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INTRODUCTION The Danish national health registers were used to investigate the economic burden of obesity,
associated costs of comorbidities and a breakdown into direct and indirect costs.

METHODS The study population comprised all Danish adult citizens registered with a hospital diagnosis of
obesity in the Danish National Patient Register between 2002 and 2018. Cases were matched with five controls
via the Danish Civil Registration System. We estimated the difference in total healthcare costs and indirect costs
between cases and controls and the difference in healthcare resource utilization. In a sub-analysis, we estimated
total healthcare costs for persons who had been registered with one or more of 11 predefined comorbidities.

RESULTS People with obesity experienced a statistically significant twofold increase in average direct
healthcare costs per year (EUR 5,934), compared with controls (EUR 2,788) and had statistically significantly
higher indirect costs compared to controls. Total healthcare costs for people with obesity and one or more of the
11 comorbidities were 91.7%–342.8% higher than total healthcare costs of the population with obesity but none
of the 11 comorbidities.

CONCLUSION Obesity was associated with an increase in both direct and indirect costs. The presence of
comorbidities was associated with additional healthcare costs.

KEY POINTS

• Obesity is associated with an increase in direct and indirect costs in Denmark.
• Comorbidities are associated with additional healthcare costs.
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1. Introduction

The prevalence of obesity (defined as a body mass index (BMI) at or above 30 kg/m2) in the adult
population has increased throughout Europe over the past decade [1]. The World Health Organization
(WHO) has estimated a 23% prevalence of obesity among adults in the European region [2]. In 2017,

CONTACT Mikkel H. Pedersen mp@incentive.dk Incentive, Holte Stationsvej 14, 1, Holte 2840, Denmark
© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium,
provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

https://doi.org/10.1080/14737167.2022.2053676
https://www.tandfonline.com/openaccess
https://orcid.org/0000-0003-0866-9414
https://orcid.org/0000-0002-3568-767X
mailto:mp@incentive.dk
http://creativecommons.org/licenses/by-nc-nd/4.0/


30/03/2022, 15:00 The substantial costs to society associated with obesity – a Danish register-based study based on 2002-2018 data

https://www.tandfonline.com/doi/epub/10.1080/14737167.2022.2053676?needAccess=true 2/15

obesity was estimated to affect nearly 17% of the adult population in Denmark, corresponding to almost
700,000 people [3]. Obesity has been linked to numerous and diverse conditions and diseases [4], and high
BMI is a risk factor for i.e. cardiovascular diseases, diabetes, musculoskeletal disorders and some cancers.
Furthermore, greater severity of obesity has been found to increase the likelihood of exacerbating several
diseases, thus requiring even more intense interventions [4].

Previous studies have found that a BMI>30 not only impacts health but is also associated with increased
healthcare costs [5–12]. In a systematic review, Withrow et al. [13] concluded that direct costs related to
obesity accounted for between 0.7% and 2.8% of a country’s total healthcare expenditures, and that the
population with a BMI>30 had approximately 30% higher medical costs than the population with a BMI of
18.5–24.9.

Although the indirect costs associated with a BMI>30 are less well-explored, some studies have
estimated the impact on productivity losses [5,11,12,14,15]. A Swedish study concluded that people with a
BMI>30 had lifetime productivity losses that were almost twice as high as those among people with a BMI
of 18.5–24.9 [14]. In addition, Neovius et al. [15] estimated that a BMI>25 was associated with a
corresponding increased risk of sick leave, especially of a longer duration. In 2017, Kjellberg and colleagues
[5] investigated the socioeconomic burden of obesity in Denmark using self-reported height and weight to
calculate BMI from the 2013 Danish National Health Profile Survey. The authors concluded that obesity
was associated with increased risk of comorbidities and therefore with an increase in both direct and indirect
costs. Thus, when examining the societal costs associated with obesity, it becomes relevant to consider the
indirect costs such as earnings and social transfer payments.

Among other chronic diseases, e.g. diabetes, a recent study has estimated that the majority of related
drug costs are associated with treating comorbidities rather than diabetes itself [16]. Since obesity is known
to be associated with several comorbid conditions [4] similar calculations regarding the healthcare costs of
obesity are of interest, but are sparsely reported in contemporary literature.

Haase et al. [17] examined the effect of weight loss on the risk of obesity-related comorbidities and
concluded that a median weight loss of 13% in people with a BMI>40 has the potential to reduce the risk of
several comorbidities, including type 2 diabetes (T2D) by 41%, sleep apnea by 40%, hypertension by 22%,
dyslipidemia by 19%, and asthma by 18%. Additionally, increasing weight loss is associated with
improvements in various comorbidities related to obesity. As low as 5% weight loss is found to be
associated with reduction in systolic and diastolic blood pressure and a reduced HbA1c (long-term blood
sugar concentration) [18]. The same study found that 5–10% weight loss was associated with a reduction of
intrahepatocellular lipids in nonalcoholic fatty liver disease, a reduction in triglycerides, an increase in
HDL−c (High Density Lipoproteins-cholesterol), a reduction in non-HDL−c, improvements in ovulation and
regularization of menses, and prevention of T2D [18]. A 10–15% weight reduction has been found to
improve symptomatology and increase function for people with osteoarthritis, gastroesophageal reflux
disease, and obstructive sleep apnea [18]. A similar weight loss has been found to reduce inflammation and
fibrosis in nonalcoholic steatohepatitis, reduce the frequency of incontinence, and improvements in
cardiovascular disease [18,19]. Finally, a weight loss greater than 15% can lead to remission of T2D,
especially when diabetes duration is short, as well as improvements in heart failure and reductions in
cardiovascular mortality [20,21].

For that reason, it becomes relevant to estimate the cost for patients who suffer from one or more of the
abovementioned comorbidities related to obesity to establish the potential societal gains from weight loss.

Previous studies have to some extent explored the costs associated with obesity; however, these have not
included participants with hospital-diagnosed obesity and real-world evidence of costs. Moreover, previous
studies have not included a breakdown of costs into relevant cost categories and costs associated with the
interaction between obesity and comorbidities. The aim of this research is to conduct a large-scale study
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estimating the burden of obesity, the associated costs of various comorbidities, and the breakdown of
associated direct and indirect costs in Denmark using BMI registrations from the Danish national health
registers.

2. Patients and methods

2.1. Data sources

Since 1968, all Danish citizens have been assigned a unique personal identification number at birth or
immigration, registered in the CRS [22]. The CRS records date of birth, gender, region of residence, family
relationships etc. for all individuals. It also enables an identity-secure linkage of information across all the
Danish national registers. Patient-specific data were obtained from the NPR, which has recorded
information on all somatic hospitalizations in Denmark since 1977 and information on all outpatient
activities, emergency room contacts, psychiatric ward contacts (including diagnoses and performed
procedures) and information on all rates and unit costs since 1995 [23]. Data on prescription medicine and
the cost of the medicine were retrieved from the Danish National Prescription Registry [24] Additional
information is given in Online Resource 1.

2.2. Study population

For this retrospective population-based study, we used data from the comprehensive Danish national health
registers from 2002 through 2018. Using the Danish National Patient Register (NPR), we identified all
adults (≥18 years) who had been registered in that period with a primary or secondary BMI-specific
diagnosis of obesity at a hospital (ICD-10 diagnosis code E660B-E660H or E662). Women who were
registered with obesity only in relation to pregnancy (ICD-10 codes O and Z3 including sublevels) were
excluded from the study population. The study population was categorized according to the WHO’s
classification of obesity as obesity class I (BMI 30–34.9 kg/m2, ICD-10 code E660B), obesity class II (BMI
35–39.9 kg/m2, ICD-10 code E660C–D), or obesity class III (BMI≥40 kg/m2, ICD-10 code E660E-H) [25].

Five unique controls for each person with obesity were randomly selected from the general population
via the Danish Civil Registration System (CRS), matched on age, gender, education, and region of residence
in the index year, i.e. the date of the case’s first diagnosis of obesity. We referenced the NPR to ensure that
controls were not registered with obesity during the study period.

This register-based study complied with the regulations and instructions established by the Danish Data
Protection Agency (J. nr. 2014–54-0664). There was no need for ethical approval. Data were used in
anonymized format, and the study presents only aggregate data. We neither contacted any study participants
nor required any active participation from them.

2.3. Outcome variables and unit costs

Outcome variables included direct costs (defined as the sum of the costs of primary care visits, inpatient
hospitalization(s), outpatient visit(s), home care and prescription medicine), healthcare utilization (defined
as the sum of the number of inpatient hospitalization(s) and outpatient visit(s)), earnings and social transfer
payments. From the last two, we defined total indirect costs as the differences between the earnings of cases
and controls minus the difference in social transfer payments between cases and controls.

Inpatient hospitalizations and outpatient visits were categorized into psychiatric and somatic contacts.
Psychiatric hospital contacts were defined based on the Danish Psychiatric Central Register’s information on
psychiatric admissions, including all admissions to psychiatric hospitals and to psychiatric wards in general
hospitals in Denmark. Somatic hospital contacts were defined as all other contacts. Consumption of
prescription medicines was categorized into consumption of either anti-obesity medication (AOM) – defined
by ATC code A08, including sub-levels – or other prescription medicines.
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Costs associated with inpatient hospitalizations, outpatient contacts and prescription medicines were
categorized into diagnosis-specific healthcare costs related to 11 predefined comorbidities: T2D,
dyslipidemia, hip and knee osteoarthritis, obstructive sleep apnea, asthma, hypertension, chronic kidney
disease, atrial fibrillation, unstable angina, heart failure and myocardial infarction. The diagnosis was
selected based on a recent study that found weight loss to be associated with a reduced risk of experiencing
these comorbidities [17]. The diagnosis-related costs were defined based on a primary diagnosis for hospital
contacts and on the consumption of disease-specific prescription medicines.

Earnings were defined by salary and included taxable and non-taxable salary, fringe benefits, severance
payments, value of stock options, sickness benefits paid by the employer, net profits from self-employed
business and other taxable income, such as fees from lectures or consulting. Social transfer payments
included unemployment benefits, social security, and early retirement benefits. This data was retrieved from
the Danish Income Register [26] and the DREAM Database [27].

All prices have been inflated and converted to the 2020 value of the euro (7.5 DKK = 1 EUR).

2.4. Statistical analyses

The study followed participants from five years before the date of first diagnosis of obesity (i.e. the index
date) to either 15 years after the index date, the participant’s death or emigration, or the end of follow-up (31
December 2018), whichever occurred first. Mean follow-up was 5.29 years. The rationale of including study
participants from five years prior to the index date was the assumption that participants were likely to suffer
from this chronic disease even prior to diagnosis.

Average individual direct and indirect costs were calculated on a yearly basis according to calendar year
from 2002 to 2018 for cases and controls, respectively. A one-sample t-test was applied to determine the
significance in differences between cases and controls for measures of direct and indirect costs. Moreover,
we estimated healthcare utilization – specifically, the average annual number of inpatient hospitalizations
and outpatient visits, including somatic and psychiatric hospital contacts. Additionally, total yearly cost per
patient for people with obesity and yearly cost per patient attributable to obesity were broken down into
costs associated with inpatient hospitalizations, outpatient visits, primary care visits, home care, prescription
medicines and AOM as part of the cost of prescription medicines.

Subgroup analyses were performed for comparative purposes for each of the 11 predefined
comorbidities. We separately estimated the total healthcare costs as well as the total diagnosis-specific
healthcare costs for participants who were defined as having one or more of the relevant comorbidities at
any time during the study period, i.e. people who had a hospital contact at which the comorbidity had been
registered as the primary diagnosis, or people who had been registered with an uptake of prescription
medicine directly related to the comorbidity. Diagnosis-related healthcare costs and total healthcare costs
included direct costs (primary care visits, inpatient hospitalization(s), outpatient visits, home care and
prescription medicine) and healthcare utilization (inpatient hospitalization(s) and outpatient visits).
Diagnosis-related healthcare costs were defined as the healthcare costs incurred during a hospital contact
where the comorbidity of interest was registered as being the primary diagnosis and the cost of disease-
specific prescription medicines.1 Total and diagnosis-specific healthcare costs were estimated as a mean for
the complete study period. The population defined as having had at least one of the 11 comorbidities was
compared to the population with obesity but no registration of the relevant comorbidities.

The sensitivity analysis estimates the direct and indirect costs according to obesity class (obesity class I,
II and III), gender, and age category (18–39 years, 40–65 years and >65 years).

We carried out data management and statistical analyses using SAS statistical software (9.4; SAS
Institute, Inc., Cary, NC, USA) on Statistics Denmark’s research computers via a remote server.
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3. Results

3.1. Study population

A total of 90,020 people with obesity were included in the study population; the inclusion process is
presented in Figure 1. Among those, 76% were women and the mean age was 51 years. At the time of
inclusion, approximately half of the study population (49%) had a BMI between 30 and 34.9 kg/m2, 32%
had a BMI between 35 and 39.9 kg/m2, and 19% had a BMI at or above 40 kg/m2 (see Table 1 for complete
baseline patient characteristics).

Figure 1. Inclusion of study population.
Note: The figure presents the inclusion process for the study population. Specifically, the figure presents the
remaining number of patients in the sample after each exclusion criterion was applied (left) as well as the number of
patients excluded due to each of the exclusion criteria (right).

Table 1. Characteristics of people with hospital-diagnosed obesity (Table view)

 Study population
Total population 90,020 (100%)
Sex, n (%)  
 Man 21,253 (24%)
 Woman 68,767 (76%)
Age, mean (SD) 51.0 (15.2)
Age, n (%)  
 18–39 years 21,997 (24%)
 40–65 years 50,267 (56%)
 >65 years 17,756 (20%)
Obesity class at inclusion, n (%)  
 Obesity class I (30–34.9 kg/m2) 42,373 (49%)
 Obesity class II (35–39.9 kg/m2) 28,014 (32%)
 Obesity class III (≥40 kg/m2) 16,594 (19%)
Region of residence, n (%)  
 North Denmark Region 7,367 (8%)
 Central Denmark Region 20,177 (22%)
 Region of Southern Denmark 25,231 (28%)

https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/f0001.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0001.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/f0001.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0001.xhtml
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Figure 2(a) presents the total yearly healthcare costs (both healthcare costs associated with obesity and
healthcare costs associated with other conditions) for people with hospital-diagnosed obesity, by cost
category. Of these total costs, 46.5% were related to inpatient hospitalizations; 30.0% were related to
outpatient visits; 9.5% were related to primary care visits; 7.0% were related to home care, and 6.9% were
related to prescription medicines, of which 0.1% were AOM. Figure 2(b) demonstrates the yearly healthcare
costs for people with hospital-diagnosed obesity, attributable to obesity. Attributable costs were mainly
driven by additional costs associated with inpatient hospitalizations (52.4%) and outpatient visits (26.9%).

3.2. Direct healthcare costs

The average annual direct healthcare costs for the study population, including both obesity and non-obesity-
related costs, are presented in Table 2, divided by cost component. People with obesity experienced a
statistically significant more than twofold increase in average direct healthcare costs (obesity and non-
obesity-related) per year (113%): EUR 5,934 for cases compared with EUR 2,788 for controls. This implies
that the population of people with obesity have additional costs of EUR 3,146 annually per person. The

 Capital Region of Denmark 21,564 (24%)
 Region Zealand 15,681 (17%)
Educational level, n (%)  
 Primary or no education 32,137 (36%)
 Secondary 38,078 (42%)
 Short-cycle tertiary 3,009 (3%)
 Bachelor’s or equivalent 12,552 (14%)
 Master’s or higher 2,310 (3%)
 Education unknown 1,934 (2%)

The table presents sociodemographic characteristics for people with hospital-diagnosed obesity who were included
in the study population. ‘Primary’ education comprises 10 years of compulsory education. ‘Secondary’ education is
divided into general secondary programs (two to three years of education) and vocational secondary education and
training programs (four years of education). ‘Short-cycle tertiary’ comprises two to two and a half years of education.
‘Bachelor’s or equivalent’ covers three to three and a half years of education. ‘Master’s or higher’ includes master’s
(two-year) degree and PhD (three-year) programs.

Figure 2. (a) Breakdown of total healthcare costs; (b) Breakdown of cost attributable to obesity.
Note: The figure presents (A) the total yearly healthcare costs and (B) the yearly healthcare costs attributable to
obesity, by cost category, for people with obesity.

https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/f0002.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/f0002.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0002.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/f0002.xhtml
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differences were primarily driven by the increased cost of inpatient hospitalizations for people with obesity,
which was EUR 1,647 higher (148%) than for controls. Somatic-related costs constituted 69.8% of the total
cost attributable to obesity (EUR 2,192). People with obesity experienced more than twice the costs of home
care (124%, EUR 229) and prescription medicine (153%, EUR 150). Use of AOM constitutes 0.13% of the
total cost and 1.6% of the total cost of prescription medicine attributable to obesity.

3.3. Healthcare resource utilization

The average annual number of contacts with the healthcare sector is presented in Table 3. The analysis
pointed to a doubling of healthcare contacts among people with obesity compared to controls. People with
obesity had 0.15 annual inpatient hospitalizations and 0.58 annual outpatient visits, and for controls this was
0.07 and 0.28, respectively. Within both sectors, people with obesity had statistically significantly higher use
of healthcare resources, 0.074 (103%) additional inpatient hospitalizations and 0.293 (103%) additional
outpatient visits per year. 71.1% of the difference in healthcare resource utilization between cases and
controls was attributed to somatic-related hospital contacts.

Table 2. Average annual direct healthcare costs per person from 2002 to 2018, EUR (Table view)

 Cases
(N = 90,020) 

EUR (95% CI)

Controls
(n = 448,570) 
EUR (95% CI)

Difference, EUR
(%)

P-
value

Cost of inpatient hospitalization 2,758 
(2,733–2,782)

1,110 
(1,103–1,117)

1,647 (148%) <.0001

 Somatic inpatient hospitalizations 2,372 
(2,355–2,388)

942 
(937–947)

1,430 (152%) <.0001

 Psychiatric inpatient
hospitalizations

386 
(368–403)

168 
(163–173)

218 (130%) <.0001

Cost of outpatient visits 1,783 
(1,774–1,792)

947 
(944–950)

836 
(88%)

<.0001

 Somatic outpatient visits 1,638 
(1,629–1,646)

872 
(869–875)

766 
(88%)

<.0001

 Psychiatric outpatient visits 145 
(143–148)

75 
(74–76)

70 
(94%)

<.0001

Cost of primary care visits 566 
(565–568)

383 
(383–384)

183 
(48%)

<.0001

Cost of home care 413 
(404–422)

184 
(181–187)

229 
(124%)

<.0001

Cost of prescription medicine 414 
(412–416)

164 
(163–164)

250 
(153%)

<.0001

 Anti-obesity medication 4 
(3–4)

0 4 <.0001

 Psychiatric 45 
(44–45)

21 
(21–21)

23 
(112%)

<.0001

Total healthcare costs 5,934 
(5,904–5,964)

2,788 
(2,779–2,797)

3,146 (113%) <.0001

The table presents average yearly healthcare costs by cost category for people with hospital-diagnosed obesity
(cases) and for their matched controls, along with the differences in healthcare costs. P-value refers to a t-test of
the difference.
Abbreviations: NA, not applicable.

Table 3. Average annual number of contacts with the healthcare sector per person (Table view)

https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0003.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0002.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0003.xhtml
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3.4. Indirect costs

The average annual indirect costs are presented in Table 4. People with obesity had statistically significantly
lower gross earnings (−20%): EUR 21,392 for cases compared with EUR 28,869 for controls. This means
that the difference in gross earnings of EUR 7,477 was attributable to obesity. Compared to controls, people
with obesity had statistically significantly higher transfer payments (30%): EUR 12,635 for cases and EUR
9,691 for controls. Thus, a difference in transfer payments of EUR 2,944 was attributable to obesity.

3.5. Subgroup analysis and sensitivity analysis

Table 5 presents the total yearly healthcare costs and yearly total comorbidity diagnosis-related healthcare
costs for people with at least one of the 11 predefined comorbidities and people with obesity but none of the
11 comorbidities. People registered with chronic kidney disease in addition to having a BMI>30 were found
to have the highest total healthcare costs (EUR 16,852), while people registered with hip and knee
osteoarthritis as a comorbid condition to obesity had the lowest total healthcare cost (EUR 7,293). The
diagnosis-related healthcare costs ranged from EUR 125 (hypertension) to EUR 2,419 (chronic kidney
disease). The high diagnosis-related healthcare costs associated with chronic kidney disease were found to
be driven mainly by the high costs associated with outpatient visits. The diagnosis-related healthcare costs

 Cases 
(N = 90,020) 

mean (95% CI)

Controls(n = 448,570) 
mean (95% CI)

Difference P-value

Inpatient hospitalizations 0.146 
(0.145–0.146)

0.072 
(0.072–0.072)

0.074 
(103%)

<.0001

 Somatic inpatient hospitalizations 0.14 
(0.139–0.14)

0.069 
(0.069–0.069)

0.071 
(102%)

<.0001

 Psychiatric inpatient hospitalizations 0.006 
(0.006–0.006)

0.003 
(0.003–0.003)

0.003 
(104%)

<.0001

Outpatient visits 0.577 
(0.575–0.58)

0.284 
(0.283–0.285)

0.293 
(103%)

<.0001

 Somatic outpatient visits 0.516 
(0.514–0.518)

0.253 
(0.252–0.253)

0.263 
(104%)

<.0001

 Psychiatric outpatient visits 0.061 
(0.06–0.062)

0.031 
(0.031–0.032)

0.03 
(96%)

<.0001

The table presents average yearly healthcare utilization by category of healthcare service for people with hospital-
diagnosed obesity (cases) and for their matched controls, along with the differences in healthcare utilization. P-
value refers to a t-test of the difference.
Abbreviations: NA, not applicable.

Table 4. Average annual earnings and receipt of transfer payments per person, EUR (Table view)

 Cases 
(N = 90,020) 

EUR (95% CI)

Controls 
(n = 448,570) 
EUR (95% CI)

Difference, 
EUR (%)

P-value

Gross earnings 21,392 
(21,326–21,458)

26,869 
(26,834–26,904)

−7,477 
(−20%)

<.0001

Transfer payments 12,635 
(12,613–12,658)

9,691 
(9,682–9,701)

2,944 
(30%)

<.0001

The table presents average yearly earnings and receipts of transfer payments for people with hospital-diagnosed
obesity (cases) and for their matched controls, along with the differences in average yearly earnings and receipts of
transfer payments. P-value refers to a t-test of the difference.

https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0004.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0005.xhtml
https://www.tandfonline.com/reader/content/17fd23e3af6/10.1080/14737167.2022.2053676/format/epub/EPUB/xhtml/t0004.xhtml
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associated with each of the predefined comorbidities constitute 2%-14% of the total healthcare costs within
each group.

By comparing the total healthcare costs for people registered with each comorbidity presented in Table 5
with the total healthcare costs for people with hospital-diagnosed obesity but without any of the 11
comorbidities (EUR 3,805), we found that total healthcare costs for people registered with at least one of the
comorbid conditions were 91.7%–342.9% higher than the total healthcare costs of people with a hospital-
diagnosed BMI>30 and none of the comorbidities.

In addition to this, Figure 3 presents the yearly healthcare costs and yearly total comorbidity diagnosis-
related healthcare costs for people by the number of comorbidities (out of the 11 predefined comorbidities)
they have been registered with during the study period. The figure depicts a stark increase in the estimated
yearly healthcare costs as a function of the number of comorbidities.

Table 5. Total annual healthcare costs and diagnosis-specific healthcare costs for people with selected
comorbidities, EUR (Table view)

 No
comorbidities

Chronic kidney
disease

Heart failure Unstable
angina

Myocardial
infarction

Atr
fibrilla

  Total healthcare costs for peop
Total costs 3,805 16,852(16,489–

17,215)
13,376(13,149–

13,602)
11,902(11,531–

12,273)
10,346(10,111–

10,581)
10,104(

10,2
  Healthcare costs that ca
Total costs - 2,419(2,267–

2,570)
942(897–987) 500(460–541) 908(867–950) 582(564

Inpatient
hospitalizations

- 449(411–488) 765(722–809) 464(424–503) 855(814–895) 426(409

Outpatient 
visits

- 1,969(1,835–
2,103)

176(169–184) 36(30–42) 54(48–59) 146(142

Prescription 
medicines

- - - - - 10(10

N 32,280 2,082 3,545 1,129 2,788 6,3

The table presents the total healthcare costs for patients with a certain comorbidity in addition to a BMI>30, as well
as the healthcare costs specifically related to that comorbidity. Diagnosis-related healthcare costs are stratified
according to inpatient hospitalizations, outpatient visits and prescription medicines.

Figure 3. Total annual healthcare costs and diagnosis-specific healthcare costs by number of registered
comorbidities, EUR.
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The average annual healthcare costs per person, stratified into relevant subgroups are presented in Figure
4(a). The average healthcare costs per person in the population of males with hospital-diagnosed obesity is
21% higher per year than the costs for the corresponding population of females. Annual healthcare costs
increase with increased BMI class, and in particular from BMI class I to BMI class II (10.3%). Likewise, the
annual healthcare costs rise substantially with an increase in age: 14.2% from age group 18–39 to age group
40–65, and 58.1% from age group 40–65 to age group 65 + .

Figure 4(b) presents the average annual earnings and receipt of transfer payments per person for each
subgroup. The results suggest that the impact of obesity on earnings ranged from

-16.1% for people in obesity class I to −26.8% for people in obesity class III when compared with their
matched controls. Additionally, the findings suggest that people in obesity class I through III received an
additional EUR 2,203–4,057 in yearly transfer payments compared with their matched controls.

4. Discussion

This study generated real-world evidence on the economic burden of hospital-diagnosed obesity in Danish
adults. To our knowledge, this is the first study examining real-world evidence of costs in Danish people
with hospital-diagnosed obesity. The analyses indicated that people with obesity experienced a statistically
significant and more than twofold increase in average direct healthcare costs per year, equivalent to direct
costs attributable to obesity of EUR 3,146 compared with the background population. By extrapolating the
per person cost found in the present study to the entire population of people with obesity in Denmark (17%
of the Danish population ~700,000 people), this corresponds to yearly additional costs of EUR
2,202,200,000.

Additionally, the analyses found increased indirect costs among people with obesity compared to
controls. The increased indirect costs reflect the reality that people with obesity are more likely to have

Note: The figure presents the total healthcare costs for patients with a certain number of registered comorbidities in
addition to a BMI>30, as well as the healthcare costs specifically related to these comorbidities. Diagnosis-related
healthcare costs are stratified according to inpatient hospitalizations and outpatient visits.

Figure 4. (a) Average annual healthcare costs per person in the subgroups; (b) Average annual earnings and
transfer payments per person in the subgroups.
Note: The figure presents average yearly healthcare costs and yearly earnings and transfer payments by subgroup
for people with hospital-diagnosed obesity (cases) and for their matched controls.
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lower labor market attachment and to receive transfer payments, which could be explained by an increased
risk of comorbidities among people with obesity.

The subgroup analyses showed that total healthcare costs for people registered with obesity and one or
more comorbid conditions were 91.7%–342.9% higher than the total healthcare costs of people with
hospital-diagnosed obesity and none of the predefined comorbidities. Although people with at least one of
the predefined comorbid conditions in addition to hospital-diagnosed obesity had significantly higher total
healthcare costs, each of the individual comorbid conditions only constituted 2%-14% of the total healthcare
costs. It is likely that people with comorbidities suffer from more than one comorbid condition and that the
high total healthcare costs reflect this. The sensitivity analyses found that the male population has 21%
higher healthcare costs per year compared to women. It is outside the scope of this study to account for these
additional costs among men; however, one could speculate that the increased healthcare cost among men
could be seen as an indication of more severe obesity diagnoses, possibly due to later diagnosis compared to
women.

Real-world evidence reflects on real-world outcomes and healthcare consumption. Economic evidence is
only presented in controlled studies to a limited extent, and healthcare consumption in a controlled setting is
likely to differ from the consumption experienced in a real-world setting. Real-world estimation of
healthcare consumption and the economic burden associated with obesity allows decision-makers to better
understand the economic consequences of obesity and might act as a starting point for informing healthcare
decision-making such as implementation of preventive strategies and value assessments of treatment
options.

In 2011, Withrow et al. found in a systematic review that the medical costs were approximately 30%
higher among people with obesity compared to people with a BMI of 18.5–24.9. Our study extends these
findings by examining the costs of obesity in a population including all adults with a registration of a
diagnosis code indicating a BMI>30 at a Danish hospital and indicates that the additional costs attributable
to obesity are likely greater than first anticipated by Withrow et al. [13]. According to a Swedish study,
people with a BMI>30 had lifetime productivity losses that were almost twice as high as those of people
with a BMI of 18.5–24.9 [14]. Our study investigated the indirect costs associated with obesity in a broader
sense and found a yearly difference in gross earnings of −20% and a yearly difference in transfer payments
of 30% when comparing people with hospital-diagnosed obesity with people without hospital-diagnosed
obesity. Recently, Greiner et al. concluded that the majority of costs related to treatment of diabetes are
associated with treating comorbidities rather than diabetes itself [16]. A recent study by Kjellberg et al.
estimated the 3-year attributable societal costs of the first event of cardiovascular comorbid conditions
among people with obesity and concluded that obesity-related cardiovascular comorbidities affected
healthcare costs and pointed to the need of obesity risk factor management [28]. Our study builds on these
findings by examining the costs associated with obesity and multiple comorbidities within a range of
medical specialties.

Our findings indicate that obesity is associated with an increased economic burden to society and that
this is largely due to the comorbidities experienced by people with obesity. Thus, this study emphasizes the
importance of interventions targeted at reducing obesity and thus future comorbidities in people with obesity
and people at risk of obesity. Few effective treatment options are available for people with obesity [29].
Notably, of the total direct healthcare costs among people with obesity, AOM constitutes less than 1%,
which could indicate an unmet need in the population for more effective AOM and a change in the attitude
among physicians toward using pharmacological treatment of obesity to prevent or postpone comorbidities,
which may decrease the healthcare costs associated with obesity.

Interventions including bariatric surgery is another potentially relevant treatment option; however,
surgery is only relevant for a minority of patients suffering from obesity due to limited capacity and the risk
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of surgical and medical complications. The treatment options listed above are targeted at people with obesity
who might already have suffered from both obesity and comorbid conditions for numerous years. An
alternative option is to increase the societal focus on preventive strategies aimed at preventing obesity in the
at-risk population. Preventing obesity and thus the associated comorbid conditions would not only be
beneficial to the individual but also reduce the health economic burden on society caused by obesity
substantially.

4.1. Strengths and limitations

The use of Danish registers allowed us to include all Danish citizens aged ≥18 years with a hospital
diagnosis of obesity, thereby ensuring the robustness of the results. However, this implies that the study was
limited to the information available in the Danish registers. The Danish registers only contain obesity
information on people who received a BMI-specific diagnosis of obesity at a hospital, or approximately 12%
of all people with obesity in Denmark. Thus, the study omitted people with an unspecified obesity diagnosis
(ICD-10 codes DE0660 and DE669), which limited the sample size. However, this inclusion restriction was
made to increase the likelihood that the registration of a specific BMI class was based on an actual
measurement of weight and height avoiding risk of bias due to participants reporting higher or lower weight
and height than they have.

By using Danish register data, the study was restricted to include participants registered with hospital-
diagnosed obesity. 76% of the study population were women, which is likely not representative of Danish
citizens with obesity. It is outside the scope of this study to provide an explanation for this
misrepresentation, but one can suppose that this might be a result of the difference in women’s and men’s
health-related and help-seeking behavior [30]. This misrepresentation might have skewed the results related
to the difference between men and women. The data implies that men have higher healthcare costs (21%);
however, this could be driven by men being more obese and thus more costly once they contact the
healthcare sector, and these differences would expectedly decrease if the population consisted of more men
diagnosed earlier while in a lower obesity class and thus more similar to the women in regard to disease
severity. We believe the impact of this bias on the results of the overall healthcare costs to be minimal, since
we would expect that the healthcare cost of men and women in the same obesity class would be similar.

In this study, people with obesity were represented by a population of cases with hospital-diagnosed
obesity based on a BMI-specific diagnosis, while the background population was represented by controls
selected among individuals who have never been hospital-diagnosed with obesity in the study period (2002–
2018). As such, the population of cases might omit people with a milder degree of obesity, as people in this
group are less likely to have been registered with a hospital diagnosis of obesity. This also implies that
people with mild obesity (not hospital-diagnosed) could be identified in the control group. People are often
registered with obesity in relation to comorbidities – therefore, the cases might include those who also suffer
from other diseases and thereby have a higher use of healthcare resources. In line with this, persons with a
BMI in obesity class III are potentially more likely to have had a hospital diagnosis during the study period,
and for that reason be included in the study population. This implies that the study population expectedly
includes a relatively large share of the ‘sickest’ people with obesity and thus is likely not representative of
the complete Danish population of people with obesity. This could cause us to overestimate the cost
associated with obesity when extrapolating the results to the general population of persons with obesity in
Denmark. Additionally, people with hospital-diagnosed obesity are more likely not to be able to work and
consequently have lower earnings and higher transfer payments, while the healthier people with obesity (not
hospital-diagnosed) are likely to have an active work life. However, our study population includes



30/03/2022, 15:00 The substantial costs to society associated with obesity – a Danish register-based study based on 2002-2018 data

https://www.tandfonline.com/doi/epub/10.1080/14737167.2022.2053676?needAccess=true 13/15

approximately 100,000 people with hospital-diagnosed obesity, which means that the results are very robust
and accurately estimate the healthcare costs associated with Danish citizens with hospital-diagnosed obesity.

In addition to this, a hospital registration of obesity naturally implies that cases had a minimum of one
hospitalization during the study period, which could influence the results when comparing healthcare costs
to persons with no history of hospital-diagnosed obesity. However, data showed that 94% of controls had
been admitted to the hospital in the five years prior to index, and therefore we would expect the impact of
this selection criteria to be minimal.

In the present paper, we investigate the costs associated with obesity compared to controls. To the largest
possible extent, this study controls for underlying factors, such as socioeconomic status and health behavior,
which might impact health state and acquired healthcare costs in the study population, by matching cases
and controls on age, gender, education and region of residence. Several unobserved characteristics such as
health behavior (smoking, drinking, physical activity etc.) are associated with obesity but are not registered
in Danish registers and thus not directly controlled for in this study. For the reasons outlined above, potential
bias makes it difficult to establish very accurate causal effects of obesity on healthcare costs and labor
market participation.

In a subgroup analysis, people with hospital-diagnosed obesity and one or more registered comorbid
conditions were compared to people with hospital-diagnosed obesity and no registration of the predefined
comorbidities. This ensured that the comparison was estimated in a population where all individuals had
received a hospital-registered obesity diagnosis. However, patients registered with one or more
comorbidities might differ regarding other characteristics compared to patients with a hospital diagnosis of
obesity and no registered comorbidities. For example, it is possible that people with multiple severe
comorbid conditions are of older age, are registered with a higher obesity class or have non-obesity-related
diseases. Furthermore, it is possible that people in the group without any registration of the predefined
comorbid conditions can suffer from one or more of these without having received treatment for these
conditions and thus would not be included in the group of people with comorbidities. However, people with
treatment-requiring comorbid conditions (registered conditions) are expectedly sicker and will have higher
healthcare costs than people with a comorbid condition that does not require treatment (not registered) as is
also implied in the data. Thus, we do not expect this bias to affect the results of the study.

5. Conclusion

This study indicated that obesity is associated with an increase in both direct and indirect costs in Denmark.
The results suggest that the presence of comorbidities is further associated with additional healthcare costs,
emphasizing the need for weight loss interventions.

Notes

Disease-specific prescription medicines include: ATC codes C01B including sublevels for patients with atrial
fibrillation, ATC code: A10AE54, A10AE56 and A10B including sublevels excluding A10BJ02 for patients with
diabetes type 2, ATC codes C02 including sublevels for patients with hypertension, and for asthma purchase of
prescription medication with a labeled indication for asthma (indication codes 202, 203, 822 in the Danish National
Prescription Registry) as well as ATC code: R03DC03.
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