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Summary

Background/Objectives

The economic burden of obesity and type 2 diabetes (T2D) rises with increasing
prevalence. This study estimates the association between obesity, healthcare resource
utilization (HCRU) and associated costs in individuals with/without T2D.

Subjects/Methods

This observational cohort study used the United Kingdom Clinical Practice Research
Datalink data. Between 1 January 2011 and 31 December 2015, total HCRU costs and
individual component costs (hospitalizations, general practitioner contacts, prescrip-
tions) were calculated for individuals linked to the Hospital Episodes Statistics database
with/without T2D with normal weight, overweight, class I, Il, lll obesity.

Results

A total of 396,091 individuals were included. Increasing body mass index (BMI) was
associated with increased HCRU costs. At each BMI category, costs were greater for
individuals with than without T2D. Relative to normal BMI, increasing BMI was positively
associated with increased HCRU costs, with similar magnitude regardless of T2D. The
total HCRU cost for an individual with class Il obesity was 1.4-fold (£3,695) greater than
for normal weight.

Conclusion

In the United Kingdom, HCRU costs were positively associated with increasing BMI,
irrespective of T2D status. The combination of T2D and obesity was associated with
higher HCRU costs compared with individuals of the same BMI, without T2D. These
findings suggest that prioritizing weight management programmes focused specifically
on individuals with obesity and T2D may be more cost-effective than for those with
obesity alone.
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Introduction

A recent meta-analysis of 129 studies across four con-
tinents demonstrated that excess weight is consistently

The prevalence of obesity, a complex, multifactorial
disease, is increasing, along with the associated
economic burden (1). Globally, 2.8 million individuals die
each year as a result of having overweight or obesity (2).
As the degree of obesity, estimated by body mass index
(BM), increases, so does the risk of mortality and the risk
of developing comorbid conditions including coronary
heart disease, type 2 diabetes (T2D) and stroke (2).
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associated with higher healthcare costs. In the United
States (USA) and United Kingdom (UK), overweight con-
tributes to an increase of 12% in total annual healthcare
costs and obesity contributes to an increase of 36% (3).
This increase in cost is largely driven by the presence of
obesity-related comorbidities, primarily T2D (4).

Type 2 diabetes, a chronic metabolic disease charac-
terized by elevated blood glucose, affects 425 million
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adults globally (5). The number of individuals with T2D is
expected to rise to 629 million by 2040 (5). In the USA, a
greater BMI has been shown to be associated with higher
annual healthcare costs at all glycaemic stages (6). In the
same study, Li et al. reported that individuals with
prediabetes and T2D were subject to greater total
healthcare costs when compared with individuals of
normal glycaemic status. Individuals with extreme obesity
(BMI > 40 kg m 2) were subject to similar increases
regardless of glycaemic status (6).

Unlike in the USA, detailed analyses of the association
between BMI and healthcare costs for individuals with
and without diabetes are currently unavailable in
healthcare systems predominantly provided by the state
such as in the UK. Owing to the different patterns of
healthcare utilization, estimating specific UK costs from
US data is impossible. It remains unclear whether the
same associations in BMI and healthcare costs are
present in the UK.

In the UK, T2D accounted for 89.7% of all cases of
diabetes diagnosed in 2016 (7), and in 2010, it was esti-
mated that the cost of diabetes equates to around 10%
of total National Health Service expenditure (8). Less than
a quarter of this cost relates to the treatment and ongoing
care of individuals with diabetes, with the remaining
expenditure associated with the treatment of complica-
tions of diabetes (8). Between April 2006 and March
2017, the number of prescriptions issued for diabetes
medications in the UK increased by 80%, compared with
a 46% increase in prescriptions for all drugs in the British
National Formulary (7). With the expected increase in the
prevalence of obesity and diabetes, and the clear link
between the two diseases, it is likely that the economic
burden of both diseases on healthcare resources will
continue to rise. Assessing the economic burden of
obesity in relation to diabetes and identifying the driving
factors behind the increased cost may assist healthcare
providers in developing strategies to manage the cost of
the disease.

The aim of this study was to estimate the association
between obesity, healthcare resource utilization (HCRU)
and associated costs in both individuals with and without
T2D, using the large population-based Clinical Practice
Research Datalink (CPRD) Gold database from the UK.
We hypothesize that both increased BMI and presence
of T2D will be associated with an increase in healthcare
costs, due to an increased need for healthcare resource
among individuals with higher BMI and T2D.

Methods

This was an observational cohort study using data
derived from the CPRD Gold, a UK electronic medical

records database administered by the Medicine and
Healthcare Products Regulatory Agency and the National
Health Service. The database contains information
regarding general practitioner (GP) contacts, prescrip-
tions, laboratory tests, demographic and anthropometric
measures, and via linkage to Hospital Episodes Statistics,
data on admissions, discharge and inpatient procedures.

Individuals registered on the CPRD between 2009 and
2010, who had Hospital Episodes Statistics data, were
included in the study. Individuals without acceptable data
(determined by CPRD database standards) were
excluded along with individuals aged <18 years, individ-
uals diagnosed with type 1 diabetes (T1D) and those with
a BMI of <18.5 kg m 2.

Eligible individuals were split into two subgroups, those
with T2D and those without T2D, and followed from 1
January 2011 to 31 December 2015. Remaining individ-
uals with a prescription for oral anti-diabetic drug (OAD)
were classified as T2D. Individuals with a prescription
for insulin, but without prescription for OADs, were classi-
fied as T1D. Individuals with a high HbA;.
(>47 mmol mol~'; >6.4%) with either no diagnosis or a
diagnosis of both T1D and T2D and no medication were
classified as T2D.

The primary objective of the study was to estimate the
cost of HCRU by BMI category in individuals with and
without T2D. Total HCRU costs and individual compo-
nent costs were calculated for individuals with normal
weight (BMI 18.5-<25 kg m?), overweight (BMI 25—
<30 kg m~?), class | obesity (BMI 30—<35 kg m~?), class
Il obesity (BMI 35-<40 kg m 2 and class Ill obesity
(BMI > 40 kg m2). Total HCRU cost was defined as the
total cost of the following.

e General practitioner contacts: total costs related to
GP contact within the follow-up date. Mean values
and individual rates were calculated using data from
the Personal Social Services Research Unit (9).
These take into account GP-consultations (the total
number of consultations was recorded and multi-
plied by the cost of a consultation [an average of a
long and short consultation]) and telephone consul-
tations (£27). Costs associated with administrative
duties were not recorded.

e Prescriptions: the total number of prescriptions
within the follow-up period. Mean values and indi-
vidual rates were calculated. Cost of prescriptions
were calculated by matching individual prescrip-
tions with average cost per item as listed in the Brit-
ish National Formulary 2014—2015.

e Hospitalizations: the total number of hospital ad-
missions within the follow-up period. Mean values
and individual rates were calculated. Hospital
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encounters were grouped via the Healthcare
Resource Group grouper, and cost data from the
National  Health  Service reference costs
2014-2015 were linked to the groups.

Statistical analysis

Total costs were analysed in a general linear model with
the log transformed total cost as response variable and
categorical BMI, gender, starting age, study length,
diabetes group (without T2D/with prediabetes or with
T2D) as explanatory variables. The interaction terms with
categorical BMI, gender and diabetes group were also
added to the model. To analyse total HCRU costs by
continuous BMI, the same methods were used, with the
categorical BMI explanatory variable and interaction term
replaced by continuous BMI.

Following the analysis, the results were back trans-
formed and presented in the original formats. Total costs
were adjusted in order to take different age and gender
distribution between BMI and diabetes groups into
account.

Results

Of the 16,176,262 individuals in the CPRD, 5,734,416 had
database-determined acceptable data within the relevant
time period; 4,660,984 were aged over 18 years; and
396,091 fulfilled all inclusion/exclusion criteria and were
included in the analysis. Subject disposition is shown in
Table 1. Baseline characteristics are shown in Table 2a
for the total population, Table 2b for individuals without
T2D and Table 2c for the population with T2D.

When adjusted for age and gender, a higher BMI cate-
gory was associated with an increase in HCRU costs. At
each BMI category, costs were greater for individuals with
T2D than they were for individuals without T2D (Figure 1).
All differences included were statistically significantly
different from zero.

For the total study population, relative to individuals of
normal BMI, overweight was associated with a 3%
increase in HCRU costs, class | obesity was associated
with a 10% increase, class Il with an 18% increase and
class Il with a 30% increase. The relative magnitude of
the increase in HCRU costs with increasing BMI was sim-
ilar regardless of glycaemic status (Figure 2). Normal
weight individuals without T2D had lower mean total
HCRU cost (£8,958) compared with the mean total HCRU
cost of individuals with normal weight and T2D (£12,223).
Within this context, overweight was associated with an in-
crease in cost of 4% and class | obesity with an increase
of 11% for individuals with and without T2D. Class Il

© 2018 The Authors

Table 1 Subject disposition

Excluded Total left
All CPRD 16,176,262
Excluding those with unacceptable 2,038,365 14,137,897
data
Excluding those registered after the 8,403,481 5,734,416
prespecified CPRD registration date
Excluding on age < 18 years 1,073,432 4,660,984
Only those with HES data 1,811,544 2,849,440
Excluding T1D 3,542 2,845,898
Excluding those with both diagnosis 947 2,844,951
T1D/T2D (no medication, no high HbA.)
Excluding pregnant women 40,842 2,804,109
Excluding those with no recorded BMI 1,585,133 1,218,976
Excluding those with recorded BMI 30,332 1,188,654
<18.5 kg m2
Missing information on cost for one or 792,563 396,091

more of the three components

BMI, body mass index; CPRD, Clinical Practice Research Datalink;
HbA,., glycated haemoglobin; HES, Hospital Episodes Statistics;
T1D, type 1 diabetes; T2D, type 2 diabetes.

obesity was associated with an increase in costs of
18% for individuals with T2D and 19% for individuals
without T2D whilst class Il obesity was associated with
an increase of 28% and 32% for individuals with and
without T2D, respectively.

For the total study population, a higher BMI category
was associated with greater individual HCRU costs (GP
contact, hospitalization and prescriptions) (Table 3a).
The cost of prescriptions for an individual with class llI
obesity (BMI > 40 kg m~2) was 2.1 times (£1,663) greater
than for individuals of normal weight. The cost of GP
contact was 1.36 times (£1,366) greater and hospital
admissions 1.19 times (£726) greater. For each individual
healthcare resource, at each BMI category, costs were
greater for individuals with T2D when compared with indi-
viduals without T2D. In individuals with T2D, the cost of
prescriptions, GP contact and hospital admissions for
an individual with class Ill obesity was 1.55, 1.26, and
1.08 times greater (corresponding monetary costs;
£1,612, £1,258 and £393, respectively) than for individ-
uals of normal weight with T2D, respectively. In individ-
uals without T2D, the cost of prescriptions, GP contact
and hospital admissions for an individual with class Il
obesity was 1.80, 1.28 and 1.15 times greater
(corresponding monetary costs; £1,177, £1,046 and
£593, respectively) than for individuals of normal weight
without T2D, respectively (Table 3b and 3c).

With BMI as a continuous variable, an increase in BMI
was associated with an increase in HCRU costs. Assum-
ing a linear positive relationship between BMI and HCRU,
for the total population, an increase of 1 kg m~2 in BMI
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Figure 1 Mean total cost of healthcare resource utilization per individual for the total, individuals without type 2 diabetes (T2D) and T2D

population, adjusted for age and gender. BMI, body mass index.
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Figure 2 Estimates of total healthcare resource utilization costs, using normal body mass index (BMI) individuals as a reference value.

resulted in an estimated 1.08% increase in cost. When
split by subgroup, the estimated increase per unit of
BMI was 1.11% for individuals with T2D and 0.97%
individuals without T2D (Figure 3).

Discussion

In this study, a positive relationship was observed be-
tween increasing BMI and total HCRU cost. For all BMI
categories, numerical costs were greater for individuals
with T2D. However, relative to individuals with normal
BMI, the increase was similar regardless of glycaemic
status. This suggests that whether individuals are living

© 2018 The Authors

with diabetes or not, there are still similar relative addi-
tional costs associated with increased BMI. However, as
the absolute mean total cost for a normal weight individ-
ual with T2D is notably higher than the mean total cost
for a normal weight individual without T2D (£12,223 com-
pared with £8,958), the numerical cost is correspondingly
higher for individuals with T2D. These findings suggest
that prioritizing the development of weight management
programmes focused specifically on individuals with
obesity and T2D may be more cost-effective than those
for individuals with obesity alone.

A positive relationship was also observed across the
individual resource components of healthcare service.
Individuals with class Ill obesity and T2D incurred greater

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice
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Table 3 Total and component healthcare resource utilization costs across BMI categories for the total study population and split by diabetes
subgroup

Normal weight Overweight Class | obesity Class Il obesity Class Ill obesity
18.5—-<25 BMI (kg m %) 25-<30 BMI (kg m %) 30-<35BMI (kg m ) 35-<40 BMI (kg m™2) >40 BMI (kg m )

(a) Total and component healthcare resource utilization costs across BMI categories adjusted for age and gender (n = 396,091)

Total, £ 9,137 9,647 10,487 11,573 12,832

GP contact, £ 3,773 4,012 4,304 4,645 5,139
Hospitalization, £ 3,799 3,876 4,024 4,253 4,525
Prescriptions, £ 1,535 1,739 2,140 2,664 3,198

(b) Total and component healthcare resource utilization costs across BMI categories in individuals without T2D adjusted for age and gender
(n = 396,091)

Total, £ 8,958 9,250 9,824 10,662 11,692

GP contact, £ 3,727 3,887 4,088 4,398 4,773

Hospitalization, £ 3,745 3,786 3,898 4,084 4,338

Prescriptions, £ 1,455 1,558 1,827 2,182 2,632

(c) Total and component healthcare resource utilization costs across BMI categories in individuals with T2D adjusted for age and gender
(n = 396,091)

Total, £ 12,223 12,799 13,629 14,591 15,413

GP contact, £ 4,727 5,065 5,370 5,519 5,985

Hospitalization, £ 4,534 4,510 4,583 4,781 4,927

Prescriptions, £ 2,897 3,202 3,679 4,301 4,509

Data are estimates, adjusted for age and gender and analysed in four different models. As such, the total cost is not the exact sum of the
individual healthcare resource costs. BMI, body mass index; GP, general practitioner; T2D, type 2 diabetes.

601
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Figure 3 Estimates of the increase in total healthcare resource utilization costs with increasing body mass index (BMI) for the total population
and individuals with and without type 2 diabetes, relative to individuals of normal BMI (using BMI as a continuous variable). HCRU, healthcare

resource utilization.

HCRU costs than individuals with class lll obesity without
T2D. The greatest increase in costs with increasing BMI
was observed with prescriptions for both individuals with
and without T2D. However, there was also an association
between increased BMI and an increased cost of hospi-
talization in both subgroups. In another observational
cohort study of individuals with T2D, Evans et al. ob-
served no association between BMI and hospital inpatient
length and cost of stay. However, Evans et al. examined

the length of stay per admission and did not include the
frequency of admissions or prescription medicine usage,
and the authors concluded that this may not be an appro-
priate outcome measure to detect differences in UK
healthcare utilization across BMI subgroups (10). In this
study, the disparity in costs between the two subgroups
was likely driven by greater utilization of prescription
medicines. Interestingly, whilst the overall cost of the pre-
scription component of HCRU was greater for individuals

© 2018 The Authors
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with class lll obesity and T2D, as BMI increased, the mag-
nitude by which the total HCRU costs increased was
greater for individuals with class Ill obesity without T2D.

In comparison with a systematic review by Kent et al.
(8), in the present study, the magnitude by which
healthcare costs increased with increasing BMI was
smaller. In this study, class | obesity was associated with
a 10% increase, class Il with an 18% increase and class
Il with a 30% increase; however, Kent et al. reported a
22%, 45% and 50% increase in healthcare costs for class
I, Il and lll obesity, respectively. Importantly, however,
owing to heterogeneity between the studies, particularly
in reference to the categorization of BMI, a meta-analysis
was not performed in the Kent et al. review and making
formal inferences about the differences in relative costs
is not possible.

The increase in costs with increasing BMI, relative to
individuals of normal BMI do, however, compare well
with the findings of an insurance claims data study
conducted in the USA (6); where at each BMI category,
healthcare costs, relative to individuals of normal BMI,
were greater for individuals without T2D. However, in
contrast to the present study, greater total healthcare
costs in individuals with obesity and T2D in the
USA-conducted study were equally driven by greater
inpatient costs and prescriptions (6).

Whilst the CPRD is broadly representative of the UK
population and offers high quality data (11), caution is ad-
vised when interpreting the study results. Individuals with
health issues, such as T2D, are more likely to have their
BMI measured than those without, potentially
introducing bias into the analyses (11). The retrospective,
observational design of the study prevents the establish-
ment of a causal effect of obesity on increased healthcare
costs. The CPRD also does not collect data relating to the
socioeconomic status of individuals, a factor that can
have an impact on the utilization of healthcare resources
(12). Furthermore, individuals with a prescription for insu-
lin, but without one for OADs, were classified as T1D;
however, this may incorrectly categorize patients with
T2D, for whom OADs are contraindicated and are instead
prescribed a basal-bolus insulin only.

As BMI is an estimate of adiposity and has limited
ability to distinguish between lean and adipose tissue, it
is an inaccurate method of stratifying the risk of morbidity
and mortality (13). Considering that the costs associated
with obesity are driven by both the state of having obesity
itself and the associated comorbidities, the current analy-
sis may underestimate the true cost of overweight and
obesity to the UK healthcare system (14). The Edmonton
Obesity Staging System (13), a clinical staging tool
intended to complement anthropomorphic measures,
emphasizes the presence of comorbidities, quality of life

© 2018 The Authors

and an individual’s functional status. This kind of model
may, therefore, be more appropriate for staging obesity
than BMI, in order to assess the economic burden of
obesity.

Despite these limitations, the present study is the
first in the UK to estimate HCRU costs with differing
levels of obesity, by glycaemic status. In contrast to
a number of published studies, our study sourced
cost data directly from the National Health System,
as opposed to insurance claims databases that
may underestimate medical costs (6). Given the large
sample size and wide coverage of the CPRD database,
which spans the entirety of the UK, the findings of the
present study can be extrapolated to the UK population.
Furthermore, a follow-up period of around 5 years
allowed for a more comprehensive estimate of the eco-
nomic burden of obesity than similar studies of shorter
duration.

Conclusion

In the UK, HCRU costs, including GP contacts, hospital-
izations and prescriptions, were positively associated
with an increasing BMI. Individuals with overweight or
obesity and T2D incurred greater healthcare costs than
individuals with overweight or obesity but without T2D.
Analysis of individual healthcare resources revealed that
the driver of this increase was a greater utilization of
prescriptions, regardless of glycaemic status. The
findings presented in this study should promote an
appreciation of the extent of the increase in HCRU with
increasing BMI and the presence of T2D. Such
understanding may assist in future financial resource
planning, and the development of weight management
programmes targeted specifically at individuals with
obesity and T2D.
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