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Abstract

Background

Diabetes and hypertension are key risk factors for coronary heart disease. Prevalence of

both conditions is socio-economically patterned. Awareness of presence of the conditions

may influence risk behaviour and use of preventative services. Our aim was to examine

whether there were socio-economic differences in awareness of hypertension and diabetes

in a UK population.

Method

Data from the Scottish Health Survey was used to compare self-reported awareness of

hypertension and diabetes amongst those found on examination to have these conditions,

by socioeconomic position (SEP) (measured by occupation, education and income). Odds

ratios of self-reported awareness against presence, and the sensitivity, specificity and pre-

dictive value of self-reporting as a measure of the presence of the condition, were

calculated.

Results

Presence and self-reported awareness of both conditions increased as SEP decreased, on

most measures. There was only one significant difference in awareness by SEP once other

factors had been taken into account. Sensitivity showed that those in the most disadvan-

taged groups were most likely to self-report awareness of their hypertension, and specificity

showed that those in the least disadvantaged groups were most likely to self-report aware-

ness of its absence. There were few differences of note for diabetes.
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Conclusion

We found no consistent pattern in the associations between SEP and the presence and

self-reported awareness of hypertension and diabetes amongst those with these conditions.

Without evidence of differences, it is important that universal approaches continue to be

applied to the identification and management of those at risk of these and other conditions

that underpin cardiovascular disease.

Introduction
Cardiovascular disease (CVD) remains one of the major causes of premature death and disabil-
ity in the UK [1] and worldwide.[2] Hypertension and diabetes are key risk factors for CVD,
with their prevalence (in developed countries) being inversely related to socio-economic posi-
tion (SEP).[3–5] The Scottish Health Survey (SHS) 2011 [6] reported that almost one in three
adults (32.5%) in Scotland had hypertension and 7.6% of adults had diabetes. However, an
individual may not be aware that they have these conditions. In the SHS over half of hyperten-
sion was untreated and almost one third of diabetes was undiagnosed.[6] Similarly, it has been
estimated that there may be 5 million people in England who are unaware of their hyperten-
sion.[7]

The concept of health literacy [8] and the links between educational attainment and health
behaviours [9–11] both suggest that awareness of conditions that can be symptomless, like
hypertension and type 2 diabetes, would increase with SEP. Health literacy has been defined as
“The cognitive and social skills which determine the motivation and ability of individuals to gain
access to, understand and use information in ways which promote and maintain good health”.
[12] These skills provide tools that enable people to understand messages from health provid-
ers, for example about the results of tests indicating a diagnosis. But health literacy is also an
asset, increasing the ability to take greater control over life events and the motivation to make
positive judgements about health and lifestyle choices.[8–11,13] Poorer health literacy has
been associated with poorer understanding of and adherence to medical advice, less use of
health services, and worse health outcomes.[13] The ability to identify groups of individuals
who are more likely to have low levels of awareness of treatable risk factors should help practi-
tioners better target such groups for secondary prevention–and, if awareness (measured by
self-reporting of conditions) is socio-economically patterned, tackle inequalities.

Studies examining the relationship between the self-reported awareness of diabetes or
hypertension and SEP do not identify a consistent pattern of association between the two.
Where self-reported awareness has been found to increase with SEP, this is often attributed to
the better education associated with socio-economic affluence. However, previous studies have
been conducted in contexts very different from the UK and generalisability to the UK may be
limited.[14–23] The one UK study we are aware of [24] found lower awareness of coronary
heart disease (CHD) risk status amongst those in more poorly paid work, but was restricted to
a working age population.

The aim of this research was to examine, in a population-representative cohort of adults,
whether there were socio-economic differences in self-reported awareness of hypertension and
diabetes amongst those in whom these conditions were present on examination. The aim of the
study was fulfilled although few significant differences were identified.
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Methods

Data source, availability and ethics
The SHS is an annual cross-sectional survey [25,26] of a representative sample of the population
of Scotland, with the aim of providing a comprehensive profile of the nation’s health. A random
sample of private households is selected, from the Postcode Address File, with up to 10 adults and
two children being eligible for interview at each sampled address. All those who agree to partici-
pate are interviewed, and data is gathered on their health, health-related behaviours, use of health-
care, and socio-demographic factors. In the period covered by this study, a sub-sample of one in
six participants was invited to take part in a nurse examination including measurement of height
and weight, blood pressure and the collection of urine and blood samples–analysed for, amongst
other things, glycated haemoglobin. The SHS thus provides data on both self-reported awareness
and clinical measurement of hypertension and diabetes, as well as on SEP, allowing examination
of the relationship between SEP and the awareness and presence of these conditions.

A consolidated dataset covering four years of the survey (2008–11) was provided by the SHS
team. The data are available to eligible, UK-based researchers, directly from the UK Data
Archive (http://discover.ukdataservice.ac.uk/series/?sn=2000047).

The SHS is conducted under ethical approval granted independently from the study. This
research did not require additional approval as it was a secondary analysis of anonymised data.

Variables of Interest
Variables of interest fell into three groups: the awareness of a diagnosis of hypertension and
diabetes; the presence of these two conditions; and SEP.

During the interview, participants were asked whether they had ever been diagnosed with
high blood pressure or diabetes (no distinction was made between Types 1 and 2) by a doctor:
we identified those self-reporting “yes” as aware of their condition. The presence of hyperten-
sion was determined at clinical examination as blood pressure of systolic>140 or diastolic
>90 mm Hg,[27,28] based on the average of the last two of three readings. Those who were not
found to be hypertensive at examination but who were taking anti-hypertensive medication
were also identified as hypertensive. The presence of diabetes on examination was defined as
glycated haemoglobin of 6.5% or above [29,30] based on a non-fasting sample.

Socio-economic position was measured using individual educational attainment, individual
occupational social class and household income. Each was grouped into three levels for analy-
sis. Educational attainment was categorised as “no qualifications”, “school level qualifications”
and “post-school level qualifications”. The National Statistics Socio-Economic Classification
system [31] was used to classify occupational social class as: routine and manual; intermediate;
and higher managerial, administrative and professional, based on the individual’s current or
most recent occupation. Household income was based on total household income from all
sources, including earnings, pensions and benefits, equivalised for household composition
using the McClements’ scale.[26,32] This was grouped into tertiles for analysis.

A number of factors known or hypothesised to confound the relationship between the pres-
ence or awareness of the conditions and SEP were included in the analysis. These were: sex,
age, ethnicity (white British or other), living with a partner or not,[33] being a current smoker
or not, drinking more alcohol than recommended or not, eating less than five portions of fruit
and vegetables per day or not, being less physically active than recommended or not, having a
body mass index of 25 or more or not, self-reporting less than good general health versus good
or very good [34] and living in a rural area or not.[35] Full details of the questions used to
ascertain these variables are provided in the SHS documentation.[36]
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Participants in the study
From 2008–11, there were 4273 participants in the SHS who were examined by a nurse, and
these people comprised our sample. Of these 4273, those missing information on self-reported
awareness, presence of the conditions or the different measures of SEP (e.g. for occupation
those who had never worked or did not provide information) were excluded, leaving a sample
of 3131 (73.3% of interviewees) for inclusion in the hypertension analyses, and 2761 for diabe-
tes (64.6%). The great majority of attrition was due to absence of information on the presence
of diabetes or hypertension–i.e. respondents had declined to give a blood sample or have their
blood pressure checked.

The SHS data is provided with a weighting variable that adjusts for selective non-response
to both the research interview and nurse visit. The weighting variable was applied in all analy-
ses. This resulted in a final effective sample size of 3035 for hypertension and 2696 for diabetes.

Table 1 shows the characterisitics of this (weighted) population.

Statistical analysis
Logistic regression models were constructed to compare self-reported awareness amongst
those with the conditions across levels of SEP, controlling for confounding factors. The least
disadvantaged level of SEP was used as the baseline.

The sensitivity, specificity, positive and negative predictive value (PPV and NPV) [37] of
using self-reported awareness as a ‘screening test’ for presence of the conditions were calculated
for each of the three levels of each measure of SEP to determine if the accuracy of awareness of

Table 1. Participant characteristics and demographics.

Variable Level Hypertension, N (%)1 Diabetes, N (%)1

Measures of SEP

Occupational social class Managerial & professional 1129 (37.2) 1018 (37.8)

Intermediate 626 (20.6) 542 (20.1)

Routine and manual 1280 (42.2) 1136 (42.1)

Educational attainment Post-school qualifications 1280 (42.2) 1117 (41.4)

School level qualifications 1215 (40.0) 1084 (40.2)

No qualifications 539 (17.8) 494 (18.3)

Household income Highest 782 (25.8) 705 (26.2)

Middle 1295 (42.7) 1136 (42.2)

Lowest 957 (31.5) 854 (31.7)

Confounding variables

Age Mean age (median) 47.9 (47.0) 48.0 (47.0)

Sex Male 1468 (48.4) 1341 (49.7)

Ethnicity Not white British 185 (6.1) 150 (5.6)

Marital status Not married/living with a partner 446 (14.7) 406 (15.1)

Smoking Current smoker 633 (20.9) 664 (24.6)

Alcohol Drinking more than recommended 1381 (45.5) 1268 (47.0)

Diet Eating <5 portions of fruit and vegetables per day 2345 (77.3) 2089 (77.5)

Physical activity Being less physically active than recommended 1869 (61.6) 1622 (60.2)

BMI BMI of 25 or more 1898 (62.5) 1689 (62.6)

General health Self-reporting less than good general health 656 (21.6) 563 (20.9)

Access Living in a remote area 301 (9.9) 276 (10.2)

1totals may vary due to application of weighting

doi:10.1371/journal.pone.0139928.t001
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the conditions varied by SEP, with 95% confidence intervals being used to determine statistical
significance.

Results
Tables 2 and 3 show the presence and self-reported awareness of hypertension and diabetes by
the three measures of SEP. The awareness and presence of both conditions increased signifi-
cantly as SEP decreased (χ2 test for trend), except when presence of diabetes was considered by
occupational social class.

Tables 4 and 5 show the odds of self-reported awareness of hypertension or diabetes where
the condition was present, by markers of SEP, before and after adjustment for potential con-
founding variables. The unadjusted analysis showed some significant differences in awareness
of hypertension by SEP. However, most of these associations were extinguished by adjustment.
After full adjustment, the only significant difference that remained was lower awareness of
hypertension when this was present in those in the intermediate, compared to the managerial
and professional, social class. No differences in awareness of diabetes, when it was present,
were seen by any marker of SEP, either in the unadjusted or adjusted analysis.

Associations between potential confounders and awareness of conditions in those in whom
these were present were not the focus of our study but, for all measures of SEP, older age, high
BMI and poor self-reported general wellbeing were significantly associated with higher self-
reported awareness of hypertension. For diabetes, the only variable significantly associated
with greater self-reported awareness was living alone (data not shown).

Tables 6 and 7 set out sensitivity, specificity, PPV and NPV (and 95% confidence intervals)
of self-reported awareness for the two conditions, overall and by levels of SEP. The sensitivity
showed that overall 55.5% of those with hypertension and 63.3% of those with diabetes self-
reported awareness of their condition. Positive predictive values indicated that almost 1 in 4
(24.2%) of those who self-reported hypertension and 1 in 6 (17%) of those who self-reported
diabetes did not have the conditions on examination. The specificity showed that of those who

Table 2. Awareness and presence of hypertension by three markers of socio-economic position, Scottish Health Survey, 2008–11.

Marker of socio-economic
position

Level Total, n (column
%)1

Awareness of hypertension, n
(row %)

Presence of hypertension, n
(row %)

Occupational social class Managerial &
professional

1129 (37.2) 235 (20.8) 329 (29.1)

Intermediate 626 (20.6) 135 (21.6) 202 (32.3)

Routine and manual 1280 (42.2) 357 (27.9) 460 (35.9)

χ2 (p-value) 16.9 (<0.01) 12.6 (<0.01)

Educational attainment Post-school
qualifications

1280 (42.2) 236 (18.4) 338 (26.4)

School level
qualifications

1215 (40.0) 269 (22.1) 365 (30.0)

No qualifications 539 (17.8) 222 (41.1) 287 (53.2)

χ2 (p-value) 89.4 (<0.01) 101.1 (<0.01)

Household income Highest 782 (25.8) 127 (16.2) 178 (22.8)

Middle 1295 (42.7) 299 (23.1) 427 (33.0)

Lowest 957 (31.5) 301 (31.5) 385 (40.2)

χ2 (p-value) 55.6 (<0.01) 59.1 (<0.01)

Total 3035 727 (23.9) 991 (32.7)

1totals may vary due to rounding from the application of weighting

doi:10.1371/journal.pone.0139928.t002
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did not have hypertension and diabetes, respectively 91.4% and 99.1% correctly identified this,
whilst NPV showed that for hypertension 80.9% and for diabetes 97.6% of those who self-
reported they had not been diagnosed did not have the condition. Confidence intervals were
generally wider for sensitivity and PPV, but narrower for specificity and NPV, and note there
was just one significant difference in either sensitivity or PPV for either condition.

There was a general trend for sensitivity of awareness of hypertension to increase, and speci-
ficity and NPV to decrease, as SEP decreased, but there was no pattern in respect of PPV.
Some, scattered, significant differences were seen, as indicated by non-overlap of 95% confi-
dence intervals. Sensitivity was significantly higher amongst the least educated compared to

Table 3. Awareness and presence of diabetes by three markers of socio-economic position, Scottish Health Survey, 2008–11.

Marker of socio-economic
position

Level Total, n (column
%)1

Awareness of diabetes, n (row
%)

Presence of diabetes, n (row
%)

Occupational social class Managerial &
professional

1018 (37.8) 41 (4.0) 54 (5.3)

Intermediate 542 (20.1) 19 (3.5) 33 (6.1)

Routine and manual 1136 (42.1) 69 (6.1) 82 (7.2)

χ2 (p-value) 5.1 (0.02) 3.4 (0.07)

Educational attainment Post-school
qualifications

1117 (41.4) 35 (3.1) 49 (4.4)

School level
qualifications

1084 (40.2) 41 (3.8) 57 (5.3)

No qualifications 494 (18.3) 52 (10.5) 63 (12.8)

χ2 (p-value) 32.7 (<0.01) 32.7 (<0.01)

Household income Highest 705 (26.2) 17 (2.4) 25 (3.5)

Middle 1136 (42.2) 54 (4.8) 72 (6.3)

Lowest 854 (31.7) 57 (6.7) 72 (8.4)

χ2 (p-value) 15.4 (<0.01) 15.6 (<0.01)

Total 2696 129 (4.8) 169 (6.3)

1totals may vary due to rounding from the application of weighting

doi:10.1371/journal.pone.0139928.t003

Table 4. Socio-economic differences in awareness of hypertension in those in whom it is present, Scottish Health Survey, 2008–11.

Marker of socio-
economic position

Level Awareness of hypertension in those in
whom it is present, n (row %)

Unadjusted Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)1

Occupational social class Managerial &
professional

185 (56.2) Reference Reference

Intermediate 96 (47.8) 0.71 (0.50–1.01) 0.65 (0.44–0.98)

Routine and manual 269 (58.5) 1.10 (0.82–1.46) 0.87 (0.62–1.21)

Educational attainment Post-school
qualifications

175 (51.6) Reference Reference

School level
qualifications

195 (53.3) 1.07 (0.79–1.43) 1.03 (0.73–1.43)

No qualifications 181 (63.1) 1.59 (1.16–2.19) 0.89 (0.60–1.31)

Household income Highest 90 (50.3) Reference Reference

Middle 233 (54.6) 1.19 (0.84–1.69) 0.95 (0.64–1.40)

Lowest 227 (59.0) 1.43 (1.00–2.04) 0.77 (0.51–1.18)

1adjusted for smoking, alcohol consumption, diet, level of physical activity, BMI, self-reported general health, access, ethnicity, age, sex and living alone

doi:10.1371/journal.pone.0139928.t004

CVD Risk Factors, Awareness & Socioeconomic Status

PLOS ONE | DOI:10.1371/journal.pone.0139928 October 14, 2015 6 / 13



the highest. Specificity was significantly lower for all measures of SEP in the most disadvan-
taged when compared with the least disadvantaged; however although for all measures of SEP
the middle group had higher specificity than the most disadvantaged and lower specificity than
the least disadvantaged group, few of these differences were significant.

In respect of diabetes, there was no overall pattern in sensitivity or PPV values by markers
of SEP, and there were no significant differences between levels of SEP: note the confidence
intervals are wide. Specificity values were high throughout, but were statistically significantly
lower for those in the least educated and lowest income groups, compared to the highest. Speci-
ficity was also significantly lower in the least educated than the middle level. NPVs were also
high throughout, but statistically significantly lower for those in the least educated group com-
pared to the highest and middle groups.

Table 5. Socio-economic differences in awareness of diabetes in those in whom it is present, Scottish Health Survey, 2008–11.

Marker of socio-
economic position

Level Awareness of diabetes in those in whom it
is present, n (row %)

Unadjusted Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)1

Occupational social class Managerial &
professional

33 (60.0) Reference Reference

Intermediate 18 (52.9) 0.74 (0.31–1.76) 0.64 (0.22–1.80)

Routine and manual 57 (69.5) 1.54 (0.75–3.16) 1.32 (0.55–3.22)

Educational attainment Post-school
qualifications

31 (63.3) Reference Reference

School level
qualifications

37 (63.8) 1.00 (0.45–2.20) 0.91 (0.36–2.33)

No qualifications 39 (61.9) 0.93 (0.43–2.02) 1.16 (0.43–3.18)

Household income Highest 16 (61.5) Reference Reference

Middle 45 (62.5) 1.02 (0.40–2.59) 0.91 (0.30–2.70)

Lowest 47 (64.4) 1.14 (0.45–2.91) 1.42 (0.43–4.65)

1adjusted for smoking, alcohol consumption, diet, level of physical activity, BMI, self-reported general health, access, ethnicity, age, sex and living alone

doi:10.1371/journal.pone.0139928.t005

Table 6. Sensitivity, specificity, positive and negative predictive values of awareness of hypertension by markers of socio-economic position,
Scottish Health Survey, 2008–11.

Marker of socio-economic position Level Sensitivity, (95% CI) Specificity, (95% CI) PPV, (95% CI) NPV, (95% CI)

All 55.5 (52.4–58.6) 91.4 (90.2–92.6) 75.8 (72.6–78.9) 80.9 (79.3–82.5)

Occupational social class Managerial & professional 56.2 (50.9–61.6) 93.8 (92.1–95.4) 78.7 (73.5–84.0) 83.9 (81.5–86.3)

Intermediate 47.8 (40.9–54.7) 91.0 (88.3–93.8) 71.6 (64.0–79.3) 78.6 (75.0–82.2)

Routine and manual 58.5 (54.0–63.0) 89.3 (87.2–91.4) 75.4 (70.9–79.8) 79.3 (76.7–81.9)

Educational attainment Post-school qualifications 51.6 (46.3–56.9) 93.5 (92.0–95.1) 74.2 (68.6–79.7) 84.3 (82.1–86.5)

School level qualifications 53.3 (48.2–58.4) 91.2 (89.3–93.1) 72.2 (66.9–77.6) 81.9 (79.5–84.4)

No qualifications 63.1 (57.5–68.7) 83.8 (79.3–88.3) 81.5 (76.4–86.6) 66.7 (61.5–71.9)

Household income Highest 50.3 (43.0–57.6) 93.9 (92.0–95.8) 70.9 (63.0–78.8) 86.4 (83.8–89.1)

Middle 54.6 (49.8–59.3) 92.4 (90.6–94.2) 77.9 (73.2–82.6) 80.5 (78.1–83.0)

Lowest 59.0 (54.2–63.9) 87.2 (84.5–90.0) 75.7 (70.8–80.5) 73.9 (72.6–79.2)

Bold indicates significantly different from the least disadvantaged level

doi:10.1371/journal.pone.0139928.t006
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Discussion

Statement of principal findings
This is the first UK study we are aware of that has examined the relationship between SEP and
self-reported awareness of hypertension or diabetes amongst those with the conditions, in a
whole population sample. In general, the presence and self-reported awareness of both condi-
tions increased as SEP decreased, but there were few socio-economic differences in awareness
amongst those in whom hypertension or diabetes was present. There was some evidence that
those in the most disadvantaged groups were most likely to be aware they had hypertension
and those in the least disadvantaged groups were most likely to be aware they did not have
hypertension or diabetes.

Strengths and weaknesses of the study
The use of a population representative cohort increases the generalizability of our findings and
our results are likely to apply across the UK. Generalizability to other countries is unknown.
Differences in health care and social contexts may limit international comparisons.

Previous studies often focused on a subset of the population–by age,[19,21,22,24,33] work,
[24] ethnicity [20] or geography [14]–and their inconsistent findings may reflect this. Other
whole population studies found an inverse relationship between SEP and awareness,[18,38] as
we did, or no significant results.[23]

We used multiple measures of SEP. Previous studies largely focused on education
[14,18,20–23,33,38] though some also reported on income [14,19,21–23] and one on occupa-
tion.[33] Our study is unique in examining three measures of SEP, allowing us to consider the
impact of different dimensions of SEP.

The variables in the dataset enabled us to identify those whose hypertension was controlled
by medication (and include them as hypertensive). The same was not possible for any individu-
als whose glycated haemoglobin levels were maintained below 6.5% through medication, as
this was not provided in the dataset–this may have reduced the numbers for diabetes. The rela-
tively small number of participants with diabetes meant that these analyses lack statistical
power (as shown by wide 95% confidence intervals). Future studies using larger cohorts may
provide more evidence on this topic.

Table 7. Sensitivity, specificity, positive and negative predictive values of awareness of diabetes by markers of socio-economic position, Scottish
Health Survey, 2008–11.

Marker of socio-economic position Level Sensitivity, (95% CI) Specificity, (95% CI) PPV, (95% CI) NPV, (95% CI)

All 63.3 (56.1–70.6) 99.1 (98.8–99.5) 83.0 (76.5–89.4) 97.6 (97.0–98.2)

Occupational social class Managerial & professional 60.0 (47.1–73.0) 99.2 (98.6–99.7) 80.5 (68.4–92.6) 97.8 (96.8–98.7)

Intermediate 52.9 (36.2–69.7) 99.8 (99.4–100) 94.7 (84.7–100) 96.9 (95.5–98.4)

Routine and manual 69.5 (59.6–79.5) 98.9 (98.2–99.5) 82.6 (73.7–91.6) 97.7 (96.8–98.6)

Educational attainment Post-school qualifications 63.3 (49.8–76.8) 99.6 (99.2–100) 88.6 (78.0–99.1) 98.3 (97.6–99.1)

School level qualifications 63.8 (51.4–76.2) 99.6 (99.2–100) 90.2 (81.2–99.3) 98.0 (97.1–98.8)

No qualifications 61.9 (49.9–73.9) 97.0 (95.4–98.6) 75.0 (63.2–86.8) 94.6 (92.5–96.7)

Household income Highest 61.5 (42.8–80.2) 99.9 (99.6–100) 94.1 (82.9–100) 98.6 (97.7–99.4)

Middle 62.5 (51.3–73.7) 99.2 (98.6–99.7) 83.3 (73.4–93.3) 97.5 (96.6–98.4)

Lowest 64.4 (53.4–75.4) 98.6 (97.8–99.4) 81.0 (71.0–91.1) 96.7 (95.5–98.0)

Bold indicates significantly different from the least disadvantaged level

doi:10.1371/journal.pone.0139928.t007
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Our analysis (data not shown) found some differences by SEP between those who were
included in the study and excluded because of missing information on self-reported awareness,
presence of the conditions or the different measures of SEP. This may have meant that those in
the most disadvantaged groups were further under-represented, and weighting may not have
compensated sufficiently for this.

Those with cognitive impairment may also have been under-represented: those with severe
cognitive impairment may be less likely to have taken part in the study and also be less likely to
be aware. Those with mild cognitive impairment may be less likely to be aware and still take
part. We did not consider the impact of this.

Many of the variables included as potential confounders were self-reported and may be
open to both error and bias [26]. Under-reporting of risk will be independent of the objective
presence of the conditions, but may be linked to awareness. As with any epidemiological study,
it is also possible that uncontrolled confounding is still present.

There may have been slight under-reporting of awareness, as we relied wholly on the self-
report of a diagnosis, and did not explore other markers of awareness, such as reporting use of
medication to control their condition.

We were unable to distinguish between type 1 and type 2 diabetes and this may reduce the
strength of any effect seen in relation to diabetes: it is unlikely that individuals with T1 diabetes
would be unaware of this. Furthermore, the presence of diabetes was determined from a non-
fasting sample: this may not represent clinical best practice, but this was the measure provided
in the SHS data, and we can anticipate that response rates would be negatively affected by the
requirement for a fasting sample.

Our study was limited in the conditions that we were able to examine: we required condi-
tions where the SHS provided data on both the presence (via the nurse examination) and
awareness (based on self-report of diagnosis by a doctor). We would, for example, have also
examined hypercholesterolemia, but the SHS dataset only included data on its presence, not on
awareness.

Interpretation and implications
We did not find a consistent socio-economic pattern in the relationship between self-reported
awareness and the clinical presence of hypertension and diabetes. Known socio-economic dif-
ferences in health literacy [11,39] mean it might be expected that there would be greater aware-
ness of the conditions amongst the less disadvantaged. However, this was not the case: self-
reported awareness of hypertension, and sensitivity of self-reported awareness, increased with
prevalence, which increased with disadvantage.

One possible explanation is that those from more disadvantaged backgrounds generally
have poorer health [40] and have higher consultation rates for GP appointments.[41] As a
result they may be more likely to have had their blood pressure measured and been advised of
their hypertension. Alternatively a herd effect may develop: the more common a condition is
in a particular community or social group, the more awareness of it grows. Furthermore, those
from more disadvantaged socio-economic backgrounds are likely to have lower health expecta-
tions and see health status as a result of fate.[42–44] These low expectations may be affirmed
by diagnosis, hence higher awareness.

Our findings appear to be at odds with a previous UK study [24] which found evidence of
lower awareness of CHD risk amongst those in lower employment grades. The reasons for this
difference are not clear, but could include differences in study methodology and population.
The previous study included a physical examination, the results of which were sent to partici-
pants by letter, informing them of their CHD risk; participants were subsequently asked
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whether they had ever been informed they were at risk of CHD. The SHS asked for recall of
diagnosis by a doctor, which may be more memorable, hence recall being more closely associ-
ated with prevalence.

However, the overall sensitivity results showed there were many people who were not aware
of their hypertension or diabetes, which has significant implications for their health and well-
being. As this phenomenon was present across all levels of SEP, efforts to raise awareness of
signs and symptoms, and make secondary preventive services available to all,[1] must continue
throughout the population–although the higher prevalence in more disadvantaged groups
underlines the importance of targeting primary prevention.

The high specificity of self-reporting suggests if someone does not have hypertension or dia-
betes they are usually aware of this–particularly in less disadvantaged groups.

The fall in NPV as SEP decreased is likely to be explained by the increasing prevalence.[37]
However, for the same reason we might have expected differences in PPV by SEP, but this was
not generally seen. This may have been a result of a small sample size–confidence intervals
were wide–or be explained by factors other than SEP, such as age differences, which we were
unable to adjust for when calculating sensitivity, specificity, NPV and PPV.

Furthermore, the PPVs show there were large numbers across all socio-economic groups
who reported having the disease when it was not present. This is perhaps understandable for
hypertension, which can be reduced through lifestyle changes, but less so in respect of diabetes,
which is in effect a lifelong condition once acquired. However, one explanation may be that
individuals whose glycated haemoglobin levels were controlled by medication were not identi-
fied as having diabetes, unlike the equivalents for hypertension.

Many of these issues could be explored further using qualitative research methods–for
example into the factors that influence awareness, and the reasons for people self-reporting
having a condition when it is not clinically present.

Further research into awareness of other risk factors, such as hypercholesterolemia and
chronic kidney disease, could also be of benefit, for example using data from the Health Survey
For England.

Lastly, awareness of the condition is not the same as understanding the consequences for
the individual’s health and of the changes in lifestyle (for example) that may be advisable,
which may be socio-economically patterned.[8] The communication between clinicians and
their patients remains key to influencing behaviour.

Conclusions
We found no consistent pattern in the associations between socio-economic position and self-
reported awareness of the presence of hypertension and diabetes amongst those with these con-
ditions. Without evidence of differences, it is important that universal approaches continue to
be applied to the identification and management of those at risk of these and other conditions
that underpin cardiovascular disease–but evidence of differences in prevalence underlines the
importance of targeted primary prevention activity. We found some evidence that those in the
most disadvantaged groups were most likely to be aware they had hypertension and those in
the least disadvantaged groups were most likely to be aware they did not have hypertension or
diabetes.

Public Health practitioners and clinicians working in primary care must continue to focus
on prevention to reduce the presence and progression of conditions such as diabetes and
hypertension, and raise awareness amongst all socioeconomic groups of their risk factors and
symptoms.

CVD Risk Factors, Awareness & Socioeconomic Status

PLOS ONE | DOI:10.1371/journal.pone.0139928 October 14, 2015 10 / 13



Acknowledgments
The support of the Scottish Health Survey office, who provided the data and assisted with
enquiries on the dataset, is gratefully acknowledged.

Author Contributions
Conceived and designed the experiments: JA GT LF. Analyzed the data: GT. Wrote the paper:
JA GT LF.

References
1. National Institute of Health and Care Excellence (2010) PH 25 Prevention of cardiovascular disease In:

Department of Health, editor. UK: National Institute of Health and Care Excellence.

2. Di Cesare M, Khang Y, Asaria P, Blakely T, Cowan M, Farzadfar F, et al. (2013) Inequalities in non-
communicable diseases and effective responses. The Lancet 381: 585–597.

3. NICE (2011) Preventing type 2 diabetes—population and community interventions (PH35). In: Depart-
ment of Health, editor: NICE—National Institute for Health and Care Excellence.

4. Dalstra J, Kunst A, Borrell C, Breeze E, Cambois E, Costa G, et al. (2005) Socioeconomic differences
in the prevalence of common chronic diseases: an overview of eight European countries. Int J Epide-
miol 34: 316–326. PMID: 15737978

5. Grotto I, Huerta M, Sharabi Y (2008) Hypertension and socioeconomic status. Curr Opin Cardiol 23:
335–339. doi: 10.1097/HCO.0b013e3283021c70 PMID: 18520717

6. Rutherford L, Sharp C, Bromley C (2011) The Scottish Health Survey 2011—Volume 1: Adults. Edin-
burgh: The Scottish Government.

7. Public Health England (2013) Cardiovascular disease key facts: 7 Hypertension. Available: www.
yhpho.org.uk/resource/view.aspx?RID=188005

8. Nutbeam D (2008) The evolving concept of health literacy. Soc Sci Med 67: 2072–2078. doi: 10.1016/j.
socscimed.2008.09.050 PMID: 18952344

9. Fine L, Philogene F, Gramling R, Coups E, Sinha S (2004) Prevalence of Multiple Chronic Disease
Risk Factors: 2001 National Health Interview Survey. Am J Prev Med 27: 18–24. PMID: 15275670

10. Drieskens S, Van Oyen H, Demarest S, Van Der Heyden J, Gisle L, Tafforeau J (2009) Multiple risk
behaviour: increasing socio-economic gap over time? Eur J Public Health 20: 634–639. doi: 10.1093/
eurpub/ckp185 PMID: 19933780

11. DeWalt D, Berkman N, Sheridan S, Lohr K, Pignone M (2004) Literacy and Health Outcomes: A Sys-
tematic Review of the Literature. J Gen Intern Med 19: 1228–1239. PMID: 15610334

12. Nutbeam D (1998) Health Promotion Glossary. Health Promot Int 13: 349–364.

13. Berkman N, Sheridan S, Donahue K, Halpern D, Crotty K (2011) Low health literacy and health out-
comes: an updated systematic review. Ann Intern Med 155: 97–107. doi: 10.7326/0003-4819-155-2-
201107190-00005 PMID: 21768583

14. Cai L, Dong J, Shu Z, Lu Y, Tao J (2011) Socioeconomic differences in diabetes prevalence, aware-
ness and treatment in rural southwest China. Trop Med Int Health 16: 1070–1076. doi: 10.1111/j.1365-
3156.2011.02805.x PMID: 21668591

15. Porapakkham Y, Pattaraarchachai J, AekplakornW (2008) Prevalence, awareness, treatment and con-
trol of hypertension and diabetes mellitus among the elderly: the 2004 National Health Examination
Survey III, Thailand. Singapore Med J 49.

16. Wu S, Li C, Ke D (2000) The agreement between self-reporting and clinical diagnosis for seleceted
medical conditions among the elderly in Taiwan. Public Health 114: 137–142. PMID: 10800154

17. Moreira G, Cipullo J, Martin J, Ciorlia LA, Godoy MR, Cesarino CB, et al. (2009) Evaluation of the
awareness, control and cost effectiveness of hypertension treatment in a Brazilian city: populational
study. J Hypertens 27: 1900–1907. doi: 10.1097/HJH.0b013e32832dd10f PMID: 19587607

18. Delpierre C, Lauwers-Cances V, Datta G, Berkman L, Lang T (2009) Impact of Social Position on the
Effect of Cardiovascular Risk Factors on Self-Rated Health. Am J Public Health 99: 1278–1284. doi:
10.2105/AJPH.2008.147934 PMID: 19443823

19. Howard G, Prineas R, Moy C, CushmanM, KellumM, Temple E, et al. (2006) Racial and geographic
differences in awareness, treatment and control of hypertension: the reasons for geographic and racial
differences in stroke study. Stroke 37: 1171–1178. PMID: 16556884

CVD Risk Factors, Awareness & Socioeconomic Status

PLOS ONE | DOI:10.1371/journal.pone.0139928 October 14, 2015 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/15737978
http://dx.doi.org/10.1097/HCO.0b013e3283021c70
http://www.ncbi.nlm.nih.gov/pubmed/18520717
http://www.yhpho.org.uk/resource/view.aspx?RID=188005
http://www.yhpho.org.uk/resource/view.aspx?RID=188005
http://dx.doi.org/10.1016/j.socscimed.2008.09.050
http://dx.doi.org/10.1016/j.socscimed.2008.09.050
http://www.ncbi.nlm.nih.gov/pubmed/18952344
http://www.ncbi.nlm.nih.gov/pubmed/15275670
http://dx.doi.org/10.1093/eurpub/ckp185
http://dx.doi.org/10.1093/eurpub/ckp185
http://www.ncbi.nlm.nih.gov/pubmed/19933780
http://www.ncbi.nlm.nih.gov/pubmed/15610334
http://dx.doi.org/10.7326/0003-4819-155-2-201107190-00005
http://dx.doi.org/10.7326/0003-4819-155-2-201107190-00005
http://www.ncbi.nlm.nih.gov/pubmed/21768583
http://dx.doi.org/10.1111/j.1365-3156.2011.02805.x
http://dx.doi.org/10.1111/j.1365-3156.2011.02805.x
http://www.ncbi.nlm.nih.gov/pubmed/21668591
http://www.ncbi.nlm.nih.gov/pubmed/10800154
http://dx.doi.org/10.1097/HJH.0b013e32832dd10f
http://www.ncbi.nlm.nih.gov/pubmed/19587607
http://dx.doi.org/10.2105/AJPH.2008.147934
http://www.ncbi.nlm.nih.gov/pubmed/19443823
http://www.ncbi.nlm.nih.gov/pubmed/16556884


20. Hertz R, Unger A, Ferrario C (2006) Diabetes, Hypertension, and Dyslipidemia in Mexican Americans
and non-Hispanic Whites. Am J Prev Med 30: 103–110. PMID: 16459207

21. McDonald M, Hertz R, Unger A, Lustik M (2009) Prevalence, awareness and management of hyperten-
sion, dyslipidemia and diabetes among United States adults aged 65 and older. J Gerontol A 64: 256–
263.

22. Nguyen Q, Waddell E, Thomas J, Huston S, Kerker B, Gwynn R (2011) Awareness, treatment and con-
trol of hypertension and hypercholesterolemia among insured residents of New York City, 2004. Prev
Chronic Dis 8: A109. PMID: 21843412

23. Wyatt S, Akylbekova E, Wofford M, Coady S, Walker E, AndrewM, et al. (2008) Prevalence, aware-
ness, treatment and control of hypertension in the Jackson heart study. Hypertension 51: 650–656 doi:
10.1161/HYPERTENSIONAHA.107.100081 PMID: 18268140

24. Forde I, Chandola T, Raine R, Kivimaki M, Chandola T (2011) Socioeconomic and ethnic differences in
use of lipid-lowering drugs after deregulation of simvastatin in UK: TheWhitehall II prospective cohort
study. Atherosclerosis 215: 223–228. doi: 10.1016/j.atherosclerosis.2010.12.012 PMID: 21227420

25. The Scottish Government (2014) Scottish Health Survey—design and content. Available: http://www.
scotland.gov.uk/Topics/Statistics/Browse/Health/scottish-health-survey/SurveyDesignContent

26. Rutherford L, Sharp C, Bromley C (2012) The Scottish Health Survey 2011: Volume 3—Technical
Report. In: The Scottish Government, editor. Edinburgh: National Statistics p.56.

27. National Institute for Health and Care Excellence (2011) Hypertension: Clinical management of primary
hypertension in adults (CG127). In: Department of Health, editor. UK: National Institute for Health and
Care Excellence.

28. Ramsay L, Williams B, Johnston G, Macgregor G, Poston L, Potter J, et al. (1999) Guidelines for man-
agement of hypertension: report of the Third Working Party of the British Hypertension Society, 1999. J
Hum Hypertens 13: 569–592. PMID: 10482967

29. The International Expert Committee (2009) International Expert Committee Report on the Role of the
A1C Assay in the Diagnosis of Diabetes. Diabetes Care 32: 1327–1334. doi: 10.2337/dc09-9033
PMID: 19502545

30. The National Collaborating Centre for Chronic Conditions (2008) Type 2 Diabetes. National clinical
guideline for management in primary and secondary care (update). 978-1-86016-333-3.

31. Rose D, Pevalin D, O‘Reilly K (2005) The National Statistics Socio-economic Classification: origins,
development and use. Hampshire: Palgrave Macmillan.

32. Chanfreau J, Burchardt T (2008) Equivalence scales: rationales, uses and assumptions. Available:
http://www.scotland.gov.uk/Resource/Doc/933/0079961.pdf

33. Van Rossum C, Van de Mheen H, Witteman J, Hofman A, Mackenbach J, Grobbee D (2000) Preva-
lence, Treatment and Control of Hypertension by Sociodemographic Factors among the Dutch Elderly.
Hypertension 35: 814–821. PMID: 10720600

34. Adams J, White M (2006) Is the disease risk associated with good self-reported health constant across
the socio-economic spectrum? Public Health 120: 70–75. PMID: 16198383

35. Smith K, Humphreys J, Wilson M (2008) Addressing the health disadvantage of rural populations: how
does epidemiological evidence inform rural health policies and research? Aust J Rural Health 16: 56–
66. doi: 10.1111/j.1440-1584.2008.00953.x PMID: 18318846

36. Scottish Centre for Social Research, Department of Epidemiology and Public Health UCL, The MRC
Social and Public Health Sciences Unit G Scottish Health Survey 2011. Dataset Documentation. Avail-
able: http://www.gov.scot/Publications/2009/09/28102003/146

37. Kirkwood E, Sterne J (2003) The Evaluation Of Diagnostic Tests. Essential Medical Statistics. 2nd ed.
Oxford: Blackwell Publishing.

38. Molenaar E, Van Ameijden E, Grobbee D, Numans M (2007) Comparison of routine care self-reported
and biometrical data on hypertension and diabetes: results of the Utrecht Health Project. Eur J Public
Health 17: 199–205. PMID: 16887835

39. Protheroe J, NutbeamD, Rowlands G (2009) Health literacy: a necessity for increasing participation in
health care. Br J Gen Pract 59: 721–723. doi: 10.3399/bjgp09X472584 PMID: 19843420

40. Marmot M, Allen J, Goldblatt P, Boyce T, McNeish D, Grady M, et al. (February 2010) Fair Society
Healthy Lives. Available: www.ucl.ac.uk/marmotreview

41. Campbell S, Roland M (1996) Why do people consult the doctor? Fam Pract 13: 75–83. PMID:
8671107

42. Annandale E (2003) Gender differences in Health. In: Taylor S, Field D, editors. Sociology of Health
and Health Care. 3rd ed. Oxford: Blackwell.

CVD Risk Factors, Awareness & Socioeconomic Status

PLOS ONE | DOI:10.1371/journal.pone.0139928 October 14, 2015 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/16459207
http://www.ncbi.nlm.nih.gov/pubmed/21843412
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.100081
http://www.ncbi.nlm.nih.gov/pubmed/18268140
http://dx.doi.org/10.1016/j.atherosclerosis.2010.12.012
http://www.ncbi.nlm.nih.gov/pubmed/21227420
http://www.scotland.gov.uk/Topics/Statistics/Browse/Health/scottish-health-survey/SurveyDesignContent
http://www.scotland.gov.uk/Topics/Statistics/Browse/Health/scottish-health-survey/SurveyDesignContent
http://www.ncbi.nlm.nih.gov/pubmed/10482967
http://dx.doi.org/10.2337/dc09-9033
http://www.ncbi.nlm.nih.gov/pubmed/19502545
http://www.scotland.gov.uk/Resource/Doc/933/0079961.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10720600
http://www.ncbi.nlm.nih.gov/pubmed/16198383
http://dx.doi.org/10.1111/j.1440-1584.2008.00953.x
http://www.ncbi.nlm.nih.gov/pubmed/18318846
http://www.gov.scot/Publications/2009/09/28102003/146
http://www.ncbi.nlm.nih.gov/pubmed/16887835
http://dx.doi.org/10.3399/bjgp09X472584
http://www.ncbi.nlm.nih.gov/pubmed/19843420
http://www.ucl.ac.uk/marmotreview
http://www.ncbi.nlm.nih.gov/pubmed/8671107


43. Wardle J, Steptoe A (2003) Socioeconomic differences in attitudes and beliefs about healthy lifestyles.
J Epidemiol Community Health 57: 440–443. PMID: 12775791

44. Adams J, Stamp E, Nettle D, Milne E, Jagger C (2014) Socioeconomic position and the association
between anticipated and actual survival in older English adults. J Epidemiol Community Health 68:
818–825. doi: 10.1136/jech-2014-203872 PMID: 24829254

CVD Risk Factors, Awareness & Socioeconomic Status

PLOS ONE | DOI:10.1371/journal.pone.0139928 October 14, 2015 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/12775791
http://dx.doi.org/10.1136/jech-2014-203872
http://www.ncbi.nlm.nih.gov/pubmed/24829254

