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Abstract

Objective: Obesity rates in the United Kingdom are some of the highest in Western
Europe, with considerable clinical and societal impacts. Obesity is associated with
type 2 diabetes (T2D), osteoarthritis, cardiovascular disease, and increased
mortality; however, relatively few studies have examined the occurrence of multiple
obesity-related outcomes in the same patient population. This study was designed
to examine the associations between body mass index (BMI) and a broad range of
obesity-related conditions in the same large cohort from a UK-representative
primary care database.

Methods: Demographic data and diagnosis codes were extracted from the Clinical
Practice Research Datalink GOLD database in January 2019. Adults registered for
> 3 years were grouped by BMI, with BMI 18.5-24.9 kg/m? as reference group.
Associations between BMI and 12 obesity-related outcomes were estimated using
Cox proportional hazard models, adjusted for age, sex, and smoking.

Results: More than 2.9 million individuals were included in the analyses and were
followed up for occurrence of relevant outcomes for a median of 11.4 years during
the study period. Generally, there was a stepwise increase in risk of all outcomes
with higher BMI. Individuals with BMI 40.0-45.0 kg/m? were at particularly high
risk of sleep apnea (hazard ratio [95% confidence interval] vs. reference group: 19.8
[18.9-20.8]), T2D (12.4 [12.1-12.7]), heart failure (3.46 [3.35-3.57]), and hyper-
tension (3.21 [3.15-3.26]).

Conclusions: This study substantiates evidence linking higher BMI to higher risk of a
range of serious health conditions, in a large, representative UK cohort. By focusing
on obesity-related conditions, this demonstrates the wider clinical impact and the
healthcare burden of obesity, and highlights the vital importance of management,
treatment approaches, and public health programs to mitigate the impact of this

disease.
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1 | INTRODUCTION

In 2016, more than 1.9 billion adults worldwide were above
healthy weight (body mass index [BMI] > 25 kg/m?) and more than
650 million of these individuals were living with obesity
(BMI > 30 kg/m?).2 In line with this global trend, the prevalence of
obesity has risen steadily in the United Kingdom, with a particu-
larly sharp increase between 1993 and 2000.2 A report by the
Organisation for Economic Co-operation and Development using
data from 2018 found that the UK overweight and obesity rates
were some of the highest in Western Europe at 63% of the adult
population®; according to 2017 data, 26% of adults in England
were living with obesity.*

Across various observational studies, individuals with higher BMI
were shown to be at higher risk of a range of chronic conditions,
including sleep apnea,® type 2 diabetes (T2D), gallbladder disease,
and osteoarthritis, compared with those of healthy weight. In
addition, higher BMI has been linked with higher incidence of
cardiovascular conditions such as hypertension, dyslipidemia,
stroke, myocardial infarction (Ml), and coronary heart disease.®”
Cardiovascular disease accounts for a considerable proportion of
obesity-related mortality: a meta-analysis estimated that, in 2015,
approximately 4 million deaths worldwide were attributable to high
BMI, of which 2.7 million were linked to cardiovascular disease and
0.9 million were linked to diabetes.® Across studies, mortality has
been shown to increase non-linearly with increasing BMI.%1°

The total cost to the UK National Health Service (NHS) of
treating overweight, obesity and associated conditions was estimated
at £6.1 billion in 2014-2015, and costs are projected to rise to £9.7
billion by 2050.!! Another projection of future obesity-related
healthcare costs in the United Kingdom suggested that treatment of
comorbid conditions including T2D, heart disease, and stroke is likely
to constitute a considerable proportion of this economic impact in the
coming decades, with an estimated £2 billion annual excess spending
on obesity-related conditions by 2030.*? Obesity and its comorbid-
ities impose not only direct treatment costs on healthcare systems,*®
but also indirect costs on society, such as loss of work productivity.**

It is vital to assess further the association over time between
obesity and other health conditions, to understand both the clinical
impact on individuals living with overweight or obesity and the wider
burden on healthcare systems. This study was designed to examine
how a broad range of obesity-related conditions and events associate
with overweight or obesity, compared with healthy weight, in a large
cohort considered generalizable to populations in everyday clinical
practice. To allow longitudinal assessment of a large patient sample
and inclusion of multiple relevant outcomes in the analyses, data
from the well-recognized Clinical Practice Research Datalink (CPRD)
GOLD were used. CPRD GOLD is a large, population-representative

UK primary care database that links to secondary care data sets and

is widely used in epidemiology research across a broad range of

disease areas,*® including obesity.*¢

2 | MATERIALS AND METHODS

2.1 | Data sources and study population

This retrospective, longitudinal, observational cohort study used data
from the CPRD GOLD,'” an ongoing database of anonymized primary
care records from general practitioners in the United Kingdom that
includes information on patient demographics, disease symptoms,
laboratory test results, diagnoses, treatment, health-related behav-
iors and referrals to secondary care. The individuals in CPRD GOLD
are representative of the overall UK adult population in terms of age,
sex and ethnicity.'®

Data were extracted from the CPRD GOLD database in
January 2019 and merged with data from Hospital Episode
Statistics and death registration data from the Office for National
Statistics. This allowed information originating from hospital visits
and fatal events that were not included in CPRD GOLD to be
included in the analyses. Individuals included in this study were
adults (aged 18 years or older) with at least one height mea-
surement and one weight measurement available for calculating
BMI during the index period (January 2000-December 2010) and
registered in the database for at least 3 years before the date of
BMI measurement (baseline BMI) within the index period
(Figure 1). If an individual had more than one BMI recorded during
the index period, the earliest following 3 years of enrollment in
the database was taken as baseline BMI. Individuals included in
the study population were followed up for occurrence of relevant
outcomes for a median of 11.4 years during the study period (until
January 2019; Figure 2 and Table 1).

The study population was stratified into five groups based on
baseline BMI. Individuals with a BMI of 18.5-24.9 kg/m? were
considered normal weight and used as the reference group in the
data analyses. The other groups were BMI 25.0-29.9 kg/m? (over-
weight), BMI 30.0-34.9 kg/m? (obesity 1), BMI 35.0-39.9 kg/m?
(obesity 1), and BMI 40.0-45.0 kg/m? (obesity 111). Individuals with a
BMI less than 18.5 kg/m? were not included because they were
considered to be outside the scope of a study studying the impact of
overweight and obesity. Furthermore, variation in the underlying
reasons for low weight, such as eating disorders or cancer, was
considered to limit the validity of potential comparisons between this
group and other BMI groups. A wider definition of obesity class lll,
used by the World Health Organization and the UK National Institute
for Health and Care Excellence, includes all individuals with a BMI
greater than 40 kg/m2.1%2° In this study, the individuals with a BMI

greater than 45.0 kg/m? were more heterogeneous than the other
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FIGURE 1 Study flow diagram. BMI, body mass index; CPRD, Clinical Practice Research Datalink

Baseline BMI was the earliest measurement

occurring in the 11-year index period
that met the inclusion criteria

v

Baseline BMI
1 January 2000-31 December 2010

Study end
1 January 2019

Index date

-

- > <
Diagnosis codes occurring
before the index date
were recorded as baseline
comorbidities

+ B

Individuals were followed up until first
event, death, transfer-out date or study end

* Type 2 diabetes

» Asthma

* Sleep apnea

* Osteoarthritis

« Chronic kidney disease
* All-cause mortality

&

Conditions and events examined

 Hypertension

« Dyslipidemia

« Atrial fibrillation

« Heart failure (any)

« Unstable angina/MI (combined outcome)
« TIA/stroke (combined outcome)

J

FIGURE 2 Study design. BMI, body mass index; MI, myocardial infarction; TIA, transient ischemic attack

BMI groups because there were a small number of individuals with
very high BMI and, therefore, may have skewed the risks and out-
comes associated with this BMI group. This limited the validity of
potential comparisons with the other BMI categories, each of which
covered a 5-point BMI range; consequently, individuals with a BMI

greater than 45.0 kg/m? were excluded from the study.

2.2 | Exposure and outcomes

The large number of health conditions known or suspected to be
associated with obesity means that the precise impact of obesity

itself can be difficult to quantify fully. On the basis of a compre-
hensive report by the World Health Organization, which indicated
that diseases across multiple organ systems are linked to obesity,?* a
broad range of conditions and events were selected for inclusion in
analyses, which represent the cardiovascular, metabolic, endocrine,
musculoskeletal, respiratory and renal systems.

For ease of reporting, the 12 obesity-related conditions and
events in the analysis were grouped into five categories. The first
category comprised the high-prevalence conditions T2D, hyper-
tension and dyslipidemia. The second category comprised other
noncardiovascular conditions: asthma, sleep apnea, and osteoar-
thritis, whereas the third category comprised cardiovascular-
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TABLE 1 Baseline characteristics of the study population (n = 2,924,952) by BMI group

BMI group, kg/m?

40.0-45.0 Obesity I

30.0-34.9 Obesity |  35.0-39.9 Obesity Il

25.0-29.9 Overweight

18.5-24.9 (reference group)

All individuals

176,237 67,231

507,425

1,074,953

1,099,106

2,924,952

Number of individuals

110,876 (62.9) 47,641 (70.9)

269,204 (53.1)

534,496 (49.7)

710,121 (64.6)

1,672,338 (57.2)

Sex, number of women (%)

256,621 (50.6) 86,026 (48.8) 31,799 (47.3)

539,516 (50.2)

541,522 (49.3)

1,455,484 (49.8)

Smoking, number who ever smoked (%)

49 (38-61) 47 (37-58)

52 (40-64)

54 (40-66)

47 (33-63)

51 (37-64)

Median age, years (IQR)

101.6 (93.4-111.6) 114.3 (105.0-125.0)

90.0 (82.1-98.5)

77.0 (70.0-85.0)

63.0 (57.0-69.0)

75.0 (64.4-87.0)

Median weight, kg (IQR)

11.5 (7.8-14.9)

11.6 (7.9-15.1)

11.7 (7.9-14.9)

11.6 (7.4-14.9)

10.9 (5.8-14.5)

11.4 (6.8-14.8)

Median follow-up, years (IQR)

Abbreviations: BMI, body mass index; IQR, interquartile range.
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metabolic conditions (heart failure, chronic kidney disease [CKD]
and atrial fibrillation). The fourth category was acute cardiovas-
cular events, comprising two combined cardiovascular outcomes:
unstable angina/MI and transient ischemic attack (TIA)/stroke.
Finally, all-cause mortality was captured by extracting death dates
from CPRD GOLD.

Conditions and events were identified by the presence of Read
codes in CPRD GOLD and International Classification of Diseases,
10th revision codes in Hospital Episode Statistics and Office for
National Statistics data (Tables S1 and S2), with the date of
earliest diagnosis considered to be the event date (incident diag-
nosis). For hypertension and dyslipidemia, the event date was
either the prescription date of anti-hypertensive or lipid-lowering
medication, respectively, or the diagnosis date, whichever occurred
first. The number of days from baseline to the diagnosis date was
used as the time to event. Follow-up of each individual for a
specific condition ended at the date of first relevant diagnosis,
death, transfer-out date or study end (1 January 2019), whichever
occurred first.

Diagnoses that occurred before the start of follow-up were also
captured in this study and were considered to constitute baseline
comorbidities. When generating the model for any given condition,
individuals with the corresponding baseline comorbidity were
excluded from the analysis. However, individuals with both baseline
and incident diagnoses of acute cardiovascular events were eligible for
inclusion in survival analyses, because unstable angina/MI and
TIA/stroke were modeled as potential recurring events rather than as

one-time chronic diagnoses.

2.3 | Statistical analyses

Descriptive data for baseline characteristics were presented as me-
dian with interquartile range for continuous variables and as number
and proportion (%) for categorical variables. The prevalence of each
comorbidity at baseline was calculated based on corresponding di-
agnoses or events recorded before the baseline date. These data
were presented for the full cohort and for strata based on BMI group.

Cox proportional hazard models with age as the underlying
timescale were used to estimate the associations between BMI
and each obesity-related condition or event. A separate model was
developed for each condition/event and used to calculate the
hazard ratio (HR) and 95% confidence interval (Cl) for each BMI
group relative to the reference group. BMI was described as a
categorical variable, with the normal weight group (BMI 18.5-
24.9 kg/m?) as the reference category in the model. The analyses
were adjusted for sex and smoking status, which were encoded as
categorical variables; smoking status was coded as either “ever” or
“never” based on any recorded smoking status before the baseline
date.

In addition to the main analyses, supplementary analyses were
carried out to assess the impact of highly prevalent comorbidities

(T2D, hypertension, and dyslipidemia) at baseline and any prevalent
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cardiovascular event (unstable angina, MI, TIA, or stroke) on the
outcomes of interest. Cox proportional hazard models with age as
the underlying timescale and adjusted for BMI group, sex, and
smoking status were used, and the four comorbidities were enco-
ded as categorical variables indicating presence/absence of the
comorbidity at baseline. All statistical analyses were carried out
using the R environment for statistical computing and visualization
(version 3.4.4).

2.4 | Ethical approval and use of data

The CPRD is a real-world research service supporting retrospective
and prospective public health and clinical studies and is jointly
sponsored by the Medicines and Healthcare Products Regulatory
Agency and the National Institute for Health Research. The protocol
for this study using secondary data was approved by the CPRD
Independent Scientific Advisory Committee (protocol number
18_147), in accordance with the Declaration of Helsinki. Data were
used in accordance with the terms agreed to upon their receipt.
CPRD collects de-identified patient data from a network of GP
practices across the United Kingdom, and this study is therefore

based on pseudonymized data from the CPRD.

3 | RESULTS

3.1 | Baseline characteristics

The study population included a total of 2,924,952 individuals. The
median age of the study population at baseline was 51 years (inter-
quartile range [IQR]: 37-64), and the median BMI was 26.5 kg/m? (IQR:
23.5-30.1). In total, 57% of the study population were women.
Individuals in the overweight and obesity | groups had a greater
average age and a higher proportion of men than the total study
population, whereas those in the normal weight, obesity Il and obesity
I1l groups were younger on average and contained a higher proportion
of women. Baseline characteristics and prevalence of comorbidities at
baseline are shown in Table 1 and Figure 3, respectively.

In the total study population, the most common baseline
comorbidities were hypertension (present in 25.7% of the popula-
tion), dyslipidemia (13.2%), asthma (13.1%), osteoarthritis (10.1%),
and T2D (5.2%). Across all BMI groups, the prevalence of these five
comorbidities was typically higher in individuals with higher BMI.
However, unstable angina/MI, TIA/stroke and atrial fibrillation
events had similar or lower prevalence at baseline in the obesity Il

and obesity Il groups compared with lower BMI groups.

3.2 | BMI and risk of obesity-related outcomes

Figure 4 shows the risk of (A) high-prevalence conditions, (B) non-

cardiovascular conditions, (C) cardiovascular-metabolic conditions,
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(D) cardiovascular events, and (E) all-cause mortality for all BMI
groups during the follow-up period. Table S3 presents the corre-
sponding HRs and 95% Cls.

Compared with the reference group (18.5-24.9 kg/m?), the
highest BMI group (40.0-45.0 kg/m?) had a higher risk of all condi-
tions and events. Individuals with a BMI of 40.0-45.0 kg/m? were at
particularly high risk of sleep apnea (HR [95% Cl]: 19.8 [18.9-20.8])
and T2D (12.4 [12.1-12.7]). These individuals also had a more than
threefold higher risk of heart failure (3.46 [3.35-3.57]) and hyper-
tension (3.21 [3.15-3.26]) than individuals in the reference group.
HRs for all other outcomes examined were in the range of 1.2-2.8 for
the BMI 40.0-45.0 kg/m? group compared with the reference group.

In general, there was a stepwise increase in risk of high-
prevalence conditions, noncardiovascular conditions, cardiovascular-
metabolic conditions and unstable angina/MI with increasing BMI
group; however, individuals with a BMI of 25.0-29.9 kg/m? had a
slightly lower risk of TIA/stroke than those in the reference group
(HR[95% Cl]: 0.96 [0.95-0.97]). This pattern was also apparent in the
analysis for all-cause mortality, in both the BMI 25.0-29.9 kg/m? and
the BMI 30-34.9 kg/m? groups (HRs [95% Cls]: 0.80 [0.79-0.81] and
0.88 [0.88-0.89], respectively).

Smoking was associated with a higher risk of all conditions and
events studied, in particular unstable angina/MI (HR [95% Cl]: 1.54
[1.52-1.56]) and mortality (1.57 [1.56-1.58]). Male sex was a risk
factor for all conditions and events with the exception of osteoar-
thritis (0.69 [0.68-0.69]), asthma (0.72 [0.71-0.73]), and CKD (0.91
[0.91-0.92]), which were more common in women (Table S3).

3.3 | Contribution of baseline comorbidities to risk
of obesity-related outcomes

When the associations between high-prevalence baseline comor-
bidities, cardiovascular disease history and incident diagnoses
occurring during the study period were examined, individuals with a
previous diagnosis of T2D, hypertension, or dyslipidemia, or a history
of cardiovascular events, were at higher risk of experiencing partic-
ular conditions than those without these baseline comorbidities
(Figure 5 and Table S4).

T2D at baseline was associated with a more than threefold
higher risk of being diagnosed with dyslipidemia (HR [95% Cl]: 3.12
[3.10-3.15]) and a more than doubled risk of being diagnosed with
hypertension (2.34 [2.32-2.37]). Individuals who had hypertension at
baseline had nearly twice the risk of being diagnosed with CKD (1.93
[1.92-1.95]) or dyslipidemia (1.87 [1.86-1.88]), and also had an
increased risk of T2D diagnosis (1.68 [1.67-1.70]), compared with
those who were not diagnosed with hypertension before the start of
the study period. The baseline presence of dyslipidemia was associ-
ated with a comparatively higher risk of a diagnosis of T2D (1.28
[1.26-1.30]), sleep apnea (1.26 [1.22-1.30]), or unstable angina/MI
(1.26 [1.25-1.28]) during the study period.

Individuals with a history of any cardiovascular event had a more

than twofold higher risk of experiencing an unstable angina/MI event
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FIGURE 3 Prevalence of comorbidities in the study population (n = 2,924,952) at baseline. Bars indicate separate BMI groups and labels
show prevalence in full study population. MI, myocardial infarction; TIA, transient ischemic attack

(2.47 [2.43-2.51]), a dyslipidemia diagnosis (2.31 [2.28-2.33]), or a
TIA/stroke event (2.17 [2.14-2.20]), and a nearly twofold higher risk
of heart failure (1.91 [1.88-1.94]) during the study period, compared

with those who had never experienced a cardiovascular event.

4 | DISCUSSION

This study substantiates evidence of a link between high BMI and 12
serious health conditions and events in a cohort of over 2.9 million
adults, representative of the UK population. Individuals in the highest
BMI group had a substantially higher risk of all outcomes examined,
with a 20-times higher risk for sleep apnea, a 12-times higher risk for
T2D, and a threefold higher risk of experiencing certain cardiovas-
cular conditions, compared with individuals of normal weight. The
risk for most conditions was generally greater in higher BMI groups,
relative to groups with lower BMI. These findings are in line with
previous studies showing a positive correlation between BMI and risk
of these chronic conditions and cardiovascular events.>™” Individuals'
sex and smoking status affected the occurrence of health outcomes;
furthermore, individuals with T2D, hypertension, or dyslipidemia at
baseline had an increased risk for developing another one of these
three conditions in the future. There was also an association between
baseline dyslipidemia or a history of cardiovascular events and the
occurrence of these conditions during the study period.

In this analysis, individuals in the overweight group had a higher
risk of most outcomes than individuals in the reference group with
healthy weight; however, this was not the case for TIA/stroke and all-
cause mortality, for which individuals in the overweight and obesity |
groups had a risk of experiencing these outcomes that was similar to
or lower than that for individuals with normal weight. These results
for all-cause mortality are in line with the findings of several previous

meta-analyses, which reported a J-shaped distribution for mortality

plotted against BMI.%191622-24 Fyrthermore, an analysis of the
Framingham Heart Study found lower mortality following ischemic
stroke in individuals with BMI 25-30 kg/m? compared with those
who had normal weight.2> A possible explanation for the mortality
findings is that illness can cause weight loss, leading to reverse
causation bias: namely, conditions that carry an imminent risk of
mortality can cause reductions in BMI, rather than BMI reductions
causing mortality. This can lead to an underestimation of the mor-
tality risks associated with overweight or obesity.”?® To mitigate
possible underestimation of mortality risks, a study design with long
follow-up was used,” and adjustment were made for known potential
confounding factors including age,?® sex,?® and smoking history.”?*
However, residual confounding may still be present.

In general, the prevalence of baseline comorbidities in the study
cohort increased with higher BMI, with the exceptions of unstable
angina/Ml, TIA/stroke, and atrial fibrillation, which had similar or
lower prevalence in the obesity Il and obesity Il groups relative to
other BMI groups. This may be due to the disparities in median age
and sex across the BMI groups, which resulted in a greater propor-
tion of women and lower average age in the higher BMI groups than
in the other groups. This pattern may be attributable to survival bias:
older individuals with more severe obesity are likely to have more
cardiovascular comorbidities and consequently higher mortality;
therefore, surviving individuals in these groups may have a dispro-
portionately low rate of certain comorbidities.

A major strength of this study is the utilization of a large,
UK-representative primary care database, which allowed us to
examine a broad range of conditions in a single study population and
to compare the relative magnitude of risks between outcomes.
Furthermore, the large size of the study population, the long follow-
up period, and the use of data from real-world clinical practice mean
that the results are robust and highly generalizable. Including in-

dividuals on the basis of a single eligible BMI measurement during
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FIGURE 4 Risk of (A) high-prevalence conditions, (B) noncardiovascular conditions, (C) cardiovascular-metabolic conditions,

(D) cardiovascular events, and (E) all-cause mortality, by BMI group. Data shown are hazard ratios with 95% confidence intervals for each BMI
group relative to the reference group (normal weight), derived from Cox proportional hazard models adjusted for age, sex, and smoking status.
Note that y-axis scales differ between conditions. BMI, body mass index; MI, myocardial infarction; TIA, transient ischemic attack

the index period greatly increased the available sample size, meaning
that the analyses had strong statistical power to estimate the rela-
tionship between BMI and future disease risk with a high degree of
confidence. However, this study design meant that BMI was not

tracked over time, and therefore a more precise relationship between

cannot be inferred from the data.

individual BMI changes and occurrence of obesity-related conditions

Observational studies such as the present study can be subject to
confounding and other biases. Potential confounders, particularly

details about individuals' lifestyles and certain demographic factors,
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such as ethnicity, are unlikely to be fully captured in primary care
records and therefore are not taken into account in the analyses.

Although diagnostic codes and prescriptions data are an acceptable

means of detecting disease incidence in such data sources, disparities
in how certain conditions are detected, formally diagnosed and

treated mean that this method can lead to both over- and
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underpredictions of outcome risks. This can also create bias when
assessing associations between conditions; for example, the pre-
scription of statins to treat dyslipidemia may increase T2D risk.?’
Finally, although BMI is a reliable screening tool for overweight and
obesity, and is the best means of defining these conditions when
using data sources in which only height and weight data are routinely
collected, it should not be used in isolation when other data are
available. Waist circumference and body fat percentage are also
valuable indicators of obesity or obesity-related risks and should be
taken into consideration in clinical practice.28-%°

Another limitation of the study was the requirement to exclude
individuals with a BMI greater than 45 kg/m?; however, it is likely
that estimation of outcome risks for this group would have been
skewed by a number of individuals with very high BMI. Additionally,
the inclusion criterion requiring at least 3 years' registration in
CPRD to capture adequate historical data meant that a large
number of individuals were automatically excluded from the
analysis, creating a potential for bias. Furthermore, there were
differences between sample sizes in the study, which means that
the large disparities in risks between the highest BMI group
(n = 67,231) and the reference group (n = 1,099,106) should be
treated with a degree of caution. It should also be noted that
individuals with higher BMI and/or more conditions of interest are
disproportionately likely to have contact with primary care services,
meaning that comparatively fewer healthcare data are available for
individuals of normal weight. Therefore, this study could conceiv-
ably have been biased toward detecting individuals with higher
BMI. However, reporting of BMI in CPRD increased during the
study period, and from 2005 to 2011, 77% of included individuals

had a previous BMI measurement,!

which partly mitigates this risk
of bias.

The results of this study highlight the clear association between
BMI and the risk of future health outcomes and provide a valuable
basis for further research into obesity. Subsequent analyses are
needed to quantify the contribution of other relevant risk factors,
such as height, and, with modifications to our study design, the CPRD
could also be used to examine the impact of obesity on mental health
in the same population. To show associations between changes in
BMI over time and obesity-related complications, a different, longi-
tudinal study design would be required; indeed, this has been carried
out in a subsequent study using the CPRD.

Recent studies using the CPRD have also highlighted the
additional resource use incurred in populations who have T2D or
cardiovascular disease in addition to obesity.5>33 Although a sizable
proportion of obesity-related costs and resource use are known to
be contributed by complications of the disease,®*%> there is
considerable variation in which conditions are included in overall
cost estimation for obesity.3® Therefore, as well as demonstrating
the cost benefits to be gained by a reduction in obesity rates,” data
quantifying the impact of BMI on the risk of chronic conditions are
needed to generate reliable inputs for economic evaluations of

obesity.
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Despite public health programs and management strategies,
obesity prevalence remains high in many nations.® The clinical,
societal, and economic impacts of obesity have been brought into
sharper focus by the coronavirus disease 2019 (COVID-19)
pandemic. International data indicate that obesity is a risk factor for
hospitalization and mortality associated with COVID-19,°% and
preliminary studies in the UK populations have suggested that not
only is higher BMI positively correlated with COVID-19 severity and
mortality, but other conditions that commonly occur as complications
of obesity, such as T2D and hypertension, are also risk factors for
poor outcomes related to COVID-19.27"%' These findings have
particularly severe implications in the United Kingdom, which both
have some of the highest rates of overweight and obesity worldwide®
and, at the time of writing, have one of the highest numbers of
COVID-19-related deaths per million people.*? Furthermore, as the
number of COVID-19 cases increases, individuals with chronic health
conditions are also likely to experience disruption to routine care due
to increased pressure on healthcare systems.*® As a consequence of
the pandemic, public health and clinical strategies to reduce obesity
rates have been announced as a major priority in the United
Kingdom.***°> The results of the present study illustrate how vitally
this is needed for individuals, healthcare systems and society.

The results of this study indicate that higher BMI is associated
with increased risks for a range of serious health conditions. This
demonstrates the requirement for effective treatments for in-
dividuals living with obesity, as well as wider public health and health
educational programs to slow and limit the development of the dis-
ease on a population level*® Only via such measures can the
considerable societal costs of obesity and its related conditions be

mitigated, and its impact on healthcare systems®” managed.
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