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Strengths and limitations of this study

 ► This is the first study to investigate the outcomes 
associated with invitation for a National Health 
Service Health Check using a quasi-randomised 
method together with an intention-to-treat analysis.

 ► This study included a large population of 366 005 
participants in a mixture of urban, semiurban and 
rural settings.

 ► Invitation for a Health Check increased detection 
of cardiovascular risk factors, but this translat-
ed into only modest increases in evidence-based 
interventions.

 ► The follow-up of 6 months to 3.5 years limited the 
assessment of patient-relevant outcomes (eg, inci-
dent cardiovascular disease).

 ► There was insufficient information to consider out-
comes related to alcohol consumption and diet.

ABSTRACT
Objective To evaluate uptake, risk factor detection and 
management from the National Health Service (NHS) 
Health Check (HC).
Design This is a quasi-randomised controlled trial where 
participants were allocated to five cohorts based on birth 
year. Four cohorts were invited for an NHS HC between 
April 2011 and March 2015.
Setting 151 general practices in Hampshire, England, UK.
Participants 366 005 participants born 1 April 1940–31 
March 1976 eligible for an NHS HC.
Intervention NHS HC invitation.
Main outcome measures HC attendance and 
absolute percentage changes and ORs of (1) detecting 
cardiovascular disease (CVD) 10-year risk >10% and 
>20%, smokers, and total cholesterol (TC) >5.5 mmol/L 
and >7.5 mmol/L; (2) diagnosing hypertension, type 
2 diabetes mellitus, chronic kidney disease (CKD) and 
atrial fibrillation (AF); and (3) new interventions with 
statins, antihypertensives, antiglycaemics and nicotine 
replacement therapy (NRT).
Results HC attendance rose from 12% to 30% between 
2011/2012 and 2014/2015 (p<0.001). HC invitation 
increased detection of CVD risk >10% (2.0%–3.6, 
p<0.001) and >20% (0.1%–0.6%, p<0.001–0.392), TC 
>5.5 mmol/L (4.1%–7.0%, p<0.001) and >7.5 mmol/L 
(0.3%–0.4% p<0.001), hypertension (0.3%–0.6%, 
p<0.001–0.003), and interventions with statins 
(0.2%–0.9%, p<0.001–0.017) and antihypertensives 
(0.1%–0.6%, p<0.001–0.205). There were no consistent 
differences in detection of smokers, NRT, or diabetes, 
AF or CKD. Multivariate analyses showed associations 
between HC invitation and detecting CVD risk >10% (OR 
8.01, 95% CI 7.34 to 8.73) and >20% (5.86, 4.83 to 7.10), 
TC >5.5 mmol/L (3.72, 3.57 to 3.89) and >7.5 mmol/L 
(2.89, 2.46 to 3.38), and diagnoses of hypertension 
(1.33, 1.20 to 1.47) and diabetes (1.34, 1.12 to 1.61). 
OR of CVD risk >10% plus statin and >20% plus statin, 
respectively, was 2.90 (2.36 to 3.57) and 2.60 (1.92 to 
3.52), and for hypertension plus antihypertensive was 1.33 
(1.18 to 1.50). There were no associations with AF, CKD, 
antiglycaemics or NRT. Detection of several risk factors 
varied inversely by deprivation.
Conclusions HC invitation increased detection of 
cardiovascular risk factors, but corresponding increases in 
evidence-based interventions were modest.

InTRODuCTIOn
Cardiovascular disease (CVD) is a significant 
cause of mortality and morbidity worldwide,1 
and results in substantial global healthcare 
expenditure.2 In 2009, the National Health 
Service (NHS) in England began a Health 
Check (HC) programme with the intention 
of identifying and managing individuals at 
higher risk of CVD or related conditions, such 
as diabetes mellitus and kidney disease, and 
preventing such conditions. This is similar 
to national programmes in other countries 
including Canada3 and USA.4 Modelling by 
the UK Department of Health suggested that 
the NHS HC programme could prevent 1600 
strokes and heart attacks each year, although 
the modelling assumptions, particularly with 
regard to uptake, may have overestimated 
effectiveness.5 More recent estimation of 
the health benefits from microsimulation 
modelling using existing programme data 
suggests that the NHS HC programme results 
in approximately 300 fewer deaths and 1000 
people living free from disease (ischaemic 
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heart disease, stroke, dementia and lung cancer) each 
year in England.6

Patients who are eligible to participate in the NHS HC 
programme are invited for HCs every 5 years. Patients 
are eligible if they are aged 40–74 and have no known 
CVD, diabetes, kidney disease or previous treatment 
with statins. The HC itself is performed in primary care, 
largely in general practice (GP), and comprises an assess-
ment of smoking status, diet, exercise, family history and 
more recently alcohol intake. Measurements are taken of 
body mass index (BMI), waist circumference, blood pres-
sure (BP) and cholesterol, and a 10-year CVD risk score is 
calculated. Patients with systolic BP (SBP) or diastolic BP 
(DBP) ≥140 mm Hg or 90 mm Hg, respectively, have addi-
tional blood tests to measure kidney function. If impaired 
kidney function is detected, that is, an estimated glomer-
ular filtration rate <60 mL/min/1.73 m2, the blood test is 
repeated within 2 weeks to confirm a diagnosis of chronic 
kidney disease (CKD).7 Any HC attendee with BMI 
≥30 kg/m2 (≥25 kg/m2 in non-white ethnic groups) or 
SBP or DBP above ≥140 mm Hg or 90 mm Hg, respectively, 
is also screened for type 2 diabetes mellitus by measuring 
glycated haemoglobin (HbA1c) or fasting glucose. If CVD 
risk factors are newly identified or conditions newly diag-
nosed during the HC, patients are offered appropriate 
management, including lifestyle advice, treatments and 
referrals to local services.

The HC programme has been contentious from its 
inception. There have been concerns of a lack of proven 
effectiveness to justify the yearly expenditure,8 which is 
thought to be around £450 million.9 A systematic review 
of randomised controlled trials found that general health 
checks provide no overall reduction in CVD or cancer 
mortality, only an increase in risk factor recording and 
diagnoses.10 The initial implementation of the NHS HC 
programme suffered early problems, such as low uptake,11 
variable implementation,12 and poor understanding of 
the aims and purpose of the HC among some invitees.13 In 
addition, there were concerns about inequitable distribu-
tion of the HC and a resultant widening of health inequal-
ities.9 Proponents of the NHS HC programme argue that 
existing randomised trials, the most recent of which 
started in 1999, are not representative of more effective 
modern HCs and intervention strategies.14 In addition, 
since the early years, participation has increased, with a 
2018 study reporting that 48.2% of those invited for an 
HC have now attended.15 Strategies have also increased 
uptake among some deprived and ethnic minority popu-
lations to or above the average.16

A number of studies have evaluated the effectiveness of 
the NHS HC programme.16 17 HC attendance has been 
associated with increased CVD risk factor recording, 
detection of hypercholesterolaemia and hypertension, 
and increased prescribing of statins comparing attendees 
and matched non-attendees (HR 1.58, 95% 1.53 to 1.63) 
and antihypertensives (HR 1.06, 95% 1.03 to 1.10).17 HC 
attendees have also been shown to have reduced CVD risk 
scores, BP and serum lipids a year afterwards.18 However, 

a significant limitation of existing studies is that they have 
used observational data comparing HC attendees and 
non-attendees. Only a proportion of those invited for an 
HC actually attend, and those attending are not repre-
sentative of the eligible population.16 17 This study aims 
to evaluate the effect of invitation for an HC (ie, not just 
attendance) in terms of uptake and risk factor detection 
and management in eligible participants.

MeThODS
Study population and data source
This study took place in Hampshire, a region in the south 
of England comprising over 1.5 million residents in a 
mixture of urban, suburban and rural settings. In Hamp-
shire, the HC is commissioned by three local authorities: 
Southampton City Council, Portsmouth City Council and 
Hampshire County Council. The two largest urban areas 
in Hampshire are the cities of Southampton and Ports-
mouth, each with a population of around 200 000–250 000. 
There were 151 GPs that contributed data to this study, 
around 80% of the total in the region. The organisation 
of the HC programme in Hampshire involved assigning 
eligible patients into five separate cohorts. Cohort assign-
ment was based on date of birth (DOB), although the 
cohorts had comparable means and distributions of ages. 
This method of assignment (ie, based on birth year) 
constituted a form of ‘quasi-randomisation’.19 Specifi-
cally, patients with years of birth ending in ‘0’ or ‘5’ were 
assigned to one cohort, ‘1’ or ‘6’ to another cohort, ‘2’ or 
‘7’ to another and so forth, mirroring the quinquennial 
invitation system used for NHS breast cancer screening. 
The first cohort (cohort 1) was invited for an HC in the 
year 1 April 2011–31 March 2012, while the subsequent 
cohorts (cohorts 2–5) were invited in the years beginning 
1 April 2012 to 2015. The study period was from 1 April 
2011 to 31 March 2015. During this time, cohorts 1–4 
were invited for HCs. Cohort 5 was eligible for an HC but 
not invited (ie, until after the follow-up period ended) 
and was our control group. We compared outcomes in 
each of the invited cohorts 1–4 separately against those in 
cohort 5. The exact follow-up periods depended on the 
cohorts being compared and are described below.

The population for this study were eligible for an HC 
on 1 April 2011. This required a DOB between 1 April 
1940 and 31 March 1976 and (as of 1 April 2011) (1) no 
history of vascular disease (eg, coronary artery disease, 
cerebrovascular disease, atherosclerosis, peripheral 
vascular disease or circulatory system disease); (2) no 
previous diagnosis of hypertension, diabetes, CKD, 
atrial fibrillation (AF), heart failure, stroke or transient 
ischaemic attack; and (3) no pre-existing records of 
receiving statin prescription, palliative care, a health 
check or CVD risk assessment. These medical eligi-
bility criteria matched the criteria used locally by GPs 
to identify and invite participants to participate in 
the HC programme. The Read Codes for eligibility 
and outcomes are included as online supplementary 
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Figure 1 Derivation of the study population and five cohorts included in this study. Cohorts 1–4 were invited for HC in the 
years beginning 1 April 2011, 2012, 2013 and 2014, respectively, while cohort 5, which was the control group, was not invited. 
DOB, date of birth; GP, general practice; HC, Health Checks.

information. Using participants’ DOBs, we assigned 
them into cohorts 1–5 to identify the years they were 
invited for an HC between 1 April 2011 and 31 March 
2015 (or not invited in the case of cohort 5). As is 
explained below, for some analyses, we reapplied the 
eligibility criteria to identify participants still eligible 
for an HC at the start of each invitation year.

As there was a temporary pause in sending out HC 
invitations during the first half of the year beginning 
1 April 2012 in the Hampshire County Council Local 
Authority, we excluded patients belonging to cohort 2 
living in that area (~40 000 participants). We excluded 
patients with no recorded DOB (6641) or no GP atten-
dance record before 1 April 2011 (26 774), as we 
assumed that those patients had moved into the area 
after the start of the follow-up. We excluded patients 
with medical records not formatted according to Read 
Codes V.2 (~70 000). In total, we excluded around 35% 
of the population.

We acquired data for this study from the Hampshire 
Health Record Analytical Database (HHRA). At the 
time of the study, the HHRA linked anonymised clinical 
records from 151 primary care practices, secondary care 
(eg, inpatient, outpatient, and accident and emergency) 
from three acute (hospital) NHS trusts, and laboratory 
and pathology tests. The HHRA also contained depriva-
tion indices for the populations served by the included 
GPs. The HHRA covers a registered population of 
around 1.5 million patients. Unfortunately, the organi-
sation or the HHRA is such that some patients who die 
are removed from the database. As such, we did not use 
mortality or CVD events, which frequently result in death, 
as outcomes.

Information extracted and outcome measures
For each participant, we extracted from HHRA data 
concerning HC attendance, age, gender and individual 
level deprivation (Index of Multiple Deprivation (IMD)) 
at baseline. Ethnicity was poorly recorded (50% missing) 
and, in any case, this information was not released for anal-
ysis due to concerns about identifiability. We extracted 
data for the following outcomes: (1) recording of BP, 
total serum cholesterol (TC), smoking status (ie, ‘current 
smoker’, ‘ex-smoker’ and ‘never smoker’), BMI and 
10-year CVD risk score (eg, Framingham and QRISK); (2) 
detection of CVD risk score >10%, CVD risk score >20%, 
current smoker, TC >5.5 mmol/L, TC >7.5 mmol/L and 
BMI >30 kg/m2; (3) new diagnoses of hypertension, AF, 
diabetes and CKD (stage ≥3); and (4) new interventions 
with statins, antihypertensives, antiglycaemic medication, 
nicotine replacement therapy (NRT), antiobesity medica-
tion, stop smoking advice/referral and weight manage-
ment advice/referral. We identified outcomes only where 
corresponding Read Codes had been recorded (eg, we 
did not assume that BMI had been measured just because 
a weight management referral had been made). Data 
were extracted from the HHRA in January 2017.

Follow-up periods and statistical analysis
For each cohort overall and for HC attendees/non-at-
tendees within each cohort separately, we calculated 
baseline means and SD of age, gender and IMD. We calcu-
lated proportions (%) with outcomes occurring between 
1 April 2011 and 31 March 2015. We calculated absolute 
differences in these proportions for each of cohorts 1–4 
vs cohort 5 (ie, invited vs non-invited) as well as the range 
(ie, of absolute differences for cohorts 1–4 vs cohort 5). 
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We also compared proportions with outcomes among 
attendees and non-attendees. χ2 test was used to test for 
equality between proportions.

In the second stage of our analysis, we calculated ORs 
for each outcome. We employed multivariable logistic 
regression models adjusted for age and gender. We 
calculated ORs for each invited cohort (ie, cohorts 1–4) 
separately, with the reference being uninvited cohort 5. 
The rationale for this approach was to capture changes 
in performance over a time period when awareness and 
experience among patients and providers were increasing. 
Evaluation of earlier years (eg, cohort 1) is still of interest 
because of longer follow-up, but the most recently invited 
cohort (ie, cohort 4) may be most reflective of current 
practice. Finally, to examine whether the impact of the 
programme differed by deprivation, we reran the regres-
sion analysis for the most recently invited cohort (ie, 
cohort 4) versus uninvited cohort 5 while including an 
interaction term for IMD.

All analyses were by intention-to-treat. We did sensitivity 
analysis by excluding those who attended opportunisti-
cally. In these analyses, follow-up was from the start of the 
invitation year of the invited cohort until 31 March 2015. 
Specifically, for cohorts 1–4 vs cohort 5, follow-up periods 
were from 1 April 2011, 1 April 2012, 1 April 2013, 1 April 
2014, respectively, until 31 March 2015. We included 
only participants still eligible at the start of the invitation 
year. As invitations were sent out throughout each year 
rather than all at the start, participants were invited on 
average 6 months from the start of their invitation years. 
This corresponds to follow-up periods for comparisons of 
cohorts 1–4 vs cohort 5, respectively, of 3.5, 2.5, 1.5 and 
0.5 years. Data extraction was implemented using SQL 
Server 2008 R2, and statistical analyses were conducted 
using R (V.3.5.1, R Foundation for Statistical Computing, 
Vienna, Austria).20

Patient and public involvement
There were no patients directly involved in the planning 
or design of this study.

ReSulTS
Study sample and baseline characteristics
The derivation of the study population and five cohorts 
is shown in figure 1. There were 399 420 patients who 
met our inclusion criteria and who had medical records 
formatted as Read Codes V.2. From those, we excluded 
6641 without a recorded DOB and a further 26 774 
patients without entries in their health records from 
before 1 April 2011 who likely moved into Hampshire 
after the start of the follow-up period. The remaining 
366 005 participants formed our study population. Table 1 
summarises their baseline characteristics broken down 
into cohorts 1–5. The cohorts had similar proportions of 
male gender (within 1%) and mean deprivation scores 
(within one centile). The cohorts differed more mark-
edly in mean age, although the maximum difference was 
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Figure 2 Histograms showing the distribution of ages within 
the five cohorts.

just 3 years between cohorts 1 and 5. The age differences 
reflected the HC invitation system in Hampshire which, 
as is described above, is based on DOB. However, figure 2 
shows histograms with broadly similar distributions of 
ages within each cohort.

HC attendees in all cohorts were more likely to be 
female, older and less deprived compared with those 
who did not attend (table 1). Proportions within each 
invited cohort (ie, cohorts 1–4) attending HCs increased 
year on year during the follow-up, and for cohorts 1–4 
were 12%, 27%, 28% and 30%, respectively. Despite not 
being formally invited, a number of patients in cohort 
5 attended an HC during the follow-up period. These 
patients had likely responded to local or national adver-
tising for the HC programme or had been offered HCs 
opportunistically by their GPs.

Proportions of risk factor recording, detection, diagnoses and 
interventions
Table 2 summarises the proportions of patients with 
recording and detection of risk factors, new diagnoses 
and new interventions during the follow-up period, which 
varied by cohort. The results are shown for each cohort 
overall and separately for attendees and non-attendees 
within each cohort. Given the large sample size, even 
small differences in proportions between cohorts were 
frequently highly significant (see online supplementary 
information for p values). Proportions generally increased 
year on year for cohorts 1–4, reflecting increasing atten-
dance, and were lowest in the uninvited cohort 5. There 
were significant (p<0.001) increases in absolute propor-
tions in invited cohorts 1–4 with recorded BP (range for 
cohorts 1–4 vs cohort 5=4.9%–7.9%), BMI (5.0%–13.4%), 

TC (8.4%–17.4%), CVD risk (7.4%–19.6%) and smoking 
status (2.8%–7.0%). There were also significant increases 
in detection of CVD risk >10% (2.0%–3.6%), SBP >140/
DBP >90 (1.0%–2.1%), BMI >30 kg/m2 (0.9%–2.5%), TC 
>5.5 mmol/L (4.1%–7.0%) and TC >7.5 mmol/L (0.3%–
0.4%). There were more modest or not consistently 
significant differences in proportions with detected CVD 
risk >20% (0.1%–0.6%) and current smoking (−0.3% to 
0.5%).

The proportions with detection of risk factors among 
those with recordings were lower in the invited cohorts 
(ie, cohorts 1–4) compared with uninvited cohort 5, 
particularly for CVD risk >10% (−11.5% to −2.9%), >20% 
(−6.1% to −1.8%) and BMI >30 kg/m2 (−2.8% to −1.0%). 
Even though smaller absolute numbers of high-risk 
patients were identified by opportunistic testing, these 
data suggest a higher positive predictive value of oppor-
tunistic testing compared with the HC, which may reflect 
the different risk profiles of patients.

HC resulted in minor or no increases in proportions 
with new diagnoses of hypertension (0.3%–0.6%), AF 
(0.0%–0.1%), CKD (0.0%–0.1%) or diabetes (0.0%–
0.1%). There were minor increases in proportions 
receiving statins (0.2%–0.9%), antihypertensives (0.2%–
0.6%) and stop smoking advice (0.4%–0.9%), but no 
consistent difference in antiglycaemics (−0.1% to 0.0%), 
NRT (0.0%) or antiobesity medications (0.0%). There 
was an increase in weight advice/referrals (4.6%–10.5%).

Proportions receiving statins were lower among HC 
invited cohorts compared with non-invited following 
detection of CVD risk >10% (−7.4% to −1.1%) and >20% 
(−5.5% to −1.2%). Similarly, antiglycaemic interventions 
among new cases of diabetes were lower (−3.5% to −1.8%), 
as were new antiobesity prescriptions following detec-
tion of BMI >30 kg/m2 (−0.3% to −0.1%). Differences in 
proportions receiving antihypertensives following new 
hypertension diagnoses were inconsistent (−0.6% to 
0.2%), but there was an increase in proportions among 
HC invitees receiving weight advice/referral following 
detection of BMI >30 kg/m2 (6.0%–13.6%).

ORs of risk factor detection, diagnoses and interventions
Table 3 summarises the ORs and 95% CIs from the 
regression analyses. Compared with uninvited cohort 5 
(including and excluding those who attended opportu-
nistically), the odds of detection of risk factors, new diag-
noses and interventions were generally higher in invited 
cohorts 1–4, and they increased year on year throughout 
the study period. For cohort 4 vs cohort 5, there were 
large and significant increases in the odds of detecting 
CVD risk >10% (OR 8.01, 95% CI 7.34 to 8.73), CVD risk 
>20% (OR 5.86, 95% CI 4.83 to 7.10), TC >5.5 mmol/L 
(OR 3.72, 95% CI 3.57 to 3.89), TC >7.5 mmol/L (OR 
2.89, 95% CI 2.46 to 3.38) and BMI >30 kg/m2 (OR 2.05, 
95% CI 1.96 to 2.14). These may be conservative given 
that the average follow-up was just 6 months, and for 
some participants almost none, while many outcomes 
from the HC would likely take longer to occur. There 
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Table 2 Proportions of participants with risk factor recording/detection, new diagnoses and new interventions in each of the 
five cohorts overall and for HC attendees and non-attendees within each cohort separately

Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5

All Att DNA All Att DNA All Att DNA All Att DNA All Att DNA

Recording (%)

BP 72.3 98.6 68.5 75.2 98.6 67.3 74.3 98.7 66.3 73.3 98.6 64.4 67.3 99.1 65.7

BMI 48.4 97.7 41.4 56.5 98.5 42.3 56.5 98.5 42.5 56.8 98.6 42.2 43.4 98.0 40.6

TC 41.5 97.6 33.6 49.5 97.1 33.6 49.4 97.0 33.6 50.6 97.2 34.2 33.1 96.1 30.0

CVD risk 23.0 89.0 13.7 32.8 89.4 13.8 33.2 89.1 14.7 35.3 92.3 15.3 15.7 90.2 11.9

Smoking status 71.8 98.5 68.1 75.8 98.9 68.0 75.7 98.7 68.1 76.0 98.4 68.2 69.0 98.7 67.6

Detection (%)

CVD risk >10% 7.7 29.0 4.7 9.3 23.0 4.7 9.0 22.2 4.6 8.8 20.7 4.6 5.7 44.5 3.8

% of CVD risk recorded 
with >10%

33.6 32.6 34.5 28.4 25.7 34.3 27.0 24.9 31.1 24.9 22.5 30.1 36.4 49.3 31.5

CVD risk >20% 2.2 8.1 1.3 2.4 5.2 1.4 2.1 4.4 1.3 1.8 3.6 1.2 1.8 15.0 1.1

% of CVD risk recorded 
with >20%

9.4 9.1 9.6 7.2 5.8 10.1 6.3 5.0 9.1 5.1 3.9 7.8 11.2 16.6 9.1

SBP >140 or DBP 
>90 mm Hg

17.8 24.6 16.8 17.5 20.1 16.6 17.3 20.6 16.3 16.6 19.7 15.6 15.7 29.9 14.9

% of BP recorded with 
>140 or >90

24.6 25.0 24.5 23.3 20.4 24.7 23.3 20.8 24.5 22.7 20.0 24.2 23.3 30.2 22.7

Current smoker 20.7 17.0 21.2 20.8 14.6 22.8 20.9 14.4 23.1 21.4 16.3 23.2 20.9 18.4 21.1

% of smoking status 
recorded who currently 
smoke

28.8 17.3 31.1 27.4 14.8 33.6 27.6 14.6 33.9 28.2 16.6 34.1 30.3 18.6 31.2

BMI >30 kg/m2 12.6 18.0 11.9 13.9 17.6 12.7 13.8 17.9 12.4 14.3 19.7 12.3 11.8 20.1 11.4

% BMI recorded with 
>30

26.1 18.5 28.7 24.7 17.9 30.0 24.4 18.2 29.1 25.1 20.0 29.2 27.2 20.5 28.0

TC >5.5 mmol/L 19.1 44.1 15.5 22.0 43.1 14.9 21.4 41.4 14.8 21.6 39.8 15.2 15.0 48.8 13.3

% of TC recorded with 
>5.5 mmol/L

46.0 45.2 46.2 44.3 44.4 44.3 43.3 42.7 43.9 42.7 40.9 44.4 45.3 50.8 44.4

TC >7.5 mmol/L 1.4 2.7 1.2 1.5 2.4 1.2 1.5 2.5 1.1 1.5 2.3 1.3 1.1 3.3 1.0

% of TC recorded with 
>7.5 mmol/L

3.3 2.8 3.6 3.1 2.5 3.6 3.0 2.6 3.3 3.1 2.4 3.8 3.4 3.4 3.4

Diagnoses (%)

Hypertension 4.2 4.7 4.1 4.1 3.7 4.3 3.9 3.0 4.2 4.0 2.5 4.5 3.6 6.5 3.5

% of SBP >140 or DBP 
>90 with hypertension 
diagnosis

18.0 15.1 18.7 17.7 13.6 19.3 17.5 11.5 20.1 17.8 9.3 21.6 17.3 16.4 17.4

AF 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.5 0.4 0.2 0.4 0.4 0.9 0.3

CKD 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.2 0.3 0.3 0.1 0.3 0.2 0.6 0.2

Diabetes 1.3 0.9 1.3 1.2 0.7 1.4 1.3 0.6 1.5 1.3 0.6 1.6 1.2 1.2 1.2

Interventions (%)

Statin 4.9 7.7 4.5 5.0 5.6 4.8 4.4 4.5 4.4 4.3 3.3 4.6 4.0 13.0 3.6

% of CVD >10% 
prescribed statins

22.5 16.5 27.8 18.8 12.7 28.8 17.6 11.4 27.5 16.2 9.3 27.0 23.6 19.0 26.2

% of CVD >20% 
prescribed statins

40.7 31.5 48.8 37.9 28.7 49.4 38.2 27.4 50.2 36.5 23.0 50.8 41.9 33.9 47.5

Antihypertensives 7.6 8.0 7.5 7.7 6.9 7.9 7.3 6.1 7.7 7.2 5.8 7.7 7.1 10.6 6.9

Continued
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Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5

All Att DNA All Att DNA All Att DNA All Att DNA All Att DNA

% of patients with 
hypertension prescribed 
antihypertensives

78.5 79.6 78.3 78.5 77.7 78.7 78.4 79.3 78.2 77.7 77.3 77.8 78.3 85.0 77.7

Antiglycaemics 1.1 0.7 1.2 1.0 0.6 1.2 1.1 0.5 1.3 1.2 0.5 1.4 1.1 1.1 1.1

% of patients with 
diabetes prescribed 
antiglycaemics

74.2 66.7 74.9 74.4 66.7 75.7 74.9 60.5 76.9 73.2 59.2 75.1 76.7 73.1 76.9

NRT 1.1 0.9 1.1 1.1 0.9 1.2 1.1 0.8 1.2 1.1 0.8 1.2 1.1 1.2 1.1

% of current smokers 
prescribed NRT

4.6 4.7 4.5 4.7 5.2 4.6 4.7 5.1 4.7 4.6 4.4 4.6 4.6 6.2 4.6

Stop smoking advice 7.4 9.9 7.1 7.9 8.5 7.8 7.6 7.7 7.5 7.7 8.4 7.5 7.0 10.3 6.9

% of current smokers 
given advice

22.8 26.8 22.4 23.7 24.5 23.5 22.7 23.5 22.6 22.7 23.8 22.5 22.3 25.3 22.1

Weight advice/referral 12.9 55.5 6.8 18.3 52.3 6.8 18.4 51.7 7.4 18.8 49.6 8.0 8.3 55.7 5.9

% of BMI >30 kg/m2 
given advice/referral

26.8 63.2 19.0 31.5 60.1 18.2 33.3 60.0 20.6 34.4 57.7 21.3 20.8 60.8 17.2

Antiobesity 0.3 0.2 0.3 0.3 0.2 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3

% of BMI >30 kg/m2 
prescribed antiobesity

1.8 1.0 2.0 2.0 0.9 2.5 1.8 1.2 2.1 1.8 1.0 2.2 2.1 0.7 2.2

AF, atrial fibrillation; Att, attended; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; 
DBP, diastolic blood pressure; DNA, did not attend; HC, Health Check; NRT, nicotine replacement therapy; SBP, systolic blood pressure; TC, 
total cholesterol.

Table 2 Continued

were significant increases in detection of current smokers 
(OR 1.22, 95% CI 1.18 to 1.26) and elevated BP (OR 1.64, 
95% CI 1.57 to 1.70). There were modest increases in new 
diagnoses of hypertension (OR 1.33, 95% CI 1.20 to 1.47) 
and diabetes (OR 1.34, 95% CI 1.12 to 1.61), but not AF 
(OR 1.00, 95% CI 0.72 to 1.39) or CKD (OR 0.69, 95% CI 
0.36 to 1.32). In terms of new interventions, there were 
increases in weight advice/referrals (OR 8.36, 95% CI 
7.89 to 8.86), stop smoking advice (OR 1.65, 95% CI 1.51 
to 1.79), statins (OR 1.54, 95% CI 1.39 to 1.71) and anti-
hypertensives (OR 1.15, 95% CI 1.06 to 1.24). The ORs 
of CVD risk >10% plus statin or >20% plus statin, respec-
tively, were 2.90 (95% CI 2.36 to 3.57) and 2.60 (95% CI 
1.92 to 3.52). The OR of hypertension diagnosis plus anti-
hypertensive treatment was 1.33 (95% CI 1.18 to 1.50). 
There were no significant differences in prescriptions of 
NRT (OR 0.92, 95% CI 0.71 to 1.20), antiglycaemics (OR 
1.18, 95% CI 0.97 to 1.44) or antiobesity medications (OR 
1.00, 95% CI 0.68 to 1.48).

Table 4 shows the demographics of participants in cohort 
4 who were eligible at the beginning of their invitation 
year stratified according to national IMD quintile. There 
was a disproportionately high number of participants in 
the least deprived quintile, which reflected the affluence 
of the study area compared with the national average. 
The proportion attending an HC was also highest in this 
quintile. Table 5 shows the ORs for outcomes in invited 
cohort 4, with reference to uninvited cohort 5, stratified 

according to national IMD quintile. The effects of IMD 
were significant (at the p=0.05 level) between IMD and 
detection of 10-year CVD risk >10%, SBP >140 or DBP 
>90 mm Hg, BMI >30 kg/m2, TC >5.5 mmol/L and TC 
>7.5 mmol/L, as well as weight advice/referral.

DISCuSSIOn
This study evaluated the NHS HC programme in Hamp-
shire from its implementation in April 2011 until March 
2015. HC attendance following invitation increased year 
on year and as of 2015 was 30%. Attendees were older, 
from less deprived backgrounds and less likely to be male 
than those who were invited but chose not to attend. A 
significant finding was the large increase of up to 17.5% 
in the proportion of patients with measurements of TC 
among HC invited cohorts compared with non-invited. As 
might be expected, this led to large increases in detection 
of elevated TC >5.5 mmol/L and CVD risk >10%, as well 
as TC >7.5 mmol/L and CVD risk >20%. Notwithstanding, 
there were only modest increases in detection plus treat-
ment with statins. Explanations for this might include 
guidance during the study period recommending statins 
for CVD risk >20%, whereas the largest increase was in 
detection of CVD risk >10%. Nonetheless, even among 
those with CVD risk >20%, only 36.5%–40.7% (range 
for the invited cohorts) of participants were prescribed 
statins. This is substantially lower than the 85% used in 
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Table 4 Number of participants and proportion of men and 
HC attendees in cohort 4 according to national IMD quintile, 
where quintile 5 is the least deprived

Q1 Q2 Q3 Q4 Q5

n 3775 9083 10 792 15 098 30 238

% Male 50.8 49.5 47.5 46.4 45.8

% Attended 
HC

24.1 26.7 32.9 37.2 40.7

HC, Health Check; Q, quintile (1=most deprived, 5=least deprived).

Table 5 Age-adjusted and gender-adjusted OR with 95% CI for associations between invitation for an NHS Health Check and 
the detection of CVD risk factors, new diagnoses and interventions

Detection Q1 Q2 Q3 Q4 Q5

CVD risk >10% 3.02 (2.14 to 4.28) 6.15 (4.78 to 7.90) 7.82 (6.21 to 9.84) 7.99 (6.67 to 9.58) 9.67 (8.49 to 11.03)

CVD risk >20% 3.99 (1.88 to 8.48) 5.30 (3.11 to 9.01) 6.96 (4.05 to 11.96) 7.21 (4.63 to 11.21) 5.56 (4.22 to 7.33)

SBP >140 or DBP 
>90 mm Hg

1.36 (1.13 to 1.63) 1.45 (1.30 to 1.63) 1.57 (1.42 to 1.74) 1.70 (1.56 to 1.85) 1.71 (1.61 to 1.82)

Current smoker 1.17 (1.06 to 1.30) 1.16 (1.08 to 1.25) 1.25 (1.16 to 1.35) 1.25 (1.17 to 1.35) 1.25 (1.18 to 1.33)

BMI >30 kg/m2 1.59 (1.36 to 1.86) 1.96 (1.75 to 2.20) 2.12 (1.91 to 2.36) 1.93 (1.75 to 2.12) 2.24 (2.08 to 2.41)

TC >5.5 mmol/L 2.41 (2.02 to 2.87) 3.01 (2.67 to 3.39) 3.37 (3.04 to 3.74) 3.76 (3.43 to 4.11) 4.30 (4.03 to 4.59)

TC >7.5 mmol/L 1.10 (0.63 to 1.93) 3.47 (2.10 to 5.75) 2.09 (1.44 to 3.03) 3.55 (2.44 to 5.16) 3.39 (2.66 to 4.34)

Diagnoses

  HTN 1.65 (1.04 to 2.62) 1.22 (0.92 to 1.61) 1.43 (1.12 to 1.82) 1.23 (0.99 to 1.54) 1.34 (1.14 to 1.57)

  AF 1.77 (0.29 to 10.65) 0.56 (0.19 to 1.64) 1.08 (0.50 to 2.30) 0.98 (0.50 to 1.92) 1.08 (0.65 to 1.79)

  CKD NA* 3.36 (0.35 to 32.44) 0.67 (0.20 to 2.31) 0.48 (0.12 to 1.86) 0.37 (0.10 to 1.36)

  Diabetes 1.32 (0.72 to 2.45) 1.29 (0.83 to 2.01) 1.02 (0.67 to 1.55) 1.15 (0.74 to 1.78) 1.74 (1.27 to 2.37)

Interventions  

  Statin 1.46 (1.00 to 2.12) 1.39 (1.06 to 1.82) 1.37 (1.06 to 1.77) 1.50 (1.19 to 1.89) 1.76 (1.48 to 2.09)

  Antihypertensive 1.20 (0.90 to 1.60) 1.17 (0.95 to 1.43) 1.19 (0.99 to 1.43) 1.14 (0.96 to 1.35) 1.13 (1.00 to 1.27)

  Antiglycaemics 1.15 (0.60 to 2.22) 1.05 (0.65 to 1.69) 1.04 (0.66 to 1.63) 1.04 (0.63 to 1.70) 1.44 (1.03 to 2.00)

  Nicotine replace 1.54 (0.75 to 3.17) 0.54 (0.28 to 1.03) 1.14 (0.63 to 2.08) 0.63 (0.36 to 1.09) 1.31 (0.75 to 2.28)

  Stop smoking advice 1.84 (1.33 to 2.54) 1.46 (1.18 to 1.81) 1.48 (1.23 to 1.79) 1.62 (1.34 to 1.95) 1.82 (1.58 to 2.10)

Weight advice/referral 4.48 (3.60 to 5.59) 6.42 (5.47 to 7.53) 7.68 (6.63 to 8.89) 8.17 (7.21 to 9.25) 10.21 (9.32 to 11.18)

Antiobesity 0.82 (0.29 to 2.32) 0.56 (0.21 to 1.48) 0.95 (0.44 to 2.05) 1.09 (0.45 to 2.62) 2.16 (0.87 to 5.36)

CVD risk >10% and statin 1.14 (0.48 to 2.70) 3.32 (1.94 to 5.66) 2.53 (1.52 to 4.20) 3.00 (1.90 to 4.71) 3.24 (2.34 to 4.49)

CVD risk >20% and statin 1.49 (0.45 to 4.96) 3.12 (1.52 to 6.41) 2.20 (1.00 to 4.85) 3.25 (1.55 to 6.81) 2.57 (1.63 to 4.05)

HTN and antihypertensive 1.35 (0.77 to 2.35) 1.35 (0.97 to 1.87) 1.21 (0.91 to 1.60) 1.26 (0.96 to 1.65) 1.41 (1.17 to 1.70)

Results are shown for invited cohort 4, with reference to uninvited cohort 5, stratified according to IMD quintile, where Q5 is the least 
deprived. The outcomes with a significant interaction (p<0.05) with IMD are shown in bold.
*Not applicable (insufficient data).
AF, atrial fibrillation; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; 
HTN, hypertension; IMD, Index of Multiple Deprivation; NHS, National Health Service; Q, quintile (1=most deprived, 5=least deprived); 
SBP, systolic blood pressure; TC, total cholesterol.

modelling studies by the Department of Health.5 In the 
uninvited group, rates of statin prescriptions following 
identification of CVD risk >20% were slightly higher 
(41.9%), but still lower than expected. Accordingly, there 
may be a more general issue relating to the step-up from 
risk factor identification to diagnosis, and from diagnosis 
to treatment across GPs that would represent a missed 

opportunity at a population level for primary preven-
tion of CVD. More specifically to the HC, there is a lack 
of a defined follow-up pathway following identification 
of increased 10-year CVD risk. Public Health England 
commissions and pays for the HC itself, but follow-up is 
then a cost to GPs, which may be a barrier.

Statin prescription rates may have increased since the 
study period, as updated National Institute for Health 
and Care Excellence (NICE) guidance now recom-
mends statins for CVD risk >10% and a recent large and 
well-publicised review reported a more favourable risk/
benefit profile of statins than thought previously.21 Statin 
prescription rates resulting from an HC may also be 
higher outside of Hampshire, as they are known to vary 
locally.22

Other notable findings of this study included increased 
detection of elevated BP among HC invited cohorts, as 
well as modest increases in new diagnoses of hyperten-
sion and treatment. Those attending HCs were more 



10 Kennedy O, et al. BMJ Open 2019;9:e029420. doi:10.1136/bmjopen-2019-029420

Open access 

likely to be diagnosed with diabetes, but the corre-
sponding increase in prescriptions of antiglycaemics 
did not reach significance. According to HC guidance, 
diabetes screening is performed only in those deemed ‘at 
risk’ with BMI ≥30 kg/m2 (≥25 kg/m2 in non-white ethnic 
groups) or SBP or DBP above ≥140 mm Hg or 90 mm Hg. 
Data regarding the sensitivity of these criteria are limited, 
but one study in the USA reported that a BMI cut-off 
of ≥25 kg/m2 ‘would miss 36% of Asian Americans with 
newly diagnosed type 2 diabetes’,23 so the HC may also 
have missed cases.

There was no significant increase in new diagnoses of 
CKD. This was likely because kidney function tests were 
performed only in HC patients with SBP or DBP ≥140 mm 
Hg or 90 mm Hg. A formal diagnosis of CKD would have 
required a repeat blood test, something which would 
need to have been organised by the GP and agreed to by 
the patient.

The HC did not result in any significant increase in new 
diagnoses of AF. NICE hypertension clinical guideline 
127 states that practitioners should manually palpate the 
pulse before measuring BP.24 However, this may not have 
been performed consistently or reliably during the HC. 
Manual palpation is not necessary with electronic sphyg-
momanometers, and any patient with an irregular pulse 
would have further required an ECG to diagnose AF.

There were increases in detection of smokers and BMI 
>30 kg/m2, as well as corresponding increases in lifestyle 
advice/referrals, particularly for high BMI. However, 
there was no significant difference in NRT or antiobesity 
medications.

The HC had lower positive predictive values (or yield) 
for detection of risk factors than checks performed 
opportunistically. Most notably, lower proportions of CVD 
risk scores measured during the HC were >10% (−11.5% 
to −2.9%) and >20% (−6.1% to −1.8%). This may have 
been because GPs targeted opportunistic checks at those 
who were already symptomatic or because HC attendees 
were healthier with a lower prevalence of risk factors. 
A recent cohort study of 18 GPs in South London also 
found that participants taking up an opportunistic HC 
were at higher CVD risk (17% of invited HC and 22% 
of opportunistic HC with CVD risk score ≥10%), and 
that in younger adults in more deprived areas the oppor-
tunistic HC constituted a higher proportion of all HCs 
performed. It was concluded that GPs were successfully 
targeting groups at higher risk who may otherwise face 
barriers to attendance at a prearranged HC.25

In the final year of this study, uptake of the HC was 
highest among participants in the least deprived national 
IMD quintile (40.7%) and lowest in the most deprived 
(24.1%). There was evidence of better performance of 
the HC among less deprived participants for detection of 
10-year CVD risk >10%, SBP >140 mm Hg or DBP >90 mm 
Hg, BMI, TC >5.5 mmol/L and TC >7.5 mmol/L, and 
weight advice/referral. However, the precise effect of 
deprivation was difficult to estimate given the competing 
effects of differences in HC uptake (lowest in the most 

deprived quintile), the frequency of risk variable (highest 
in the most deprived quintile) and differing sample sizes 
(ie, power to test/reject the null hypothesis). Primary 
care management may also have played a role, but the 
lack of difference by deprivation in prescribing rates in 
those detected suggests this was not a key factor.

Our findings build on existing evidence that attendees 
tend to be older, female and non-smokers.16 26 The observa-
tion in this study that HC attendees were less likely to come 
from more deprived socioeconomic groups is reflected 
by some studies,27 although not by others.16 26 Reasons 
for an inconsistent effect of deprivation are unclear, but 
may relate to local variation in targeting of high CVD risk 
individuals, who are over-represented in more deprived 
groups. An example of such targeting was reported by a 
study in East London, which found no effect of depriva-
tion, where GPs were paid more for HCs that involved 
detection of higher CVD risk scores.22 In Hampshire, 
including the cities of Southampton and Portsmouth, 
there was no clear incentive to detect high CVD risk nor 
specific targeting of deprived communities.

Earlier studies report associations between HC atten-
dance and increased recording and detection of CVD 
risk factors and use of interventions.17 It has also been 
shown that a year after completing an HC, attendees have 
modest but significant reductions in CVD risk scores, 
DBP, TC levels and lipid ratios.18 However, Chang et al26 
found that only a third of HC attendees with CVD risk 
scores >20% go on to be prescribed statins, slightly lower 
than that observed in the present study (36.5%–40.7%). 
Reasons for low prescription rates among high-risk groups 
are unclear, but patient refusal might be important and 
requires further research. Similar to this study, Smith et 
al28 reported a limited effect of HC attendance on detec-
tion rates and treatment of diabetes, which as is explained 
above is likely because measuring blood glucose or HbA1c 
is not a standard part of the HC.

The increases in proportions of new prescriptions we 
observed were smaller than those found in two large 
previous matched studies.17 26 This is to be expected given 
that those studies compared attendees versus non-at-
tendees, whereas we considered invitees versus non-in-
vitees. Given that not everybody invited for an HC will 
attend, our approach is more likely to be representative 
of the effect of the HC programme overall.

Strengths of this study included the biggest sample 
size to date for an HC study, comprising 277 274 patients 
invited for an HC and 88 731 patients who were not. It is 
the first HC study to employ a quasi-randomised method 
and an intention-to-treat analysis. Specifically, patients 
were allocated to either HC invited or non-invited group 
according to their DOBs. We were able to evaluate the 
HC programme at the level of invitation, which is advan-
tageous compared with previous studies which compared 
attendance versus non-attendance. There were also weak-
nesses in our methods. First, our follow-up periods were 
short, varying from an average of 6 months (cohort 4) to 
3.5 years (cohort 1). Process outcomes may have occurred 
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after the end of follow-up, particularly in the case of new 
treatments that may have required further appointments 
and monitoring (eg, for new prescriptions of antihyper-
tensives). In addition, we were unable to observe clini-
cally important outcomes, such as incident CVD. For 
every 100 people invited for an HC in 2012/2013, an 
extra one person was prescribed a statin. Based on a litera-
ture-reported number needed to treat (NNT) for primary 
prevention of cardiovascular events,29 one event may be 
prevented for every 560 people invited for an HC, but this 
estimation does not account for duration of treatment 
or adherence. Improving NNTs would require greater 
uptake of the HC and/or greater prescribing among 
those with identified CVD risk. A second limitation of our 
study was that we were missing all data, including at base-
line, for an unknown number of patients who died during 
the follow-up, which was a consequence of how our data 
source, the HHRA, was organised. These deaths will selec-
tively have reduced numbers of those at highest risk from 
our population. They will tend to have been in poorer 
and higher risk groups, and therefore less likely to attend 
an HC. The numbers would have been balanced between 
the cohorts, so should not have affected our between-co-
hort comparisons. However, they might have reduced 
the overall risk profile, and differentially within cohorts 
favour attendance. A third limitation was contamination 
bias, as some patients in the uninvited group attended 
an HC. Contamination was largely inevitable given adver-
tising and public awareness of the HC and given that all 
included GPs were involved in delivering the programme. 
Contamination likely led to an underestimation of the 
effectiveness of the HC programme in our study. Fourth, 
we had limited details on some factors, including diet 
and alcohol intake, and non-medical interventions, such 
as lifestyle advice. Lifestyle advice may have ranged from 
brief general advice to individually tailored advice with 
subsequent follow-up. However, such variation likely had 
a small effect on our results given an earlier study that 
reported a lack of an association between the intensity 
of lifestyle advice as part of an HC and related CVD risk 
reduction.30 Fifth, there were potential coding errors or 
omissions by GPs in recording attendance, measurements, 
diagnoses and interventions. This may have been partic-
ularly problematic for cohort 1 because Read Codes for 
HC completion were only released in 2012, after the start 
of the invitation year. Failure of GPs to code attendance 
retrospectively (ie, once the Read Codes were available) 
may, in part, explain why there was lower recorded HC 
attendance in cohort 1 compared with the other cohorts. 
Otherwise, coding errors would have affected the inter-
vention and non-intervention groups equally. Sixth, we 
missed data on HC undertaken in community pharma-
cies and other non-GP settings, although this was a small 
minority. Our population was not necessarily representa-
tive of the UK, and we had no data on ethnicity. Hamp-
shire does comprise significant urban, suburban and 
rural populations, but the proportion of ethnic minori-
ties is lower than the national average and this may limit 

the generalisability of our results. Seventh, we excluded 
around 35% of the eligible population. This was because 
of problems with the invitation system, missing DOBs, 
Read Codes not formatted according to version 2 and 
unknown invitation status for some participants (eg, 
because of moving into the study area after the start of the 
follow-up period). However, these exclusions would have 
been equal across the cohorts. Finally, our study period 
ended in 2015, and clinical guidance as well as engage-
ment by GPs and patients with the HC programme may 
have changed since then.

In conclusion, this study evaluated the NHS HC 
programme and showed that participation increased year 
on year between 2011 and 2015. The HC programme 
resulted in large increases in the detection of patients 
with CVD risk factors, particularly raised cholesterol and 
10-year CVD risk scores >10%. There were corresponding, 
although smaller, increases in certain evidence-based 
medical therapies, most notably statins. However, rates 
of uptake, diagnosis and treatment were well below those 
expected by the Department of Health.5 Future work 
should focus on improving uptake, including through 
use of non-GP settings (eg, pharmacy and so on)31 and 
by better communication of the programme32 33 and invi-
tation methods driven by behavioural insights.34 Further 
support is also required in decision making for patients 
and GPs following identification of new risk factors as part 
of the NHS HC, potentially including incentivisation (eg, 
payment by results). Finally, further studies are needed 
to assess the longer-term effects of the HC on clinical 
outcomes and health inequalities.
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