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1 | INTRODUCTION

The global prevalence of obesity (body mass index [BMI] 230 kg/m?)
has risen over recent decades, and this trend is set to continue.
According to estimates in the 2023 World Obesity Atlas, 38% of the

Abstract

Aims: To estimate healthcare resource utilization (HCRU) and healthcare costs by body
mass index (BMI) in a UK cohort and to explore how this varied by defined BMI strata.
Materials and Methods: This retrospective open cohort study used Discover, a linked
primary and secondary electronic health records database covering 2.7 million individ-
uals. Adults were stratified by BMI as: overweight (25-<30 kg/m?); obesity class | (30-
<35 kg/m?); obesity class Il (35-<40 kg/m?); or obesity class Ill (240 kg/m?). Cost data,
comprising primary care, secondary care (inpatient admissions, outpatient appoint-
ments and emergency room visits) and prescriptions, were reported for 2015-2019.
Results: Overall, 1 008 101 individuals were overweight, 278 782 had obesity class |;
80 621 had obesity class Il, and 42 642 had obesity class Ill. Healthcare costs and HCRU
events per person per year increased over time (2015: £851-£1321 and 10.6-13.4
events; 2019: £1143-£1871 and 11.4-14.9 events), and were higher for each succes-
sive BMI group. Groups with chronic kidney disease or cardiovascular disease incurred
particularly high costs. In 270 493 individuals with obesity in 2019, more than 72% of
total healthcare costs were incurred by the highest cost quintile, which had a higher
mean age and more obesity-related complications (ORCs) than lower cost quintiles.
Conclusions: The economic impact of obesity could be alleviated by weight manage-
ment support based on unmet need, to limit the effects of BMI progression and ORC

development.
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global population (aged >5 years) had either overweight (BMI 25-
<30 kg/m?) or obesity in 2020.* This figure is expected to rise to 51%
by 2035, and 24% of individuals are projected to have obesity by that
year.! Obesity is particularly prevalent in some regions, including
North America and Western Europe.? In the United Kingdom, data
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from the Health Survey for England indicate that 36% of the overall
adult general population (aged 216 years) in 2019 had overweight and
31% had obesity, with 3% of the general population in the highest
class of obesity (BMI 240 kg/m?).2

An analysis using data from more than 2 million individuals in the
UK Clinical Practice Research Datalink (CPRD) estimated the age-
standardized risk of transitioning from overweight to obesity over
10 years to be 29%.* For people with obesity class | (BMI 30-<35 kg/
m?) or Il (BMI 35-<40 kg/m?), the absolute risk of transition to obe-
sity class Il over 10 years was 5%-22%, with higher risks in younger
age groups. The importance of preventing this BMI progression is
underlined by the close link between obesity and the development of
chronic comorbidities, termed obesity-related complications (ORCs).
These are conditions such as type 2 diabetes (T2D), cardiovascular
disease and osteoarthritis of the knee (KOA), for which prevalence is
positively associated with increasing BMI category.>® In addition to
their clinical impact, the presence of ORCs in people with obesity
leads to additional healthcare resource utilization (HCRU) and health-
care costs.”® The HCRU associated with different ORCs varies among
types and number of conditions, and individuals with multimorbidity,
defined as two or more chronic conditions, typically incur higher costs
and HCRU than those with just one condition.”

The economic and clinical impacts of obesity on a population level
can be addressed only by understanding the factors underlying HCRU
and healthcare costs, and by identifying individuals at high risk of
experiencing costly ORCs. To identify these areas of unmet need, we
used data from a UK population to track costs and HCRU events
between 2015 and 2019 in groups stratified by BMI (overweight or
obesity class I, Il or lll) and by the presence of ORCs. We then
extended this analysis to identify and characterize the subgroup of
individuals with obesity who incurred the highest costs in 2019.

2 | MATERIALS AND METHODS

2.1 | Datasource

This study used data from individuals identified in the real-world Dis-
cover database, which comprises linked electronic health records from
primary care (from 1 January 2004) and secondary care (from
1 January 2015), covering 95% of the population residing in North
West London, UK (2.7 million people),’® with linkage to the Whole
database.!!

patient-level data are available for research through an application

Systems  Integrated Care Pseudo-anonymized
process via the North West London Information Governance Steering

Group.

2.2 | Study design

This was a retrospective open cohort study. The study period began
on 1 January 2004 and ended on 31 December 2019, to exclude
healthcare data from the period during which healthcare systems

were disrupted by the COVID-19 pandemic. The index date was the
date during the study period on which an individual had an eligible
BMI measurement and matched all other required criteria. Individuals
were followed up from their index date until their study end date,
which was either month of death, transfer-out date from the North
West London region or end of study period, whichever was earliest.
Here, we present cost data from eligible individuals in the database
during the period 2015-2019.

2.3 | Study population
Eligible individuals aged 18 years or older with known sex were strati-
fied into cohorts according to BMI measurements (either directly
recorded or calculated based on height and weight) at study entry:
overweight (25-<30 kg/m?), obesity class | (30-<35 kg/m?), obesity
class Il (35-<40 kg/m?), obesity class Ill (240 kg/m?), in line with
National Institute for Health and Care Excellence guidance.'?

Individuals were assessed on 1 January of each year using the
most recent BMI measurement, and could remain in the same BMI
group, transition to a different group, or enter an inactive group if
their BMI was <25 kg/m? or there was no BMI measurement in the
previous 3 years. Individuals in the inactive group were assessed with
the rest of the study population on 1 January of each year, and could
re-enter the analysis if the relevant criteria were met.

Individuals were excluded if they had no record of general practitioner
(GP) or nurse practitioner visits for more than 5 years during follow-up.

Serial cross-sections consisting of all eligible individuals in the
study database in each calendar year over the study period were
assembled for mapping annual HCRU and costs. Individuals were fol-
lowed up until their study end date, providing outcomes for a given

calendar year regardless of time spent in the study population.

24 | Costsand HCRU events

The primary outcome of interest was all-cause total direct healthcare
costs and cost components, comprising costs of primary care
(GP consultations and practice nurse appointments, which were
grouped together in component analyses), secondary care (inpatient
admissions, outpatient care and emergency department visits) and
prescriptions (see supplementary material in Data S1 for additional
details). Overall and setting-specific HCRU was quantified as events
per year for primary and secondary care interactions; prescriptions
were not included in this assessment.

Primary care costs were derived from the Personal Social Services
Research Unit (2020),'° and secondary care costs were derived from
the Secondary Uses Service, produced by National Health Service
Digital. Prescription costs were calculated using net ingredient costs
obtained from the national report on the net ingredient cost of all pre-
scriptions dispensed in England in 2019.1#

Healthcare costs were calculated for each year of the period

2015-2019, and as mean annual costs over that period. Costs were
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adjusted to 2019 costs in pound sterling using UK Consumer Price
Index inflation data from the Office for National Statistics.

2.5 | Obesity-related complications

The presence of ORCs was determined from primary or secondary
care records using diagnosis codes (see supplementary material and
Table S1 in Data S1). Diagnosis codes present at any time in each indi-
vidual's healthcare record were considered relevant. Comorbidities
considered when defining groups with 21, 22 or 23 ORCs in the anal-
ysis were asthma, atherosclerotic cardiovascular disease (ASCVD;
including cerebrovascular disease, ischaemic heart disease or periph-
eral artery disease), back pain, chronic kidney disease (CKD) stages 3-
5, dyslipidaemia, gastro-oesophageal reflux disease, heart failure,
hypertension, KOA, obstructive sleep apnoea (OSA), polycystic ovary
syndrome, prediabetes, psoriasis, T2D and urinary incontinence.

2.6 | Cost quintile analysis

To characterize the subgroup with obesity that incurred the highest
costs, a cohort comprising individuals with obesity in 2019
(a composite of all obesity classes) was grouped into equally sized
quintiles based on healthcare costs in that year. Demographic charac-

teristics and ORCs were also assessed for each quintile.

2.7 | Statistical analysis

All outcomes were age-standardized to the European Standard Popu-
lation in 2013.*> Descriptive data are presented as mean (standard
deviation [SD]) or median (interquartile range) for continuous variables
and as number and percentage for categorical variables. In addition,
95% confidence intervals for cost data are included in supplementary
tables in Data S1.

3 | RESULTS

3.1 | Study population and baseline characteristics
Of the 3 235 693 individuals in Discover during the 2004-2019 study
period, a total of 1 410 146 individuals met the eligibility criteria for
inclusion in the analysis: 1 008 101 with overweight, 278 782 with
obesity class |, 80 621 with obesity class Il, and 42 642 with obesity
class lll. Per calendar year reported for the analysis of costs, 624 224
individuals were included in 2015, 622 800 in 2016, 628 020 in 2017,
639 798 in 2018 and 651 196 in 2019. The numbers of included indi-
viduals per year in each BMI group for the full study period are shown
in Table S2 in Data S1.

Baseline characteristics for included individuals at index date are
shown in Table 1. The mean (SD) age ranged between 40.7 (15.6) and

43.1 (16.0) years across the groups. Overall, 45.9% of those with
overweight were women, and there was a greater proportion of
women in each successive obesity class (class I: 50.6%; class Il: 60.5%;
class lll: 65.3%). In all groups, approximately 50% of individuals were
White.

Age-standardized ORC prevalence estimates indicated that
approximately half of individuals had at least one ORC at baseline
(49.9%-59.2% across BMI groups; Table 1). The most common ORCs
were hypertension (20.6%-31.2% across groups) and T2D (7.5%-
13.8% across groups). The age-standardized prevalence of 21, >2 and
23 ORCs increased in each successive BMI group, and the same pat-
tern was observed for heart failure, hypertension, KOA, OSA
and T2D.

The prevalence of ORCs in the study cohort increased from 2015
to 2019. Table S3 in Data S1 shows the number of individuals in each
BMI group with 23 ORCs in each calendar year of the analysis.

3.2 | Total healthcare costs and HCRU events for
2015-2019

The total healthcare costs incurred by each BMI group increased in
each successive year (Figure 1A and Table S4 in Data S1). For exam-
ple, the mean cost per person per year (PPPY) in the group with over-
weight was £851 in 2015 and £1143 in 2019. The equivalent mean
costs for the group with obesity class Ill were £1321 in 2015 and
£1871 in 2019. In each year, costs were higher with increasing BMI
group, and this disparity grew over time. In 2015, costs were 55%
higher for those with obesity class Ill versus overweight, whereas in
2019 they were 64% higher.

Similar patterns were observed for HCRU events (Figure 1B and
Table S5 in Data S1): the mean number of events increased with BMI
group and over time, with greater increases in the highest obesity
classes (2015: overweight, 10.6 events; obesity class Ill, 13.4 events;

2019: overweight, 11.4 events; obesity class lll, 14.9 events).

3.3 | Cost components
Inpatient admissions were the largest contributor to costs (Figure 1A
and Table Sé in Data S1), and the overall proportion of total health-
care costs attributable to inpatient admissions was higher for succes-
sive BMI groups. There were also greater increases in inpatient
admissions costs than in other types of cost over time: in 2015, 35%-
37% of total costs were attributable to inpatient admissions, but by
2019 this had increased to 45%-49%. However, there was only a
small increase in the mean number of inpatient admissions PPPY
(2015: 0.2-0.3; 2019: 0.4-0.5; Figure 1B), indicating that individual
admissions may have grown more costly over time.

Prescriptions and primary care were the next largest contributors
to total healthcare costs. Primary care appointments were the most
frequent type of HCRU event, with the mean number of appoint-

ments PPPY ranging between 8.7 and 11.6, increasing for successive
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TABLE 1 Baseline characteristics of individuals included in the analyses.

Overweight Obesity class | Obesity class Il Obesity class Il

Baseline characteristic (n = 1008 101) (n = 278 782) (n = 80 621) (n = 42 642)

Age, years, mean (SD) 41.2 (16.0) 43.1 (16.0) 42.8 (15.9) 40.7 (15.6)

Women, n (%) 462 678 (45.9) 141 035 (50.6) 48 805 (60.5) 27 836 (65.3)

BMI, kg/m?, mean (SD) 26.9 (1.4) 31.9(1.4) 37.0(1.4) 46.4(7.1)

Ethnicity, n (%)

White 491 796 (48.8) 135 968 (48.8) 40 728 (50.5) 23 027 (54.0)
Asian or Asian British 281 849 (28.0) 69 206 (24.8) 16 715 (20.7) 7040 (16.5)
Black or Black British 87 480 (8.7) 31693 (11.4) 10 812 (13.4) 5809 (13.6)
Mixed 28 744 (2.9) 8374 (3.0) 2625 (3.3) 1608 (3.8)
Other 88074 (8.7) 24 149 (8.7) 6774 (8.4) 3573 (8.4)
Unknown 30 158 (3.0) 9392 (3.4) 2967 (3.7) 1585 (3.7)

ORCs, age-standardized prevalence, %

AF 1.9 1.9 20 2.5
ASCVD 7.7 7.9 8.0 7.9
CKD 1.9 1.5 1.6 1.9
Depression 3.0 2.8 3.4 3.7
Heart failure 1.0 14 1.7 2.3
Hypertension 20.6 25.3 29.5 31.2
KOA 29 4.0 51 5.5
OSA 0.3 0.6 1.0 1.9
Prediabetes 2.3 1.7 1.9 20
T2D 7.5 9.5 12.3 13.8
21 ORC 49.9 52.6 57.5 59.2
>2 ORCs 23.7 25.9 30.0 322
>3 ORCs 10.5 11.7 14.2 15.9

Abbreviations: AF, atrial fibrillation; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CKD, chronic kidney disease; KOA,
osteoarthritis of the knee; ORC, obesity-related complication; OSA, obstructive sleep apnoea; SD, standard deviation; T2D, type 2 diabetes.

BMI groups and remaining stable over time. Outpatient costs and
mean number of outpatient appointments PPPY increased slightly
over time: in 2015, average costs were £115-£178 and there were
1.0-1.5 appointments, whereas in 2019 average costs were £171-
£246 and there were 1.5-2.1 appointments (all data PPPY). The mean
number of outpatient appointments was also higher for successive
BMI groups. Only 4%-5% of total healthcare costs were attributable
to emergency department visits, and the number of visits did not

increase substantively over time.

3.4 | Healthcare costs by obesity-related
complication group

Average annual total healthcare costs for 2015-2019, grouped by the
presence of specific ORCs and by number of ORCs, are shown in
Figure 2. In general, costs were higher for each successive BMI group,
the only exceptions being for individuals with CKD and heart failure.
There was variation in healthcare costs between ORC groups: those
incurring the highest annual costs were heart failure (£3651-£4320

PPPY across BMI groups), CKD (£2943-£4161), ASCVD (£2685-
£3492) and atrial fibrillation (£2474-£3124). In addition, individuals
with OSA and obesity class Ill incurred average annual costs of
£2729 PPPY.

Healthcare costs increased with number of ORCs: costs PPPY
were £1147-£1749 in the BMI groups with 21 ORC, £1353-£1957 in
those with 22 ORCs and £1658-£2281 in those with 23 ORCs.

3.5 | Cost quintile analysis

In total, 270 493 individuals with obesity were included in the 2019
cost quintile analysis, resulting in approximately 54 100 individuals in
each quintile (Table 2). The highest cost quintile (Q5) accounted for
more than 72% of the total mean healthcare costs in 2019: £4670
PPPY (Figure 3A and Table S7 in Data S1). Costs for the next highest
quintile (Q4) were much lower at £1034 PPPY, and were £45 PPPY in
the lowest cost quintile.

As shown in Table 2, the mean (SD) age increased stepwise across
the quintiles (Q1: 41.3 [13.3] years; Q5: 58.9 [16.5] years), as did the
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FIGURE 1 (A) Cost components and (B) number of healthcare resource utilization events by calendar year and body mass index group. GBP,
pound sterling; PPPY, per person per year.
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Average annual cost for 2015-2019 (GBP)

FIGURE 2 Average annual total costs
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proportion of women (Q1: 45.5%; Q5: 62.3%). There was also evi-
dence of a small increase in mean (SD) BMI by cost quintile (Q1: 34.2
[4.9] kg/m?%; Q5: 35.1 [5.3] kg/m?).

The prevalence of specific ORCs and multiple ORCs was consid-
erably greater in Q5 than in Q1 (Figure 3B and Table S8 in Data S1).

Relative to individuals in Q1, individuals in Q5 were approximately
five times more likely to have ASCVD (Q1: 3.2%; Q5: 16.0%), depres-
sion (Q1: 2.4%; Q5: 11.6%) or T2D (Q1: 6.2%; Q5: 29.6%), and were
also more than twice as likely to have hypertension or back pain. Just
over half of individuals in Q1, but almost all individuals in Q5, had =1
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TABLE 2 Baseline characteristics of individuals with obesity in 2019 by cost quintiles.
Obesity Q1
Characteristic (N = 270 493) (n = 54 099)
Age in 2019, years, mean (SD) 49.9 (16.3) 41.3(13.3)
Women, n (%) 153 751 (56.8) 24 618 (45.5)
BMI in 2019, kg/m?, mean 34.6 (4.9) 34.2 (4.9)

(SD)

Abbreviations: BMI, body mass index; Q, quintile; SD, standard deviation.

FIGURE 3 (A)Annual and cumulative (A)
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ORC (53.5% vs. 85.6%). Individuals in Q5 were more than twice as
likely to have 22 ORCs than those in Q1 (Q1: 25.4%; Q5: 67.2%), and
more than four times as likely to have 23 ORCs (Q1: 11.0%;
Q5: 48.8%).

4 | DISCUSSION

The aim of this study was to use a large, representative electronic
health records database to investigate how HCRU and costs were
distributed across individuals living with overweight or obesity. We
found that healthcare costs increased over time for people living
with overweight or obesity, and both costs and cost increases were
greater for successively higher BMI groups. This suggests that
healthcare costs are increasing overall for this population, but costs

for those in higher obesity classes are rising more sharply. We also
found evidence that costs in obesity are strongly skewed, with 20%
of those living with obesity in 2019 accounting for more than 72%
of total
unmet need.

A key finding of this study was that both total healthcare
costs and HCRU increased between 2015 and 2019 for individuals

with overweight or obesity. Importantly, the assessment of cost

healthcare costs, demonstrating large variation in

components and event types provides insights into the factors
driving these findings. Although the number of inpatient admis-
sions PPPY remained similar over time, the costs of these admis-
sions increased, indicating that individual appointments became
more costly. One possible interpretation of this is that patients
who were hospitalized in each successive year of the follow-up

period were more unwell than those hospitalized in previous years,
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perhaps requiring longer lengths of stay once admitted. The
increasing number of outpatient appointments over time in all
groups also suggests that the study population experienced more
health problems as follow-up progressed. Overall, the findings of
our study indicate that costs and HCRU increase over time in indi-
viduals with overweight or obesity. Our results are aligned with
previous analyses, which found that inpatient, outpatient, emer-
gency room and drug costs increased over 8 years in a large US
population with obesity.*¢”

Previous studies, including a cross-sectional study18 and a sys-
tematic literature review,*” have shown that higher BMI is linked to
greater healthcare costs. In our analysis, there was a stepwise increase
in total healthcare costs, all cost components and mean numbers of
HCRU events for each successive BMI group in every calendar year,
and the disparity between the overweight and obesity class Il groups
increased over time. This was particularly apparent for the cost of
inpatient admissions, for which the disparity between obesity class IlI
and all other BMI groups increased markedly from 2015 to 2019. This
suggests that individuals in the highest obesity class may be at partic-
ularly high risk of experiencing major health problems. The increase in
healthcare costs for all groups over time is likely to be driven in part
by increases in ORCs, as shown by the finding that the proportion of
each BMI group with at least three ORCs increased between 2015
and 2019.

Assessment of average annual total healthcare costs for groups
with specific ORCs showed that costs increased with BMI, but also
appeared to vary depending on the type and number of ORCs pre-
sent. The ORC groups with CKD or cardiovascular conditions
incurred the highest costs. Costs were also higher in groups with
successively higher numbers of ORCs, suggesting that multimorbid-
ity may lead to higher HCRU. Notably, average annual costs for
individuals with obesity class Ill and at least one ORC (£1749)
were only slightly higher than those for the group with overweight
and at least three ORCs (£1658). This indicates that the presence
of ORCs may be associated with healthcare costs even in individ-
uals with overweight rather than obesity. This is consistent with
the findings of a previous analysis of US data, in which costs for
individuals with specific ORCs, particularly CKD and CVD, were
generally higher in higher obesity classes relative to lower
classes.”

The cost quintile analysis found that 20% of the included indi-
viduals with obesity in 2019 incurred nearly three-quarters of the
total healthcare costs. Relative to the lower cost quintiles, individ-
uals in this group were older and more likely to be women, had
slightly higher BMI, and had a higher comorbidity burden and
greater rates of ORC multimorbidity. The high healthcare costs
incurred by this particular group suggest that the overall economic
impact of obesity could be greatly reduced by identifying high-risk
individuals and offering prompt support and treatment to limit the
progression of obesity and its complications. Importantly, previous
real-world studies have indicated that weight loss can reduce both
ORC risk?®?! and healthcare costs,?? highlighting the beneficial
impacts of weight management.

Our study has several strengths. Discover contains a large, longi-
tudinal set of detailed electronic healthcare records.**?® Therefore,
our use of this database allowed us to identify large samples of indi-
viduals with eligible BMI measurements, permitting a robust cost
quintile analysis to characterize a subgroup with high unmet need.
This builds on the results of the present analysis and those of previous
studies by indicating how existing knowledge about the impact of
BMI and ORCs on healthcare costs can be translated into clinical prac-
tice. By prioritizing early intervention, the risk of progression to higher
BMI classes, development of ORCs and requirement for HCRU can be
limited or avoided.

The analysis was subject to the common limitations of observa-
tional studies. The study design required that an interaction with
the healthcare system must have taken place in order for an eligible
BMI measurement to be present, meaning that not all individuals in
the population of interest were included. Electronic health records
data and related research have the potential for misdiagnosis, mis-
coding and misclassification. This can affect studies of obesity; for
example, an analysis of CPRD data found that the accuracy and
completeness of BMI measurements in the database varied over
time and according to demographic factors.2* Owing to data avail-
ability, BMI was used as the only indicator of overweight or obesity
in our analyses, and other measures, such as waist-to-hip ratio, were
not considered. The data were externally age-standardized, but the
analyses were not adjusted for other demographic factors such as
age or ethnicity. As this was intended as a purely descriptive analy-
sis, rather than an attempt to explore the individual effects of ORCs
and other risk factors on healthcare costs, adjustment for multimor-
bidity or specific ORCs was outside the scope of the present study.
Therefore, although costs were higher in groups with particular
ORCs, and cost increases over time were accompanied by increases
in multimorbidity, it is not possible to link our cost data definitively
to the presence of ORCs. Future analyses incorporating regression
analyses to quantify the impact of different ORCs on healthcare
costs and HCRU events would be of great interest. Analyses that
consider direct non-medical and indirect costs in addition to direct
medical costs would also be of value.

In conclusion, healthcare costs varied across subgroups of individ-
uals with overweight or obesity, tending to be greater in those with
higher BMI and specific ORCs. This indicates the key importance of
early intervention to limit the HCRU that results from BMI progression
and treatment for ORCs. The people living with obesity that have the
highest healthcare costs have a relatively high comorbidity burden and
prevalence of ORC multimorbidity. Targeted prevention and obesity
management efforts that reflect the variation in unmet need and sup-
port individuals in high-risk groups could both improve the health of
people living with obesity and reduce healthcare demand and corre-
sponding costs.
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