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Abstract

Objective. Favourable trends in cardiovascular disease (CVD) risk factors at the population
level potentially mask differences within high- and low-risk groups. Data from annual,
repeated cross-sectional surveys (Health Survey for England 2003-18) was used to examine
trends in the prevalence of key CVD risk factors by body massindex (BMI) category among
adults aged 16 years or older (n=115,860).

Methods. Six risk factors were investigated: (i) current cigarette smoking; (ii) physical
inactivity (<30 minutes of moderate-to-vigorous physical activity per week); (iii) drinking
above recommended daily alcohal limits; (iv) hypertension (measured blood pressure
>140/90mmHg or use of medicine prescribed for high blood pressure); (v) total diabetes
(reported diagnosed or elevated glycated haemoglobin); and (vi) raised total cholesterol
(>5mmol/L). Age-standardised risk factor prevalence was computed in each four-year time
period (2003-06; 2007-10; 2011-14; 2015-18) in all adults and by BMI category (normal -
weight; overweight; obesity). Changein risk factor prevalence on the absolute scale was
computed as the difference between the first and last time-periods, expressed in percentage
points (PP).

Results. Risk factor change varied by BMI category in anumber of cases. Current smoking
prevalence fell more sharply for normal-weight men (-8.1 PP; 95% CI: -10.3, -5.8) versus
men with obesity (-3.8 PP; 95% ClI: -6.2, -1.4). Hypertension remained at a stable level
among normal-weight men but decreased among men with obesity (-4.1 PP; 95% Cl: -7.1, -
1.0). Total diabetes remained at a stable level among normal-weight adults, but increased
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among adults with obesity (men: 3.5 PP; 95% CI: 1.2, 5.7; women: 3.6 PP; 95% CI: 1.8, 5.4).
Raised total cholesterol decreased in al BMI groups, but fell more sharply among women
with obesity (-21 PP; 95% CI: -25, -17) versus their normal-weight counterparts (-16 PP;
95% Cl: -18, -14).

Conclusions. Relative to adults with normal weight, greater reductions in hypertension and
raised total cholesterol among adults with overweight and obesity reflect at least in part
improvements in screening, treatment and control among those at highest cardiovascular risk.
Higher levels of risk factor prevalence among adults with overweight and obesity, in parallel
with rising diabetes, highlight the importance of national prevention efforts to combat the
public health impact of excess adiposity.
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I ntroduction

A large body of individual-level epidemiologic studies have documented the higher rates of
cardiovascular disease (CVD) outcomes associated independently with modifiable risk
factors (1, 2). For example, excess body weight accounted for approximately four million
deaths worldwide in 2015; CVD accounted for nearly 70% of deaths related to high body
mass index (BMI), of which more than 60% occurred among persons with obesity (3). At the
population level, halting the rise of diabetes and obesity, and reducing levels of other CVD
risk factors such as current tobacco use, harmful use of alcohoal, insufficient physical activity
(PA), intake of salt/sodium, and high blood pressure (BP) is amajor World Health
Organization (WHO) global target for reducing overall mortality from the four main non-
communicable diseases (NCDs) by 25% in 2025 relative to 2010 levels (4).

Obesity prevalence among adults has markedly increased in England over the past 25 years,
rising from 16% in 1994 to 28% in 2018 (5), with contributory factors including increasesin
the availability and affordability of energy dense foods (3) and environmental barriers to PA.
At the same time, prevention efforts via greater chronic disease management may have led to
sub-groups of the population at higher risk being screened and tested more frequently (6),
potentially improving CVD risk factor profiles through lifestyle advice and/or
pharmacological treatment of high levels of BP, cholesterol and blood glucose.

Monitoring equity in risk factor reduction requires establishing whether any favourable trends
at the population level have been achieved equally within high- and low-risk subgroups,
including BMI groups (6-8). Risk factor trends at the population level in England has been
investigated previously, including studies that assessed secular changes at the upper tail of the
BMI distribution (9). Stability or favourable/unfavourable change in the prevalence of risk
factors at the population level potentially masks divergent trends by BMI group. To date,
however, no studies have examined trends in both the prevalence and management of CVD
risk factors by BMI category in England. Using data from annual, repeated cross-sectional
surveys of adults spanning 16 years (Health Survey for England 2003-18), we examined
change over timein the prevalence of six key CVD risk factors (4) - smoking, physical
inactivity, harmful alcohol consumption, hypertension, diabetes and raised total cholesterol -

by BMI category.
Methods

Health Survey for England
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The Health Survey for England (HSE) is aseries of annual surveys designed to measure
health and health-related behaviours. Details of the survey methods have been published
elsewhere (10). Briefly, new, nationally-representative samples of people living in private
households were drawn annually using multistage stratified probability sampling. All adults
(aged 16 years or older) at each selected household were eligible. Data were collected at two
home visits. First, an interviewer administered a questionnaire on socio-demographic
variables, lifestyle behaviours, genera health, and self-reported morbidity, and measured
height and weight. Secondly, a nurse visited and asked further questions, including current
prescribed medication, and collected BP and additional anthropometric measurements and

non-fasting blood samples.

Data on height, weight, cigarette smoking and alcohol consumption were collected annually.
BP collection took place annually except for 2004 (except for minority ethnic groups); blood
samples for cholesterol were taken in 2003, 2006, and each year from 2011 onwards.
Information on self-reported diagnosed diabetes and the measurement of glycated
haemoglobin (as a marker for undiagnosed diabetes) was collected in 2006, and in each year
from 2009 onwards. For the present study we used comparable self-reported physical activity
data collected in 2008, 2012, and 2016; alcohol data from 2007 onwards was used to account
for the new set of questions on wine consumption (11). Response rates declined over the
study-period; estimated response rates were 66% in 2003 and 54% in 2018 (interview); 77%
in 2003 and 51% in 2018 (nurse-visit); and 58% in 2003 and 38% in 2018 (blood-samples).
Ethical approval was obtained from an NHS Research Ethics Committee prior to starting
each year’s survey. Each participant gave verbal consent to be interviewed, visited by a
nurse, and have BP and anthropometric measurements taken, and written consent for blood

sampling. No specific approval was required for the present analyses of anonymised data.
Definitions of key variables
BMI and other CVD risk factors

Height and weight measurements by trained interviewers were taken using standardised
protocols. Height was measured using a portable stadiometer with a sliding head plate, a base
plate and connecting rods marked with a measuring scale. One measurement was taken with
the head positioned in the Frankfort plane. Digital scales were used for weight measurement.
A single measurement was recorded: participants who were pregnant, unable to stand, or

unsteady on their feet were not weighed. BMI was calculated as weight in kilogrammes
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divided by height in metres squared (kg/m?), and the WHO classification was used to group
participants into four mutually exclusive categories: underweight (<18.5kg/ mz); normal-
weight (18.5-24.9kg/m?); overweight (25.0-29.9kg/m?); and obesity (>30.0kg/m?) (12). In
addition, we present separate estimates for class | obesity (30.0-34.9kg/m?) and classes || and
11l combined (hereafter referred to as class |1-111 obesity: >35.0kg/m?).

All risk factors were dichotomised. Self-reported cigarette smoking status was categorised as
non- (never smokers, ex-regular smokers) and current smokers. Participants were classified
as physically inactive if they spent less than 30 ‘equivalent’” minutes aweek engaged in
moderate-to-vigorous PA (MVPA), where 1 minute of vigorous PA was equivalent to 2
minutes of moderate PA: details of the PA questionnaire used in the HSE series are described
elsewhere (13). Participants who had consumed alcohol in the last week were asked questions
on the amounts of different types of alcohol drunk on the day they drank most. For the
purposes of the present study, excess drinking was defined as drinking over the recommended
daily limits on the heaviest drinking day (4 and 3 units for men and women, respectively)
(11). New recommendations introduced in 2016 replaced daily limits with a recommended
weekly limit; the threshold based on daily limits was chosen to make use of routinely

collected information on the heaviest drinking day.

At the nurse visit, three BP readings were taken from each participant in a seated position at
1-minute intervals with use of an appropriately sized cuff after a 5-minute rest, following a
standardised protocol using an Omron digital monitor (Omron HEM-907, Omron Healthcare
Co Ltd, Kyoto, Japan). Participants who had exercised, eaten, drunk acohol, or smoked in
the 30 minutes before measurements were excluded from analyses. The mean of the second
and third BP readings were used. Survey defined hypertension was defined as systolic blood
pressure (SBP) >140mmHg, diastolic blood pressure (DBP) >90mmHg, or reported taking
medi cation prescribed for high BP. We defined three indicators of hypertension management
— diagnosed, treated and controlled — using the subset of participants classified as
hypertensive as the denominator. Diagnosed hypertension was defined as a self-report of
having been diagnosed as having high BP by a doctor or nurse (only arandom subsampl e of
persons aged 65 years or over was asked this question in HSE 2006, requiring use of a
specific weight). Treated hypertension was defined as a self-report of taking prescribed
medication for high BP. Controlled hypertension was defined as having BP levels below
recommended target levels (<140/90mmHg) (14).
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Participants who reported that their doctor had diagnosed them as having diabetes were
classified as having doctor-diagnosed diabetes. Glycated haemoglobin (HbA 1) was measured
from EDTA-blood samples and determined by high-performance liquid chromatography
using an automated analyser. Those not reporting diagnosed diabetes were classified as
having undiagnosed diabetes if HbA 1. was >6.5% (prior to HSE 2012) or >48mmol/mol
(HSE 2012-18). Total diabetes was having doctor-diagnosed or undiagnosed (15). Blood
samples were taken for serum total and high-density lipoprotein (HDL) cholesterol. Raised
total cholesterol was defined as >5 millimoles per litre (mmol/L) regardless of lipid lowering
medication use, reflecting National Institute of Health and Clinical Excellence (NICE)
guidelines (16). Adjustments to the measured values of HbA ¢ (from the final quarter of HSE
2013 onwards) and total cholesterol (HSE 2011-16) were applied to account for changesin
laboratory equipment.

Satistical analysis

Analyses were limited to participants aged 16 years or older (n=137,645) with valid height
and weight data (n=115,860). All analyses were based on complete cases: analytic sample
sizeswere as follows: current smoking (n=115,472); physical inactivity (n=26,051); drinking
above recommended daily alcohol limits (n=83,969); hypertension (n=71,948); total diabetes
(n=47,818); and raised total cholesterol (n=43,340).

We chose a-priori to stratify analyses by gender. Available datafrom four consecutive annual
surveys was aggregated into four non-overlapping survey periods (2003-06; 2007-10; 2011-
14 and 2015-18) to boost sample sizes and thereby increase the precision of estimates. Risk
factor prevalence was estimated by time-period for all adults (i.e. all BMI groups combined)
and by BMI category (normal-weight; overweight; obesity; class | obesity; class II-111
obesity); estimates are not presented for the underweight category due to the low prevalence
(2%). Estimates were age-standardised using the direct method (pooled HSE data as the
standard population). The absolute change in prevalence was computed as the difference
between the first and last time-periods, expressed in percentage points (PP). Wald tests were
used to test the null hypothesis of no change in prevalence between the two estimates. The
same procedure was used to compare the difference in prevalence between the first and last
time-periods in the overweight and obesity categories versus the normal-weight group.
Analyses were repeated on the subset of participants with survey-defined hypertension
(n=23,216) to estimate the change in prevalence of diagnosed, treated and controlled
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hypertension. Sample sizes were too small to estimate the change in levels of diagnosed
diabetes among participants with total diabetes. Changes in diagnosed and undiagnosed
diabetes by BM|I category was therefore estimated using all adults as the denominator.

All analyses accounted for the complex survey design, incorporating the appropriate weights
which accounted for individual nonparticipation to each stage (interview, nurse-visit, blood
sample collection) and the geographical clustering of participants in primary sampling units.
Statistical significance was set at p <0.05 for two-tailed tests, with no adjustment for multiple
comparisons. 95% confidence intervals (95% Cls) are used to convey precision. Dataset
preparation and analysis was performed in SPSS v24.0 (SPSS IBM Inc., Chicago, Illinais,
USA) and in Stata v15.1 (StataCorp, College Station, Texas, USA), respectively. HSE
datasets, including the most recent survey (17), are available viathe UK Data Service
(www.ukdataservice.ac.uk); statistical code to enable replication of our results (using the

datasets deposited at the UKDS) is available on request from the corresponding author.
Results

Table 1 shows the (unweighted) characteristics of the analytical sample (n=115,860
participants aged 16 or over with valid height and wei ght measurements) by four-year
survey-period. The proportion of participants aged 75 years or over increased from 8.0%in
2003-06 to 10.4% in 2015-18; the proportion with a degree or higher qualification increased
from 18.3% to 28.6%. BMI increased on average by 0.6kg/m?, reflecting an increase in mean
weight of 2kg.

Tablel here

Estimates of CVD risk factor prevalence by survey period and BMI category are shown in
Tables 2 and 3 for men and women, respectively. Figure 1 shows the absolute change in

prevalence between the first and last time-periods, expressed in percentage points (PP).
Tables2 and 3 here
Figurelhere
Current cigarette smoking

Current cigarette smoking prevalence decreased among all adults in both genders from 2003-
06 to 2015-18 (men: -6.5 PP, 95% Cl: -7.7, -5.3; women: -7.8 PP, 95% ClI: -8.9, -6.8).
Smoking prevalence varied by BMI category within each time-period among men (highest
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among those with normal-weight) but showed no variation among women. Whilst current
cigarette smoking prevalence decreased between the first and last time-periods among all
BMI groups, it fell more sharply for men with normal-weight (-8.1 PP; 95% CI: -10.3, -5.8)
versus men with obesity (-3.8 PP; 95% CI: -6.2, -1.4) (Figure 1).

Physical inactivity

Levels of physical inactivity (<30 minutes MV PA per week) were higher among adults with
obesity versus those with normal-weight in each survey (2008, 2012, 2016), especially
among women. Inactivity prevalence remained at a stable level among all adults (~18% and
~24% for men and women, respectively). However, stability in prevalence among all adults
masked divergent trends by BMI category among women: inactivity prevalence decreased
among those with normal-weight (-2.8 PP; 95% ClI: -5.3, -0.3) but marginally increased
among those overweight (3.0 PP; 95% CI: -0.4, 6.3).

Above daily limits of alcohol consumption

Among all adults, levels of drinking above recommended daily alcohol limits decreased in
both genders from 2007-10 to 2015-18 (men: -6.8 PP; 95% ClI: -8.2, -5.3; women: -4.7 PP,
95% ClI: -5.9, -3.5). In each time-period, levels of drinking above recommended daily limits
in men were higher in the overweight than normal-weight group; levels of drinking above
recommended daily limitsin women were higher among those with normal-weight versus
those with obesity. Prevalence decreased over time among all BMI groups for both genders
(Figure 1) but change over time (relative to those with normal-weight) did not vary by BMI
(p >0.170).

Survey-defined hypertension and indicators of management

Hypertension prevalence (BP >140/90mmHg or taking medication prescribed for high BP)
decreased among all adults from 2003-06 to 2015-18 (men: -3.0 PP; 95% Cl: -4.4, -1.7,
women: -2.9 PP; 95% CI: -4.0, -1.8). Hypertension prevalence showed a strong graded
association in both genders in each time-period, being highest among adults with obesity.
Hypertension prevalence decreased among all BMI groups for both genders (by 3 to 4 PP)
with the exception of no statistically significant change among men with normal-weight (-1.5
PP; 95% CI: -3.9, 0.8; p = 0.199).

Amongst participants with hypertension, levels of diagnosed, treated and controlled
hypertension by survey period and BMI category are shown in Table 4; Figure 2 shows the
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change in prevalence between the first and last time-periods. The pattern of change (relative
to those with normal-weight) was similar by BMI for both genders (p > 0.100): the
proportion of hypertension that was diagnosed remained at a similar level, whilst proportions

of hypertension that were treated and controlled improved during the study period.
Table4 here
Figure2 here

Total diabetes, including diagnosed and undiagnosed

Estimates of total diabetes, including diagnosed and undiagnosed (elevated HbA 1), are
shown in Table 5 (Figure 3 shows the change in prevalence between the first and last time-
periods). Total diabetes increased among all adults from 2003-06 to 2015-18 (men: 2.3 PP,
95% ClI: 1.3, 3.2; women: 2.0 PP; 95% ClI: 1.3, 2.7). As with hypertension, total diabetes
showed a strong graded association in both genders in each time-period, being highest among
adults with obesity. The secular increase in total diabetes among all adults masked divergent
trends by BMI category. Among men, total diabetes prevalence remained stable among adults
with normal-weight (1.1 PP; 95% ClI: -0.4, 2.6) but increased among adults with overweight
(2.5 PP; 95% Cl: 0.2, 2.7) and obesity (3.5 PP; 95% CI: 1.2, 5.7). A similar finding was

observed for women.

Based on all adults as the denominator, levels of diagnosed diabetes increased among adults
with overweight (men: 1.2 PP; 95% CI: 0.1, 2.3; women: 1.7 PP; 95% ClI: 0.6, 2.7) and
among women with obesity (2.6 PP; 95% CI: 1.0, 4.2). Levels of undiagnosed diabetes
increased only among adults with obesity (men: 1.8 PP; 95% ClI: 0.2, 3.4; women: 1.0 PP;
95% CI: 0.1, 1.9). Relative to their counterparts with normal-weight, levels of diagnosed

diabetes increased among adults with overweight and obesity in women, but not in men.
Table5 here
Figure3 here

Raised total cholesterol

Levels of raised total cholesterol (>5mmol/L) decreased among all adults from 2003-06 to
2015-18 (men: -16 PP; 95% CI: -18, -14; women: -16 PP; 95% ClI: -18, -15). Cross-
sectionally, raised total cholesterol prevalence was highest among adults with overweight and

obesity. Raised total cholesterol prevaence decreased among al BMI groups, but fell more
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sharply among women with obesity (-21 PP; 95% ClI: -25, -17) versus their counterparts with
normal-weight (-16 PP; 95% ClI: -18, -14).

Discussion

Using data spanning 16 years (2003-18), we examined change over timein the prevalence of
six key CVD risk factors by BMI category. Whilst levels of physical inactivity and
consumption of alcohol above daily limits (on the heaviest drinking day) were stable and
decreased in al BMI groups respectively, a number of risk factors showed divergent trends.
First, whilst current cigarette smoking prevalence decreased among al BMI groups, it
declined more slowly among men with obesity. Secondly, hypertension prevalence decreased
among all BMI groups for both genders, except among men with normal-weight. Thirdly,
among both genders, total diabetes prevalence remained stable among normal-weight adults,
but increased among adults with overweight and obesity. Fourthly, raised total cholesterol
prevalence decreased among al BMI groups for both genders, but fell more sharply among

women with obesity.
Comparisonswith other studies

Among adults with overweight and obesity, our findings of: (i) decreases in hypertension and
raised cholesterol, and (ii) increases in diabetes, agree with similar analyses of the US
National Health and Nutrition Examination Survey (NHANES). Among adults aged 20-74
years with overweight and obesity, Gregg and colleagues using 1960-2000 data found (i)
decreasing levels of high BP and current smoking, (ii) a stable level of total diabetes, and an
(i) increase in diagnosed diabetes (7). Increases in treated hypertension were larger among
adults with overweight and obesity than for lean (BM1 <25kg/m?) adults (7). Among adults
with obesity, Saydah and colleagues using 1999-2010 data found: (i) stable levels of self-
reported smoking, total diabetes, undiagnosed diabetes, and hypertension, and (ii) a decrease
in untreated hypertension (6). Guo and Garvey using 1999-2014 data reported a significant
increase in mean HbA 1 among adults with obesity, whereas mean BP and lipid metrics
improved (18).

Population-level trendsin CVD risk factor prevalence

In agreement with the population-level trends presented here, previous studies using HSE
data have shown decreases in current cigarette smoking (19), hypertension (19), raised total
cholesterol (19); stability in PA (13, 20); and increases in total diabetes (19) and in obesity
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(5). Multiple policies have been enacted in England over the study period which have likely
affected these trends. These included attempts to standardise and improve the management of
chronic diseases in primary care settings, e.g. financially incentivised screening and treatment
of hypertension and dyslipidaemia with lifestyle advice and/or medications (21) and
published guidelines by the National Institute for Health and Care Excellence (NICE) which
recommended targeted screening to identify undiagnosed diabetes in asymptomatic
populations (22). National health promotional activities included a widely marketed mass
media“Thisgirl can” programme to increase PA (23). Voluntary targets for industry were set
by governments, such as reducing the salt content of processed foods (24). Whole-population
based strategies included tobacco control policies such as smoke-free legislation, higher
taxation, a higher minimum age of sale of cigarettes, licensing of nicotine replacement

therapy for harm reduction, and introduction of plain packaging (25).

Despite these palicies, the population-level trendsin CV D risk factors show both favourable
and unfavourable change. The decline in current cigarette smoking prevalence has been
linked to the tobacco control policies listed above (26). The recent fall in survey-defined
hypertension is typically attributed to decreased salt intake in foods (24) and improved
detection, treatment and control of high BP, athough levels of management remain
suboptimal (27). Whilst levels of glycaemic control have improved across all social groups
(28), therisein total diabetes reflects both improved case ascertainment and increases in
incidence associated with rising obesity (through numerous pathophysiological mechanisms
that increase the risk of type |1 diabetes among adults with obesity) (29). Longer survival for
those with diabetes is also a potential contributory factor (30). The increased uptake and
efficacy of lipid-lowering medications such as statins for the primary prevention of CVD
within UK primary care during the study period (31) may be akey driver of the reductionin
raised total cholesterol prevalence.

Divergent trendsin CVD risk factor prevalence by BMI category

A number of factors have likely contributed to the divergent trends in risk factors by BMI
category. Larger reductions in the prevalence of survey-defined hypertension and raised total
cholesterol among adults with overweight and obesity may reflect at least partially the results
of the aforementioned targeted efforts to improve chronic disease management in primary
care settings (6, 7). In terms of CVD risk profile, diagnosing existing cases of diabetesis

generally beneficial, particularly for BP and lipid modification as well as glycaemic control,
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resulting in astalling or reduction of risk factor progression despite advancing disease (15).
Worldwide reductionsin raised levels of BP and cholesterol through improved treatment
and/or changes in other risks have contributed to the fall in CVD rates worldwide, despite

increasesin BMI (3).

In contrast, the slower fall in cigarette smoking prevalence among men with obesity, albeit
from alower prevalence in the first survey period (2003-06), and the marginal increasein
inactivity prevalence among women with overweight, may to some extent reflect influences
of living in obesogenic environments (32): i.e. neighbourhoods with higher socioeconomic
deprivation, geographic barriers to PA, and lower air quality that may influence adiposity
levels over and above other individual characteristics (33). Reverse causdlity, i.e. areluctance
of smokers to tolerate post-cessation weight gain (34), and that higher adiposity initself isa
risk-factor for smoking (35), making it more difficult to quit, is aso a potential contributory

factor for the slower decline in current smoking levels among men with obesity.
Strengths and limitations

The main strengths of our study include the use of repeated nationally-representative health
examination surveys that objectively measured anthropometry, BP, cholesterol and HbA ;¢
using standardised protocols over the 16-year study-period, thereby eliminating self-report
bias for these factors (36). Stratifying results by gender enabled us to identify differencesin
the patterns of change over time; our use of direct standardisation removed the potential

confounding influence of age.

The present study has a number of limitations. Our study is descriptive and so does not
directly address the underlying causes of the recent divergent trendsin CVD risk factors by
BMI. Use of repeated cross-sectional surveys with new samples drawn annually precludes
assessment of within-individual change in BMI or risk factors. However, this design provides
the ability to measure undiagnosed disease, which would be unethical in longitudinal studies.
Data on smoking, alcohol, PA and diagnosed diabetes relied on self-reported information and
may be subject to recall and social desirability bias. Despite the pooling of annual data to
improve precision, limitations of sample size meant that we could not examine trends in risk
factors by BMI within different minority ethnic groups, or examine trends in diagnosed
diabetes amongst those with total diabetes. Response rates to the HSE have declined over
time, creating the potential for increased bias in the most recent survey years, although the

overall survey response rate, in and of itself, is not agood indicator of the level of non-
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response bias (37). In the present study, participants who were interviewed but excluded from
the analytical sample due to missing anthropometry data were significantly older, less
educated, and less likely to report very good/good general health; this proportion has also
increased over time, from 12% in 2003 to 18% in 2018 (data not shown). We used non-
response weights available with the data to minimise the impact of response bias on our
findings; nevertheless, our findings may underestimate the differences in risk factor
prevalence by BMI and overestimate the magnitude of favourable trends. Finally, changesin
clinical guidelines for reducing high levels of BP, total cholesterol and HbA 1. can make the
long-term interpretation of trends difficult as adults would be more likely to be treated at
lower levels of CVD risk in the most recent surveys (7). However, the elevated levels of BP
(>140/90mmHg) (14), total cholesterol (>5mmol/L) and HbA . (>48mmol/mol) (38) used in
our study were based on guidelines relevant for the duration of the study period.

Conclusion

Relative to normal-weight adults, greater reductions in hypertension and raised total
cholesterol among adults with overweight and obesity reflect at least in part improvementsin
screening and treatment in those at highest cardiovascular risk. Higher levels of risk factor
prevalence among adults with overweight and obesity in parallel with secular increasesin
diabetes highlight the importance of national prevention efforts to combat the public health
impact of excess adiposity.
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TABLE 1. Characteristics of the analytical sample by four-year survey period

Characteristics

Sample size
Male
Age-group:
16-34 years
35-54 years
55-74 years
75+ years
Degree or equivaent
White
BMI (kg/m?), mean (sd)
Weight (kg), mean (sd)
Height (m), mean (sd)
BMI category:
Underweight
Normal-weight
Overweight
Obesity
Class|
Class|I-I11

All 2003-06 2007-10 2011-14 2015-18

n (%) n (%) n (%) n (%) n (%)
115,860 (100) 31,421 (100) 29,708 (100) 28,204 (100) 26,527 (100)
52,667 (45) 14,418 (46) 13,558 (46) 12,772 (45) 11,919 (45)
28,802 (25) 8222 (26) 7555 (25) 6886 (24) 6139 (23)
41,273 (36) 11,541 (37) 10,626 (36) 10,051 (36) 9055 (34)
35,138 (30) 9148 (29) 8838 (30) 8565 (30) 8587 (32)
10,647 (9) 2510 (8) 2689 (9) 2702 (10) 2746 (10)
26,496 (23) 5747 (18) 6110 (21) 7071 (25) 7568 (29)
104,262 (90) 28,894 (92) 26,915 (91) 25,130 (89) 23,323 (88)
27.4 (5.4) 27.1(5.1) 27.3(5.3) 27.4 (5.4) 27.7(5.7)
77.0 (17.0) 76.1 (16.3) 76.8 (16.7) 77.3(17.1) 78.1 (17.9)
1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1) 1.7 (0.1)
1776 (2) 472 (2) 450 (2) 428 (2) 426 (2)
40,339 (35) 11,374 (36) 10,423 (35) 9712 (34) 8830 (33)
43,526 (38) 12,014 (38) 11,205 (38) 10,651 (38) 9656 (36)
30,219 (26) 7561 (24) 7630 (26) 7413 (26) 7615 (29)
20,373 (18) 5228 (17) 5222 (18) 4938 (18) 4925 (19)
9846 (9) 2273 (7) 2408 (8) 2475 (9) 2690 (10)

Notes: Analytical sample is based on participants with valid height and weight data. BMI: body mass index; kg: kilogrammes, m: metres; sd:
standard deviation. Normal-weight: BM1 18.5 to <25kg/m?; overweight: BMI 25 to <30kg/m?; obesity: BM1 >30kg/m?; class | obesity 30 to

<34.9kg/m? class I1-111 obesity BMI >35kg/m?. Estimates are unweighted.
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TABLE 2. Age-standardised risk factor prevalence by BMI group and four-year survey period in men

Risk factor by 2003-06 2007-10 2011-14 2015-18 PP change P- PP change P-
BMI group value versusnormal- value
weight
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Current smoking
All 255(24.7,26.3) 23.1(22.3,239) 224(215,233) 19.0(18.1,19.9) -6.5(-7.7,-5.3) <0.001 --- ---
Normal-weight 32.2(30.7,33.7) 29.1(27.6,30.7) 27.2(25.6,28.8) 24.2(22.4,25.9) -8.1(-10.3,-5.8) <0.001 --- ---
Overweight 246 (234,258) 20.6(195,21.8) 21.1(19.8,224) 17.6(16.2,19.00 -7.0(-8.9,-5.2) <0.001 10(-1.8,38 0481
Obesity 20.6 (18.9,22.2) 21.2(194,23.0) 21.2(194,23.1) 16.7(15.0,185) -3.8(-6.2,-1.4) 0.002 42(1.0,74) 0.010
Class| 215(195,235) 21.8(19.6,239) 21.4(19.2,236) 16.9(149,19.0)0 -4.6(-75-1.7) 0.002 35(-0.1,7.1) 0.055
ClasslI-I11 18.2(15.1,21.2) 19.3(16.0,22.6) 20.8(17.6,24.0) 16.4(13.4,19.4) -1.8(-6.1,25) 0.407 6.3(1.4,11.1) 0.011
I nactivity
All --- 182(17.1,19.2) 18.1(16.6,19.6) 18.6(17.0,20.1) 04(-1523) 0.658 --- ---
Normal-weight --- 17.0(15.0,189) 17.3(14.4,20.1) 16.9(14.1,19.7) -0.1(-3.5,34) 0.967 --- ---
Overweight --- 16.3(14.7,179) 16.0(14.0,18.1) 17.4(14.8,19.9) 11(-1.9,40) 0.487 11(-34,56) 0.621
Obesity --- 228(20.3,25.2) 221(19.0,25.1) 23.7(20.0,27.4) 09(-3554) 0.682 10(-45,65) 0722
Class| --- 21.7(188,24.7) 195(16.3,22.6) 19.9(16.6,23.1) -1.9(-6.3,25) 0.402 -1.8(-7.3,3.7) 0518
Class1I-11 --- 26.0(219,30.1) 27.9(215,343) 335(253,41.7) 75(-17,16.6) 0111 75(-23,173) 0.132
Alcohol above daily limits
All --- 422(412,432) 384(374,394) 355(344,365) -6.8(-8.2,-53) <0.001 ---
Normal-weight --- 39.0(37.3,40.6) 35.7(34.0,374) 33.8(320,356) -52(-7.6,-2.7) <0.001 ---
Overweight --- 444(429,459) 40.1(385,416) 37.2(35.6,388) -7.2(-9.4,-5.0) <0.001 -20(-5.2,11) 0.205
Obesity --- 422(40.2,44.2) 38.7(36.7,40.8) 34.5(324,36.6) -7.7(-106,-4.7) <0.001 -25(-6.2,1.2) 0.188
Class| --- 433(41.0,45.6) 40.1(37.6,42.7) 36.5(33.9,39.00 -6.8(-10.3,-3.4) <0.001 -1.7(-5.8,24) 0425
ClassI-11 --- 387(34.7,428) 358(321,395) 29.4(25.6,33.2) -9.3(-149,-38) 0001 -4.2(-102,19) 0.176
Hypertension
All 31.2(30.3,32.1) 31.5(30.6,324) 30.4(294,315) 281(27.1,29.2) -3.0(-44,-1.7) <0.001 ---
Normal-weight 21.2(19.7,22.7) 23.2(21.6,24.9) 19.6(18.0,21.3) 19.7(17.9,21.5) -1.5(-3.9,0.8) 0.199 ---
Overweight 30.5(29.1,31.9) 29.8(284,31.1) 30.3(28.7,31.9) 26.0(24.4,275) -45(-6.6,-2.5) <0.001 -3.0(-6.1,0.1) 0.056
Obesity 435 (41.4,455) 429(40.7,45.2) 42.7(40.2,45.1) 39.4(37.1,416) -41(-7.1,-1.0) 0.009 -25(-6.3,1.2) 0.187
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Class| 42.4(40.0,44.8) 40.3(37.8,42.8) 40.4(37.6,43.3) 358(33.2,384) -6.6(-10.1,-3.1) <0.001 -5.0(-9.2,-0.9) 0.016
ClassI-111 47.2(43.2,51.2) 50.8(46.4,55.2) 48.5(43.8,53.3) 48.4(43.4,53.5) 1.2(-5.2,7.6) 0.712 2.7(-4.1,95) 0428
Raised total cholesterol
All 62.0 (60.7, 63.2) --- 51.1(49.8,52.4) 45.7(44.3,47.0) -16 (-18, -14) <0.001 ---
Normal-weight 55.8 (53.6, 58.1) --- 459(436,48.2) 41.3(38.8,43.7) -15(-18, -11) <0.001 ---
Overweight 65.4 (63.5, 67.3) --- 56.0(53.8,58.2) 489 (46.8,51.0) -16 (-19, -14) <0.001 -1.9(-6.2,25) 0.398
Obesity 68.6 (65.4, 71.7) --- 56.6(535,59.8) 49.0(46.0,52.1) -20 (-24,-15) <0.001 -5.0(-10.6,0.7) 0.084
Class| 70.3 (66.9, 73.7) --- 57.3(53.7,60.9) 49.5(45.9,53.2) -21 (-26,-16) <0.001 -6.2(-12.3,0.0) 0.049
Class|I-Il1 61.2 (54.6, 67.8) --- 539(47.8,59.9) 49.3(42.9,55.8) -12(-21,-3) 0012 2.7(-7.1,12.6) 0.583
Notes: Estimates age-standardised to the pooled HSE data; - - - comparable data not available. Normal weight: BMI 18.5 to <25kg/m”;
overweight: BMI 25 to <30kg/m?; obesity: BMI >30kg/m? Class | obesity: BMI 30 to <34.9kg/m?; Class II-111 obesity: BMI >35kg/m?.
Estimates for total diabetes are shown in Table 5. P-values obtained using Wald tests.
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TABLE 3. Age-standardised risk factor prevalence by BMI group and four-year survey period in women

Risk factor by 2003-06 2007-10 2011-14 2015-18 PP change P- PP change P-
BMI group value versusnormal- value
weight
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Current smoking
All 234(22.7,242) 20.1(194,20.8) 17.8(17.1,185) 15.6(14.9,16.3) -7.8(-8.9,-6.8) <0.001 --- ---
Normal-weight 25.1(24.0,26.2) 20.8(19.7,21.9) 18.1(17.0,19.2) 16.0(14.9,17.2) -9.1(-10.7,-7.5) <0.001 --- ---
Overweight 225(21.3,23.7) 20.0(188,21.2) 17.8(16.6,19.0) 15.3(14.1,165) -7.2(-8.9,-5.5) <0.001 19(-04,41) 0.099
Obesity 229(21.4,243) 20.8(19.3,22.2) 18.0(16.6,19.4) 15.6(14.3,16.8) -7.3(-9.2,-5.4) <0.001 1.7(-0.7,42) 0.162
Class| 23.3(215,25.2) 20.1(18.3,21.9) 17.6(15.8,19.3) 15.6(13.9,17.2) -7.8(-10.2,-5.3) <0.001 13(-1.6,42) 0.375
ClasslI-I11 22.3(20.0,24.6) 21.9(19.6,24.2) 186(16.5,20.8) 15.3(13.4,17.3) -7.0(-10.0,-3.9) <0.001 21(-1.3,55 0.223
I nactivity
All --- 236(225,24.6) 24.4(22.8,259) 23.2(21.6,24.8) -04(-2.3,15) 0.710 --- ---
Normal-weight --- 205(19.0,22.0) 19.3(17.0,216) 17.7(15.7,19.7) -28(-5.3,-0.3) 0.027 --- ---
Overweight --- 20.2(185,21.8) 23.3(20.7,25.8) 23.2(20.3,26.0) 30(-04,6.3) 0.080 5.8(1.8,9.8) 0.004
Obesity --- 315(29.1,33.8) 31.3(28.0,345) 31.2(27.6,34.7) -0.3(-4.5,39) 0.887 25(-2.3,73) 0.308
Class| --- 285(258,31.3) 30.3(26.1,345) 28.7(24.2,33.1) 0.1(-5.1,53) 0.960 29(-2.7,86) 0.309
Class1I-11 --- 36.7(326,40.8) 33.1(28.3,37.9) 34.6(29.3,39.9) -21(-8.8,4.6) 0539 0.7(-6.4,78) 0.844
Alcohol above daily limits
All --- 324(315,332) 286(27.7,29.4) 27.7(26.8,28.6) -4.7(-5.9,-3.5 <0.001 --- ---
Normal-weight --- 343(331,355) 305(29.2,31.7) 30.7(29.4,320) -35(-5.3,-1.8) <0.001 --- ---
Overweight --- 340(325,354) 30.3(28.9,318) 29.2(27.7,30.7) -48(-6.9,-2.7) <0.001 -1.2(-39,14) 0.361
Obesity --- 276(26.0,29.1) 238(22.3,25.3) 231(21.6,246) -45(-6.7,-2.4) <0.001 -1.0(-3.7,1.8) 0.491
Class| --- 279(26.0,29.8) 25.3(234,27.3) 24.3(224,26.3) -35(-6.2,-0.8) 0.010 0.0(-3.2,32) 0.998
ClassI-11 --- 27.3(248,29.7) 21.4(19.1,23.7) 21.3(19.0,235) -6.0(-9.3,-2.7) <0.001 -25(-6.2,1.3) 0.201
Hypertension
All 27.1(26.4,27.8) 27.8(27.0,285) 25.7(24.9,26.4) 24.2(23.4,25.00 -29(-4.0,-1.8) <0.001 --- ---
Normal-weight 20.9(19.7,22.0) 19.7(185,20.8) 18.3(17.1,194) 16.5(154,17.6) -4.3(-5.9,-2.7) <0.001 --- ---
Overweight 26.3(25.1,274) 26.2(25.0,274) 24.7(235,259) 232(21.9,245) -31(-48,-1.4) <0.001 12(-11,36) 0.305
Obesity 37.6(35.9,39.3) 40.7(39.0,42.5) 36.6(35.0,38.2) 34.3(325,36.1) -3.3(-5.8,-0.8) 0.009 1.0(-1.9,40) 0.491
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Class| 34.3(32.3,36.2) 355(336,374) 34.2(323,36.2) 30.0(27.9,320) -43(-7.1,-1.5) 0.003 0.0(-3.2,33) 0.987
ClasslI-111 43.4(40.4,46.3) 50.3(47.0,53.6) 40.5(37.7,43.3) 40.7(37.6,43.9) -26(-7.0,1.7) 0.232 17(-29,6.3) 0471
Raised total cholesterol
All 64.7 (63.6, 65.7) --- 525(51.3,53.6) 48.2(47.0,49.4) -16 (-18, -15) <0.001 --- ---
Normal-weight 62.3 (60.7, 63.9) --- 511(494,52.8) 46.2(44.5,47.9) -16 (-18, -14) <0.001 --- ---
Overweight 66.0 (63.9, 68.0) --- 542(52.3,56.1) 50.9(48.4,53.3) -15(-18, -12) <0.001 09(-3.0,49 0.635
Obesity 71.1(68.6, 73.7) --- 558(53.1,585) 50.1(47.4,52.7) -21 (-25,-17) <0.001 -5.0(-9.3,-0.6) 0.025
Class| 72.0(68.9, 75.0) --- 57.7(543,61.2) 50.0(47.0,53.0) -22 (-26,-18) <0.001 -5.8(-10.8,-0.9) 0.021
Class|I-Il1 69.8 (65.5, 74.0) --- 523(48.2,56.5) 49.4(45.1,53.8) -20 (-26,-14) <0.001 -4.3(-10.8,2.3) 0.200
Notes: Estimates age-standardised to the pooled HSE data; - - - comparable data not available. Normal weight: BMI 18.5 to <25kg/m”;
overweight: BMI 25 to <30kg/m?; obesity: BMI >30kg/m? Class | obesity: BMI 30 to <34.9kg/m?; Class II-111 obesity: BMI >35kg/m?.
Estimates for total diabetes are shown in Table 5. P-values obtained using Wald tests.
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TABLE 4. Levels of diagnosed, treated and controlled hypertension by BMI group, gender and four-year survey period

Hypertension 2003-06 2007-10 2011-14 2015-18 PP change P- PP change P-

management value versusnormal- value

indicator by weight

BMI category % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Men

Diagnosed

All 55.3(53.1,57.6) 57.0(54.1,59.9) 58.0(55.8,60.1) 59.0(56.9, 61.0) 3.6(0.6,6.6) 0.018 --- ---

Normal-weight 46.3(40.5,52.0) 39.8(32.3,47.3) 51.1(45.6,56.7) 49.3(44.1,54.6) 3.1(-4.7,109) 0.437 --- ---

Overweight 55.4(52.3,58.4) 56.1(51.8,60.4) 54.8(515,58.1) 57.7(54.5,60.9) 23(-21,6.8) 0.300 -0.7(-9.7,82) 0.871

Obesity 60.5 (56.7,64.2) 65.3(60.8,69.8) 63.6(60.3,66.9) 63.8(60.8,66.9) 34(-1.4,82) 0.169 0.3(-8.9,95 0.950
Class| 57.6 (535,61.8) 63.3(58.2,685) 61.7(57.6,657) 62.0(58.2,658) 44(-1.3,100) 0131 13(-84,11.0) 0.798
ClassI-I11 69.9 (62.6, 77.3) 74.0(66.0,82.0) 67.5(61.8,73.2) 67.3(62.2,724) -2.6(-116,6.3) 0561 -5.7(-175,6.0) 0.339

Treated

All 40.0 (38.4,41.7) 46.9(45.1,48.6) 48.8(46.9,50.6) 50.4(485,524) 10.4(7.9,13.0) <0.001 --- ---

Normal-weight 33.6(29.6,37.7) 39.9(35.5,44.3) 40.1(35.3,44.9) 41.2(36.2,46.2) 76(1.1,140) 0.021 --- ---

Overweight 38.5(36.2,40.8) 44.7(42.2,47.2) 45.6(43.0,48.3) 47.3(44.2,50.4) 8.8(4.9,12.7) <0.001 12(-6.4,88) 0.755

Obesity 45.6 (42.8,48.3) 51.8(49.1,54.6) 55.6(52.8,58.5) 56.9(54.0,59.8) 11.3(7.4,153) <0.001 3.7(-3.8,11.3) 0.329
Class| 43.0 (40.0,46.1) 49.6(46.5,52.8) 53.2(49.8,56.6) 52.4(48.9,55.9) 9.4 (4.8,14.0) <0.001 18(-6.2,9.8) 0.658
Class|lI-I11 53.6 (47.8,59.4) 57.7(52.3,63.1) 61.3(56.5,66.0) 65.3(60.9,69.8) 11.7(45 1900 0.002 41(-54,137) 0.3%4

Controlled

All 20.0(18.6,21.4) 27.4(25.8,29.0) 30.3(28.6,32.1) 32.9(31.0,34.8) 12.9(10.6,15.3) <0.001 --- ---

Normal-weight 15.9 (12.4,19.4) 24.6(20.7,28.6) 25.9(21.6,30.3) 27.0(22.4,31.6) 11.1(5.3,16.8) <0.001 --- ---

Overweight 19.0(17.0,20.9) 26.6(24.3,28.9) 284(25.9,309) 30.3(27.4,331) 11.3(7.8,14.8) <0.001 0.2(-6.6,7.0) 0.955

Obesity 23.3(20.8,25.8) 29.3(26.7,31.9) 34.3(314,37.1) 37.4(34.6,40.3) 14.1(10.3,17.9) <0.001 31(-3.9,10.00 0.390
Class| 22.6(19.9,254) 28.0(25.0,31.0) 331(29.7,364) 34.4(31.0,37.7) 11.8(7.4,616.1) <0.001 0.7 (-6.6,8.0)  0.855
Class|I-I11 26.3(204,32.2) 32.7(27.3,38.1) 37.2(31.9,425) 43.0(37.7,483) 16.7(8.8,246) <0001 56(-4.2,154) 0.262

Women

Diagnosed

All 60.5(58.2,62.9) 65.3(62.3,68.3) 65.9(63.8,68.0) 63.5(61.5, 65.4) 30(-0.1,6.0) 0.056 --- ---

Normal-weight 53.3(48.6,58.1) 56.1(49.7,62.5) 57.1(52.3,62.0) 57.5(53.2,61.9) 4.2(-2.2,10.6) 0.202 --- ---
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Overweight
Obesity
Class|
ClasslI-111
Treated
All
Normal-weight
Overweight
Obesity
Class|
ClasslI-I11
Controlled
All
Normal-weight
Overweight
Obesity
Class|
Class|I-I11

58.4 (54.8, 62.1)
68.3 (64.8, 71.8)
66.3 (61.9, 70.8)
73.2 (67.4, 79.0)

49.9 (48.1, 51.8)
40.5 (36.9, 44.0)
47.9 (45.0, 50.8)
58.4 (55.6, 61.2)
56.1 (52.6, 59.6)
63.2 (58.4, 67.9)

24.9 (23.3, 26.4)
20.0 (17.0, 23.0)
23.9 (21.5, 26.4)
28.9(26.2, 31.6)
28.2(25.0, 31.3)
31.1(26.1, 36.2)

62.3 (57.2, 67.4)
72.3(68.2, 76.4)
71.9 (66.8, 77.1)
72.1(65.4, 78.8)

56.9 (55.1, 58.7)
46.6 (42.9, 50.3)
54.6 (51.6, 57.6)
64.5 (62.0, 67.1)
61.9 (58.5, 65.2)
68.5 (64.4, 72.6)

31.7 (29.9, 33.4)
27.1(23.7, 30.5)
30.6 (27.8, 33.4)
35.2 (32.5, 38.0)
32.1(28.6, 35.5)
39.7 (35.0, 44.4)

66.6 (63.0, 70.2)
71.0 (68.0, 74.0)
70.3 (66.5, 74.1)
72.8(68.2, 77.5)

58.8 (57.1, 60.6)
51.2 (47.3,55.2)
59.4 (56.3, 62.4)
63.6 (61.0, 66.2)
62.1 (58.7, 65.5)
66.5 (62.5, 70.5)

36.6 (34.8, 38.5)
30.4 (26.6, 34.2)
38.6 (35.4, 41.7)
39.4 (36.5, 42.3)
38.6 (35.0, 42.2)
40.9 (35.9, 45.9)

61.1 (57.6, 64.5)
68.5 (65.6, 71.4)
67.5 (63.6, 71.3)
69.4 (65.0, 73.8)

58.2 (56.3, 60.1)
49.4 (45.1, 53.6)
57.1 (53.7, 60.6)
64.1 (61.4, 66.9)
60.2 (56.5, 63.9)
68.2 (64.0, 72.4)

35.8 (33.9, 37.7)
32.4(28.3, 36.5)
35.3(32.0, 38.6)
38.3(35.3, 41.3)
35.6 (31.6, 39.5)
41.4(36.7, 46.1)

2.6 (-2.5,7.7)
0.2 (-4.4,4.7)
1.1 (-4.7, 7.0)
-3.8(-11.1, 3.5)

8.2 (5.6, 10.9)
8.9 (3.4, 14.4)
9.2 (4.7, 13.8)
5.8 (1.8, 9.7)
4.1(-1.0,9.2)
5.0 (-1.3, 11.4)

10.9 (8.5, 13.4)
12.4 (7.4, 17.5)
11.3 (7.2, 15.5)
9.4 (5.4, 13.4)
7.4 (2.4, 12.4)
10.3 (3.4, 17.2)

0.313
0.936
0.704
0.307

<0.001
0.002
<0.001
0.004
0.116
0.122

<0.001
<0.001
<0.001
<0.001
0.004
0.004

-1.6 (-9.6, 6.5)
-4.0 (-11.7, 3.8)
-3.0(-11.7, 5.6)
-8.0 (-17.5, 1.6)

0.4 (-6.7, 7.5)
-3.1(-9.8, 3.6)
-4.8(-12.3,2.7)
-3.8(-12.1, 4.4)

-1.1(-7.6,5.4)
-3.0 (-9.5, 3.4)
5.0 (-12.2, 2.1)
-2.1(-10.7, 6.5)

0.702
0.313
0.493
0.102

0.918
0.363
0.210
0.361

0.744
0.361
0.167
0.627

Notes: Hypertension defined as BP >140/90mmHg or reported taking medication prescribed for high BP. Estimates age-standardised to the

pooled HSE data (persons with hypertension). Normal weight: BM| 18.5 to <25kg/m? overweight: BMI 25 to <30kg/m?; obesity: BMI
>30kg/m?; Class | obesity: BMI 30 to <34.9kg/m? Class I1-111 obesity: BMI >35kg/m?. P-values obtained using Wald tests.
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TABLE 5. Levels of total diabetes, including diagnosed and undiagnosed diabetes, by BMI group, gender and four-year survey period

Diabetes by 2003-06 2007-10 2011-14 2015-18 PP change P- PP change P-
BMI category value versusnormal- value
weight
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Men
Total diabetes
All 59(5.3,6.5) 7.4 (6.4,8.4) 8.0(7.4,8.7) 8.1(7.4,8.9) 2.3(1.3,3.2) <0.001 --- ---
Normal-weight 31(2.2,4.0) 2.7(1.4,4.0) 4.4 (3.4,5.4) 4.2 (2.9,5.4) 11(-04,26) 0.158 --- ---
Overweight 51(4.2,5.9) 6.1 (4.9, 7.4) 5.7 (4.9, 6.5) 6.5 (5.6, 7.5) 15(0.2,27) 0.023 0.4 (-1.522) 0.700
Obesity 10.4(8.9,11.9) 128(10.5,150) 14.9(132,16.6) 13.9(12.2, 15.6) 35(1.2,57) 0.003 24(-0.2,5.0) 0.076
Class| 84 (69,1000 11.2(8.7,138) 123(104,142) 11.4(9.6,13.3) 3.0(0.6,55) 0.015 19(-0.8,47) 0.170
ClassI-I11 175(134,215) 183(13.2,235) 22.6(18.9,626.4) 20.4(16.7,24.1) 30(-25/84) 0.291 18(-38,75 0524
Diagnosed
All 4.2 (3.7,4.7) 55 (4.6,6.3) 59(5.3,6.4) 59 (5.3, 6.5) 1.7(0.9,25) <0.001 --- ---
Normal-weight 2.3(1.5,31) 2.2 (1.0,3.3) 3.7(2.8,4.6) 3.7(24,4.9) 14(-0.1,2.8) 0.063 --- ---
Overweight 3.6(2.8,4.4) 4.4(3.3,5.4) 4.2 (3.6,4.9) 4.8 (4.0, 5.6) 1.2(0.1,2.3) 0.039 -0.2(-2.0,1.6) 0.825
Obesity 75(6.1, 8.8) 9.3(74,11.3) 10.3(8.9,11.6) 9.2 (8.0, 10.3) 1.7(-0.1,35) 0.062 0.3(-2.0,2.6) 0.790
Class| 57(44,71) 8.0(5.9,10.1) 8.3(6.8,9.8) 7.5(6.3, 8.8) 18(0.0,3.7) 0.053 04(-1.9,28 0.713
Class|lI-I11 14.0(10.2,17.7) 14.2(95,189) 16.3(13.3,19.4) 13.6(10.9,16.4) -0.3(-4.9,4.3) 0.899 -1.7(-6.5,3.2)  0.497
Undiagnosed
All 1.7(1.3,20) 2.0(1.4,25) 21(1.8,25) 2.2(1.9, 2.6) 06(0.1,11) 0.021 --- ---
Normal-weight 0.8(0.3,1.3) 0.6 (0.0,1.2) 0.7 (04,1.1) 0.5(0.2,0.9) -0.3(-0.8,0.3) 0.350 --- ---
Overweight 15(1.1,19) 1.8(1.0,25) 15(1.1,19) 1.8(1.2,2.3) 0.3(-04,1.0) 0.383 06(-0.3,1.4) 0.183
Obesity 29(2.1,3.3) 34(2.1,4.8) 4.6 (3.5,5.8) 4.7 (3.4, 6.0) 1.8(0.2,3.4) 0.029 20(0.3,3.7) 0.019
Class| 2.7 (1.8, 3.6) 3.3(1.7,4.8) 4.0(2.7,5.4) 39(24,5.4) 12(-05,29) 0.174 15(-04,33) 0115
Class|I-I11 35(15,5.5) 4.2 (1.3,7.0) 6.3 (3.7, 8.8) 6.8 (3.9, 9.6) 3.2(-0.2,6.7) 0.067 35(0.0,7.1) 0.050
Women
Total diabetes
All 4.0(3.5,4.5) 5.4 (4.6, 6.3) 59(54,6.5) 6.0 (5.4, 6.5) 2.0(1.3,2.7) <0.001 --- ---
Normal-weight 2.6 (1.9, 3.3) 2.0(1.2,2.9) 2.2(1.7,2.8) 2.4 (1.8, 2.9) -0.2(-1.1,0.7) 0.648 --- ---
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Overweight
Obesity

Class|

Class1I-111
Diagnosed
All
Normal-weight
Overweight
Obesity

Class|

ClasslI-I11
Undiagnosed
All
Normal-weight
Overweight
Obesity

Class|

Class|I-Il1

3.3 (2.7, 4.0)
7.3 (6.0, 8.6)
5.8 (4.5, 7.1)
9.8 (7.2, 12.5)

3.1(2.6,35)
2.1 (1.4, 2.7)
2.5(1.9,3.1)
55 (4.3, 6.6)
42(3.1,523)
7.7 (5.3, 10.1)

0.9(0.7, 1.2)
05 (0.2, 0.8)
0.8 (0.5, 1.1)
1.8 (1.2, 2.5)
1.6 (0.9, 2.4)
2.2 (0.9, 3.4)

4.1(2.9,5.2)
11.6 (8.9, 14.3)
7.4 (5.4, 9.4)
17.8 (12.7, 23.0)

3.6 (3.0, 4.3)
1.2 (0.6, 1.9)
2.5(1.7,34)
7.6 (5.9,9.3)
5.6 (3.8, 7.4)
10.6 (7.5, 13.7)

1.8 (1.3, 2.3)
0.8 (0.3, 1.3)
15(0.8, 2.3)
40 (1.8, 6.2)
1.8 (0.8, 2.8)
7.2 (2.8, 11.6)

48 (4.0,55)
12.0 (10.4, 13.5)
10.1 (8.5, 11.8)
15.3 (12.2, 18.4)

4.1 (3.6, 4.6)
1.2 (0.8, 1.6)
3.3 (2.7, 4.0)
8.5 (7.2,9.9)
6.9 (5.5, 8.4)
11.4 (8.6, 14.3_

1.8 (15, 2.1)
1.0 (0.7, 1.4)
1.4 (1.0, 1.8)
3.4 (2.6, 4.2)
3.2(2.3,4.2)
3.9 (2.5, 5.3)

52 (4.3, 6.2)
10.9 (9.6, 12.2)
8.4 (6.9, 9.8)
14.9 (12.6, 17.1)

45 (4.0, 5.0)
1.7 (1.2, 2.2)
4.2(3.3,5.1)
8.1(7.0,9.2)
5.7 (4.5, 7.0)
11.8 (9.7, 13.9)

15(1.2, 1.7)
0.7 (0.3, 1.0)
1.1 (0.7, 1.4)
2.8 (2.2, 3.5)
2.6 (1.8, 3.4)
3.0 (2.0, 4.0)

1.9 (0.8, 3.1)
3.6 (1.8, 5.4)
2.5 (0.6, 4.5)
5.0 (1.5, 8.5)

1.5(0.8, 2.1)
-0.4(-1.2, 0.4)
1.7 (0.6, 2.7)
2.6 (1.0, 4.2)
15(-0.1, 3.2)
4.2 (1.0,7.3)

0.5 (0.2, 0.9)
0.2(-0.3, 0.6)
0.2(-0.2,0.7)
1.0 (0.1, 1.9)
1.0 (-0.1, 2.1)
0.9 (-0.7, 2.5)

0.001
<0.001
0.010
0.005

<0.001
0.367
0.002
0.001
0.073
0.010

0.002
0.505
0.332
0.025
0.068
0.285

2.1 (0.7, 3.6)
3.8(1.8,5.8)
2.8(0.7, 4.8)
5.2 (1.6, 8.8)

2.1 (0.8, 3.4)
3.0(1.2,4.7)
1.9(0.1,3.7)
45(1.3,7.8)

0.1(-0.6, 0.8)
0.9 (-0.2, 1.9)
0.8 (-0.3, 2.0)
0.7 (-1.0, 2.4)

0.004
<0.001
0.010
0.004

0.002
0.001
0.041
0.006

0.811
0.097
0.160
0.403

Notes: Undiagnosed diabetes: no reported diagnosed diabetes and HbA 1. >6.5% (prior to HSE 2012) or >48mmol/mol (HSE 2012-18). Estimates
age-standardised to the pooled HSE data. Normal weight: BM1 18.5 to <25kg/m?; overweight: BMI 25 to <30kg/m? obesity: BM| >30kg/m?;
Class | obesity: BMI 30 to <34.9kg/m?; Class I1-111 obesity: BMI >35kg/m?. P-values obtained using Wald tests.
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Appendix: Citationsfor the HSE datasets

University College London, Department of Epidemiology and Public Health, National Centre
for Social Research. (2010). Health Survey for England, 2003. [data collection]. 2nd
Edition. UK Data Service. SN: 5098, http://doi.org/10.5255/UKDA-SN-5098-1.

National Centre for Social Research, University College London. Department of
Epidemiology and Public Health. (2011). Health Survey for England, 2005. [data
collection]. 3rd Edition. UK Data Service. SN: 5675, http://doi.org/10.5255/UKDA-SN-
5675-1.

National Centre for Social Research, University College London. Department of
Epidemiology and Public Health. (2011). Health Survey for England, 2006. [data

collection]. 4th Edition. UK Data Service. SN: 5809, http://doi.org/10.5255/UK DA-SN-5809-
1.

National Centre for Social Research, University College London. Department of
Epidemiology and Public Health. (2010). Health Survey for England, 2007. [data
collection]. 2nd Edition. UK Data Service. SN: 6112, http://doi.org/10.5255/UK DA -SN-
6112-1.

National Centre for Social Research, University College London. Department of
Epidemiology and Public Health. (2013). Health Survey for England, 2008. [data

collection]. 4th Edition. UK Data Service. SN: 6397, http://doi.org/10.5255/UKDA-SN-6397-
2.

National Centre for Social Research, University College London. Department of
Epidemiology and Public Health. (2015). Health Survey for England, 2009. [data
collection]. 3rd Edition. UK Data Service. SN: 6732, http://doi.org/10.5255/UKDA-SN-
6732-2.

NatCen Social Research, Royal Free and University College Medical School. Department of
Epidemiology and Public Health. (2015). Health Survey for England, 2010. [data collection].
3rd Edition. UK Data Service. SN: 6986, http://doi.org/10.5255/UK DA -SN-6986-3.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2013). Health Survey for England, 2011. [data collection]. UK Data Service.
SN: 7260, http://doi.org/10.5255/UKDA-SN-7260-1.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2014). Health Survey for England, 2012. [data collection]. UK Data Service.
SN: 7480, http://doi.org/10.5255/UK DA-SN-7480-1.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2015). Health Survey for England, 2013. [data collection]. UK Data Service.
SN: 7649, http://doi.org/10.5255/UKDA-SN-7649-1.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2016). Health Survey for England, 2014. [data collection]. 2nd Edition. UK
Data Service. SN: 7919, http://doi.org/10.5255/UKDA-SN-7919-2.
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NatCen Social Research, University College London. Department of Epidemiology and
Public Hedlth. (2017). Health Survey for England, 2015. [data collection]. UK Data Service.
SN: 8280, http://doi.org/10.5255/UKDA-SN-8280-1.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2019). Health Survey for England, 2016. [data collection]. 3" Edition. UK
Data Service. SN: 8334, http://doi.org/10.5255/UKDA-SN-8334-3.

NatCen Social Research, University College London. Department of Epidemiology and
Public Hedlth. (2020). Health Survey for England, 2017. [data collection]. 2nd Edition. UK
Data Service. SN: 8448, http://doi.org/10.5255/UKDA-SN-8448-2.

NatCen Social Research, University College London. Department of Epidemiology and
Public Health. (2020). Health Survey for England, 2018. [data collection]. 2nd Edition. UK
Data Service. SN: 8649, http://doi.org/10.5255/UK DA-SN-8649-1.
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PP change in
men (95% CI)

PP change in
women (95% CI)

Current smoking:
All adults - -6.5(-7.7,-5.3) - -7.8 (-8.9, -6.8)
Normal-weight —a— -8.1(-10.3,-5.8) - -9.1(-10.7,-7.5)
Overweight —-— -7.0(-8.9,-5.2) - -7.2(-8.9.-5.5)
Obesity — -3.8(-6.2,-14) —-— -73(-92,-54)
Class I obesity — -4.6 (-7.5,-1.7) — -7.8(-10.2,-5.3)
Class II-IIT obesity —_— -1.8(-6.1, 2.5) — -7.0 (-10.0, -3.9)
Physical inactivity:
All adults - 0.4 (-1.5,2.3) - -0.4 (-2.3, 1.5)
Normal-weight —_— -0.1(-3.5,3.4) —_— -2.8(-5.3,-0.3)
Overweight e 1.1(-1.9, 4.0) T—— 3.0(-0.4,6.3)
Obesity o e 0.9(-3.5,5.4) —_—— -0.3 (-4.5,3.9)
Class I obesity —_— -1.9(-6.3,2.5) —_— 0.1(-5.1,53)
Class II-IIT obesity -—— 7.5 (-1.7, 16.6) _—r -2.1(-8.8,4.6)
Above daily limits:
All adults - -6.8 (-8.2,-5.3) - -4.7(-5.9,-3.5)
Normal-weight —a— -5.2(-7.6,-2.7) - -3.5(-5.3,-1.8)
Overweight —— -7.2(-94,-5.0) —— -4.8(-6.9,-2.7)
Obesity — -7.7 (-10.6, -4.7) —a— -4.5(-6.7,-2.4)
Class I obesity —_— -6.8(-10.3,-3.4) — -3.5(-6.2,-0.8)
Class II-III obesity _— -9.3(-14.9.-3.8) — -6.0 (-9.3,-2.7)
Hypertension:
Ail adults - 3.0(44,-1.7) - 2.9(-4.0,-1.8)
Normal-weight —_—- -1.5(-3.9,0.8) - -43(-59,-2.7)
Overweight —-— -4.5(-6.6,-2.5) - -3.1(-4.8,-1.4)
Obesity — -4.1(-7.1,-1.0) —— -3.3(-5.8,-0.8)
Class I obesity —_— -6.6 (-10.1,-3.1) — -43(-7.1,-1.5)
Class II-IIT obesity —_— 1.2(-5.2,7.6) —_— -2.6 (-7.0, 1.7)
Raised total cholesterol:
All adults —-— -16.3 (-18.1, -14.5) - -16.5 (-18.1, -14.9)
Normal-weight —_— -14.6 (-18.0,-11.2) —— -16.1 (-18.4,-13.7)
Overweight — -16.5 (-19.3.-13.6) — -15.1 (-18.3,-12.0)
Obesity —_— -19.5(-23.9.-15.2) —_— -21.1(-24.7.-17.4)
Class I obesity —_— -20.7 (-25.7,-15.8) —_— -21.9 (-26.2.-17.6)
Class II-IIT obesity _— -11.8 (-21.1,-2.6) —_— -20.3 (-26.4, -14.3)
I T T I I I I I
-20 -10 0 10 20 -20 -10 0 10 20
Favourable Not favourable Favourable Not favourable
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PP change in PP change in
men (95% CI) women (95% CI)
Diagnosed hypertension:
All — 3.6 (0.6. 6.6) —— 3.0 (-0.1, 6.0)
Normal-weight —_— 3.1(-4.7.10.9) — — 4.2(-2.2,10.6)
Overweight —1— 2.3(-2.1,6.8) 2.6 (-2.5,7.7)
Obesity - 34(-14.82) — 0.2 (-4.4.4.7)
Class I obesity e B 4.4 (-1.3,10.0) —_— 1.1(-4.7,7.0)
Class II and III obesity — -2.6 (-11.6. 6.3) —_— -3.8(-11.1. 3.5)
Treated hypertension:
All 10.4 (7.9, 13.0) —— 8.2 (5.6.10.9)
Normal-weight —_— 7.6 (1.1, 14.0) —_— 8.9(3.4.14.4)
Overweight —_— 8.8 (4.9.12.7) —_— 9.2 (4.7,13.8)
Obesity 11.3 (7.4, 15.3) —_— 5.8(1.8.9.7)
Class I obesity —_— 9.4 (4.8, 14.0) - — 4.1(-1.0,9.2)
Class II and III obesity _— 11.7 (4.5, 19.0) o s 5.0(-13,11.4)
Controlled hypertension:
All — 12.9 (10.6, 15.3) — 10.9 (8.5, 13.4)
Normal-weight —_— 11.1 (5.3, 16.8) —_— 12.4(74,17.5)
Overweight —_— 11.3 (7.8, 14.8) —_— 11.3 (7.2, 15.5)
Obesity —_— 14.1(10.3,17.9) —_— 94(54.13.4)
Class I obesity —_— 11.8(7.4,16.1) —_— 74(24.124)
Class II and III obesity —— 16.7(8.8,24.6) _— 10.3 (3.4.17.2)
T T T T T T T T
-20 -10 0 10 20 -20 -10 0 10 20
Not favourable Favourable Not Favourable Favourable
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PP change in
men (95% CI)

PP change in
women (95% CI)

Total diabetes:
All adults —— 23113, 3:2) — 2:00018,:24)
Normal-weight T 1.1(-04,2.6) — -0.2(-1.1,0.7)
Overweight —_— 1.5(0.2,2.7) — 1.9(0.8,3.1)
Obesity —_— 3:5:(12, 59) —_— 3.6(1.8,5.4)
Class I obesity —_— 3.0 (0.6,5.5) —_— 2.5(0.6,4.5)
Class II-III obesity 3.0(-2.5,84) _— 5:0.(1:5, 85)
Diagnosed:
All adults —— 1.7 (0.9, 2.5) —— 1.5(0.8,2.1)
Normal-weight —— 1.4 (-0.1,2.8) r -0.4 (-1.2,0.4)
Overweight —e— 1.2(0.1,2.3) — 1.7 (0.6,2.7)
Obesity — 1.7 (-0.1, 3.5) —_— 2.6(1.0,4.2)
Class I obesity —— 1.8(0.0,3.7) —— 1.5(-0.1,3.2)
Class II-III obesity E——— -0.3(-4.9,4.3) —_— 4.2(1.0,7.3)
Undiagnosed:
All adults - 0.6 (0.1,1.1) - 0.5(0.2,0.9)
Normal-weight r -0.3 (-0.8,0.3) - 0.2 (-0.3, 0.6)
Overweight T 0.3 (-0.4, 1.0) - 0.2(-0.2,0.7)
Obesity —_— 1.8(0.2,3.4) —— 1.0(0.1,1.9)
Class I obesity -T— 1.2 (-0.5,2.9) —— 1.0 (-0.1,2.1)
Class II-III obesity — 3.2(-0.2,6.7) - 0.9 (-0.7,2.5)
T T T T
-10 0 10 -10 0 10
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