studies used postal recruitment using lists from family doctors (Davey et al. 2003; Hayat et al. 2014) but the EPIC Oxford also asked vegetarian and vegan societies to advertise the study to reach non-meat eaters.  In both EPIC studies, family doctors and research nurses took biological samples.   
The SWS sent leaflets and letters to eligible women (identified via family doctor registers) (Inskip et al. 2006).  This was followed by a telephone call, a letter and visit to update contact details.  To reach women who were not registered with a local family doctor, women were also approached in supermarkets and at local events.  
The UKWCS, like EPIC Oxford, also wanted to recruit non-meat eaters (Cade, Burley, and Greenwood 2004). This study, however, contacted women via the World Cancer Research Fund using mailing lists targeted at women, including a number of charity databases.  All vegetarians were selected, and a systematic sampling procedure was devised to create a meat-eating comparison group.  
Understanding Society used, like the population surveys, stratified sampling based upon postal code sectors to divide the UK into sampling units.  A boost sample and inclusion of the British Household Panel Survey respondents allowed this study to develop an extremely large sample of minority groups.  The sample was clustered in most of the UK with the exception of Northern Ireland (Buck et al. 2011). Understanding Society employed a variety of data collection techniques, including the collection of audio and video qualitative data plus record linkage. 
Patterns of Response by Sociodemographic Attributes
Age
A consistent pattern was observed across surveys and over time of under-representation of lower age groups and over-representation of older age groups (Figure 1). This ranged from 10% under-representation in 16-24 year olds to 3% over-representation in > 44 year olds.  [Place Figure 1 here.] 
Differences between year of data collection in the population surveys (Figure 1), comparing the same age group in the same survey, were all within 2%, apart from the SHeS in which a 3% reduction in under-representation occurred between 2012 and 2013 for the 25 to 34-year age group.  The Natsal differed from the other population surveys in that the first two iterations demonstrated the same pattern of under-representation at younger ages noted above (Figure 2).  However, the results in the Natsal III were reversed.  Individuals younger than 35 years were over-represented, and older groups were under-represented.   [Place Figure 2 here.]
In the cohort studies (Figure 3), with the exception of Understanding Society, the youngest age group was also under-represented.  In two of the four studies, the oldest age group was under-represented.  The EPIC Norfolk study recruited participants aged at least 40 years with the youngest and oldest age groups under-represented.   [Place Figure 3 here.]
Socioeconomic Status (Occupation and Income)
At the highest deprivation categories (according to the different measures used in the original datasets), three of four population surveys and one of three cohort studies with data showed under-representation of 2% to 15% (Figure 4). At the lowest level of deprivation, one of four population surveys and one of three cohort studies with data showed under-representation of 1% to 6%.  The pattern for deprivation was less clear than for age, but the percentage differences between samples and population estimates were much larger in some cases.  Notably Understanding Society over-represented women with high deprivation by 43% and Breakthrough Generations over-represented those with lower deprivation by 21%.  
In addition, the ALSPAC study (not reported in Figure 4 due to the smaller number of categories) had a sample which over-represented women owning cars (7% higher levels than Avon estimates) and homeownership (10% higher than Avon estimates) (Fraser et al. 2013).  Data were only available for genders combined in the E-CATALyST and population estimates from 2011 Census (England, Wales and Scotland).   [Place Figure 4 here.]
Socioeconomic Status (Education)
Two of four population surveys and two of five cohort studies demonstrated under-representation at the lowest level of education; two of four population studies and one of five cohort studies showed under-representation at the highest qualification level (Figure 5).  
The SWS had the greatest under-representation at the lowest educational level (16%) (Wilkinson et al. 2006).  While the WHS had the highest under-representation of women with level 4 (university) education (10%), EPIC Oxford had the highest over-representation at this qualification level (28%).  EPIC Norfolk was the most successful in obtaining representation of those with no qualifications (22%), and yet it was the study that did not achieve representative samples at level 4 and over. [Place Figure 5 here.]
Ethnicity
Few included studies reported response rates by ethnicity.  Individuals who classed themselves as white were over-represented by 1% in the HSE and 2% in the Natsal III (Figure 6). Asians were under-represented by 1% and 2% in the SHeS and Natsal III, respectively.  Understanding Society employed a boost sample. ‘White’ women were under-represented by 9%.  In the ALSPAC cohort, non-white mothers were under-represented by 2% compared to 1991 Census figures for Avon.   No under-representation was observed in the ‘Black’ or ‘Other’ groups in the included studies.  [Place Figure 6 here.]
Discussion
Overall a clear and consistent under-representation was observed of women at younger ages.  Patterns of under-representation, particularly within SES attributes, were more varied.  The differences between percentages of women within samples and populations were large in some cohort studies, particularly if income/occupation was the attribute under consideration.  
We found under-representation of women under the age of 35 years, notably in the population surveys.  Lower response by young people has been attributed to availability.  Stoop (2005) notes that younger individuals are difficult to contact and engage due to lack of landlines and time spent away from home for work/leisure activities.  Older people may be more willing to participate due to greater ties to their social community (Groves and Couper 1998). 
Some exceptions to under-representation at younger ages were observed, which could have been related to question topics.  For example, Understanding Society included crime and security. The different age profile in that study could suggest that reduced focus upon health may have attracted different ages.  
Recruitment strategies could also have affected response.  Surveys employing methods with reduced direct contact seemed to under-represent women in the youngest and oldest age groups.  Reliance upon charity mailing lists could reduce the younger and older people within the sampling frame because they may have had less disposable income to donate to these organizations.  Interestingly, even when only middle to older aged individuals were the recruitment target, the youngest and oldest age groups were still under-represented in EPIC Norfolk, suggesting that contact methods (e.g. survey literature) may not appeal to all ages.  
Overall, the data showed greater under-representation at higher levels of deprivation, suggesting that women with lower socioeconomic status were less willing to participate.  Groves and Couper (1998)  have attributed this, in part, to pessimism in those with lower socioeconomic status, which is translated into reduced willingness to help organizations viewed as contributors to their difficulties.  However, under-representation was also seen at the lowest level of deprivation.  This finding could perhaps support the idea that availability may be a further barrier to participation.  People with lower incomes may be less accessible to contact due to irregular shift patterns and those with higher income due to long work hours but also staying away from home during leisure hours due to their greater disposable income.
Differences between cohort studies SES also suggested that recruitment strategies and survey topic were influential in response.  Thus, Breakthrough Generations had a relatively large over-representation at the lowest level of deprivation, and this study relied on charity mailing lists and chain or snowball referral methods to contact new participants.  This may have resulted in wealthier individuals contacting people within their social networks who may have been of similar socioeconomic status levels. Finally, as stated above, the Understanding Society study was not simply focused on health but also upon wider social and economic issues.  It is possible that these topics may have had more appeal to those with higher levels of deprivation.
This review showed a pattern of greater under-representation at lower educational levels.  This is not unexpected, in the light of trends found for deprivation, because higher-earners often have more education.  Yet Groves and Couper (1998)  isolated education to specify that greater levels of education may be associated with increased willingness to respond due to ability to see the societal benefits of research.  It would also make intuitive sense that the amount of reading and interpretation required in study materials could be a barrier to participation for populations whose educational attainment is low.   
The data suggest, however, that other factors were involved in the pattern of education and response.  Both EPIC studies used postal recruitment through patient lists from family doctors.  Yet EPIC Norfolk was more successful at representing individuals with lower levels of education than EPIC Oxford.  This may have been due to the fact that the topics were slightly different; the older age range in EPIC Norfolk could have mitigated lower education. EPIC Oxford extended the sampling frame by using vegetarian/vegan organizations.  Interest in this diet may have been more relevant to those with higher educational qualifications, because higher levels of education have been observed in vegetarian groups (e.g. Gale et al. 2007). More difficult to explain were the differences observed in the general population health surveys in which the questionnaires and recruitments strategies were similar.  More research is needed to understand why the WHS seemed more successful at representing populations with lower levels of education.  This cannot be explained by sampling, topic or by prevalence of level 4 education in the population because, while lower than other nations in the UK, this is only by 1% compared with Scotland and by 2% compared with England (Office for National Statistics 2011).
Regarding ethnicity, white women were more likely to be over-represented, and only women classed as ‘Asian’ were under-represented.  The use of boost samples in Understanding Society was successful at recruiting ethnic minorities.  However, the resultant sample could not be used to provide estimates of health risk without statistical adjustment.
Interestingly, the levels of underrepresentation for different age groups were similar over time within the population surveys.  Achieving high overall response rates can mitigate the bias due to the ‘healthy volunteer effect’.  In the current climate of declining response rates; however, it is unlikely that sufficient overall response will be achieved to overcome this source of bias.  Addressing underrepresentation may be a useful strategy to reduce the healthy volunteer effect because it is likely to bring more people from sociodemographic groups at risk (Buck and Frosini 2012) into the sample.  Arguably, some of the differences between population and sample distributions were quite small.  The included studies aimed to provide summary statistics for a population.  However, other research has demonstrated that the prevalence of certain risk behaviors is higher in the under-represented groups than in the rest of the population and that reported reductions in risk behaviors are driven by changes in individuals with higher socioeconomic status (Catto 2008).  Therefore, even these small differences may translate to problematic underestimations of harmful behaviors in the groups who are at greatest risk.  An additional limitation of this work is that we chose to focus upon response patterns by social determinants only in women.  Therefore, we were unable to comment on representation by these factors in men or sex differences in response according to these factors.  
The key strength of this work was the integration of multiple surveys which employed different recruitment strategies and approached different health topics.  However, to achieve this broad overview, it must also be acknowledged that pragmatic decisions had to be taken to integrate such a large amount of data.  Classification differences, related to differences over time and study objectives, made it difficult to compare studies exactly.  For the same reason, certain attributes had to be excluded or reduced to broad categories, as in the case of ethnicity.  A reliance on secondary data also meant that some studies did not contribute data for each sociodemographic attribute.  However, we believe that because the aim of this study was to look at overall patterns, these difficulties did not prevent the aims of the review from being met.  
Conclusion 
The findings of these analyses suggest that health survey results have not been representative of women from all sociodemographic groups in the UK.  If single studies were considered in isolation, clear associations appeared between sociodemographic characteristics and participation.  However, this work is useful because it has integrated the findings from multiple surveys to demonstrate that topic, recruitment strategies and fieldwork strategies may affect response patterns.  Future research should now consider how to identify, reach and engage women in a way that improves sample representativeness.  Over- and under-representation among men included in surveys and studies, and gender differences in over- and under-representation should also be explored.  
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