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Introduction

The prevalence of overweight and obesity is increasing world-
wide, and is therefore a growing cause for concern [1]. Large-
scale epidemiological cohort studies have shown that obesity
(as assessed by body mass index (BMI) or waist circumference
(WC)) is a prominent risk factor for a number of major dis-
eases including coronary heart disease, diabetes mellitus, os-
teoarthritis of the knee, several types of cancer, gallbladder
disease, sleep apnoea, hypertension and stroke [1, 2]. The in-
creased risk of morbidity also leads to increased risk of pre-
mature mortality [1, 2].
Many economic studies report that the increased obesity-re-
lated morbidity and mortality is associated with excess health
care costs [3–28]. Many of these estimates are based on popu-
lation attributable risk (PAR) [7, 9, 14, 16, 18–20, 27, 29–31].
PAR measure the proportions of cases of a given disease (e.g.
type II diabetes) that is due to a risk factor of interest (e.g.
obesity). Total attributable health care costs of obesity is esti-
mated as the sum of products of disease-specific PARs and
health care costs. The PAR method is an indirect way of esti-
mating the health care costs of obesity. A more accurate
method is to estimate the health care cost directly by use of a
cohort design. Only a few studies have directly examined the
relationship between obesity and health care costs based on a
prospective/retrospective cohort design [3, 5, 6, 11, 15, 17,
23–25, 29–31]. All but four of these studies apply self-reported
heights and weights [11, 24, 29, 31].
Almost all economic studies in the literature are based on
BMI as a widely accepted measure of obesity, well correlated
with total body fat. However, a growing body of literature has
documented that the size of the various adipose tissue depots
is of importance, and especially the intraabdominal visceral fat
is associated with serious health problems [32–34]. Studies
have shown that WC correlates reasonably well with visceral
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circumference and future health care costs across a
broad range of waist circumference values based on in-
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status, lifestyle and socio-economic aspects assessed at
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associated costs were extracted from registers for the
subsequent 7 years. Participants were stratified by pres-
ence of chronic disease at entry. Results: Increased waist
circumference at baseline was associated with higher fu-
ture health care costs. For increased and substantially in-
creased waist circumference health care costs rise at a
rate of 1.25% in women and 2.08% in men, per added
centimetre above normal waistline. Thus, as an example,
a woman with a waistline of 95 cm and without co-mor-
bidities can be expected to incur an added future cost of
approximately USD 397.– per annum compared to a
woman in the normal waist circumference group, corre-
sponding to 22% higher health care costs. Conclusions:

Future health care costs are higher for persons who have
an increased waist circumference, which suggests that
there may be a potential for significant resource savings
through prevention of abdominal obesity.

Betina Højgaard, M.S. (econ) 
Danish Institute for Health Services Research
Dampfaergevej 27–29, PO Box 2595, 2100 Copenhagen, Denmark
Tel. +45 352984-14, Fax -99
E-mail beh@dsi.dk

Economic Costs of Abdominal Obesity
Betina Højgaarda Kim Rose Olsena Jes Søgaarda Thorkild I.A. Sørensenb

Dorte Gyrd-Hansena,c

a Danish Institute for Health Services Research, 
b Institute of Preventive Medicine, Copenhagen University Hospital, Centre for Health and Society, Copenhagen, 
c Institute of Public Health, University of Southern Denmark, Denmark 

© 2008 S. Karger GmbH, Freiburg

Accessible online at: 
www.karger.com/ofa

Fax +49 761 4 52 07 14
E-mail Information@Karger.de
www.karger.com

146_154_03002_hojgaard:146_154_03002_hojgaard  23.06.2008  10:36 Uhr  Seite 146

http://dx.doi.org/10.1159%2F000137822


fat areas and that the correlation is higher than for BMI [35,
36]. It has been shown that WC more precisely identifies high-
risk individuals by pinpointing those with a high body fat con-
tent and an increased intraabdominal accumulation of fat [37].
This result is supported by a study based on the same data as
in this article, which demonstrates that WC is a better predic-
tor of future health care costs than BMI [38]. 
Two health economic studies [10, 12] found increased costs as-
sociated with increased WC, but limitations of their study de-
sign makes it difficult to derive generally applicable estimates
of the health care costs. One study only included a small and
unrepresentative sample of 424 persons with a relatively low
socio-economic status [10]. The other study was based on a
more limited cost study, which only included hospital costs
[12]. 
Numerous studies have shown that WC is a strong predictor
of obesity-related morbidity and mortality [39]. However,
knowledge about the association between WC and health care
costs is lacking. Understanding variations in health care ex-
penditures across a full range of WC values contributes to es-
tablishing rational grounds for targeting preventive and
weight-reducing interventions. The present study examines the
relationship between WC and future health care costs across a
broad range of waist circumference values based on individual
level data.

Material and Methods 

The analysis is based on a prospective cohort study in which a selected
sample of the general Danish adult population was invited to a baseline
health status screening in 1996–1997. Health status, lifestyle and socio-eco-
nomic variables were assessed at baseline while individual data on health
care consumption and associated costs were extracted from registers for
the subsequent 7 years (1996/1997 through 2003/2004).

Population 

The baseline data were derived from the Danish prospective cohort study
Diet, Cancer and Health (DCH) [40]. The study population consisted of
individuals born in Denmark, who were aged 50–64 years at baseline, re-
siding in the greater Copenhagen or Aarhus areas and did not have any
records of cancer in the Danish Cancer register at the time of selection.
The participants provided questionnaire data on diet and lifestyle. An-
thropometric measurements, blood pressure and biological material were
collected by trained staff. Details of the cohort study have been described
previously [40]. 
The baseline survey was conducted between December 1993 and May
1997, a total of 160,725 individuals were invited to participate in the DCH
study. Of these a total of 57,055 visited a study clinic in the study period
[40]. Owing to constraints on the accessibility of uniform cost data (re-
porting procedures varied in the previous time period), it was necessary to
restrict inclusion in the present cost analysis to individuals visiting the
study clinic in the period January 1996 to May 1997 (n = 33,083). Of this
sample a number of participants were excluded owing to missing data. A
total of 31,840 participants (97%) of the qualified individuals were eligible
for analysis: 15,344 men and 16,506 women. 

Variables from DCH 

Anthropometric Measures
Height was measured with participants standing without shoes and was
recorded to the nearest half centimetre. Weight was measured by a digital
scale and recorded to the nearest 100 grams. The participants wore light
clothing or underwear at the weighing. BMI was calculated as weight in
kilograms divided by height in metres squared. WC was measured with a
tape measure at the narrow part of the torso between the lowest rib and
the level of the iliac crests (the natural waist) or, in case of an indeter-
minable waist narrowing, halfway between the lower rib and the iliac crest
and was recorded to the nearest half centimetre.
The World Health Organisation’s (WHO) definition of obesity according
to WC was used in this study. A woman was defined as having increased
WC if WC was ≥80 cm and substantially increased WC if WC was ≥88 cm.
For men the respective cut-off points were 94 and 102 cm [1]. Women with
WC less than 80 cm, and men with WC less than 94 cm were considered as
having a normal waistline. The range for normal BMI was 18.50–24.99
kg/m2. If BMI was <18.5 kg/m2, the person was defined as underweight
while a person was overweight if BMI was 25 kg/m2 and obese if BMI was
30 kg/m2 [1].

Co-Morbidity Measures
Co-morbidity variables were based on the participant’s information on
medical history and the results of the physical examination, which includ-
ed blood pressure measurement after limited rest.
Participants were categorised according to co-morbidity as follows. Hy-
pertension: A person was defined as having hypertension if (s)he reported
this in the questionnaire or if the physical examination showed a systolic
blood pressure 140 mm Hg or a diastolic blood pressure 90 mm Hg. A
person was included in the Diabetes or in the Cardiovascular disease
(CVD) group if (s)he reported that (s)he had diabetes or previously had
CVD. In this study CVD includes angina pectoris, myocardial infarction
and stroke.

Lifestyle Factors
Lifestyle factors were obtained through the lifestyle questionnaire com-
pleted at the study clinics at enrolment. Data on smoking were based on
self-reported smoking status (current, past or never) and current tobacco
consumption (g/day). In the present analyses, the respondents were classi-
fied as heavy smokers if they smoked 15 g/day or more. Physical activity
was self-reported in the form of a categorical variable, indicating whether
the individual was engaged in sports activities (yes or no).

Education, Income, Emigration and Death

All residents of Denmark have a unique 10-digit individual identification
number (CPR numbers), which makes it possible to establish a highly ac-
curate linkage between various registers at the individual level. Informa-
tion about emigration and death in the follow-up period was collected
from Statistic Denmark, as was information on respondents’ highest level
of education at baseline. Income was calculated as the gross household in-
come (obtained from Statistic Denmark) in the year prior to the baseline
year divided by the number of adults in the household. 

Health Care Costs

The costs analysed were the direct health care costs, including patients’ co-
payment on specialist services and medication irrespective of disease di-
agnosis. Indirect costs, such as those associated with lost productivity, were
not evaluated. The health care system in Denmark is predominantly pub-
licly financed by income and other taxes, and the private health care sec-
tor plays only a minor role. 
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In Denmark, all public health care services are registered in various regis-
ters, and the personal identification code made it possible to collect infor-
mation on all participants’ use of public health care services in the 7-year
follow-up period. For each study subject, we obtained the following infor-
mation over the study period without any restrictions related to the med-
ical conditions motivating the services: i) somatic in- and out-patient treat-
ments, ii) psychiatric in- and out-patient treatments [41], iii) primary sec-
tor health care services (general practitioners, practising specialists, den-
tists, physiotherapists, psychologists etc.) and iv) prescription drugs
entitled to a subsidy.
The Danish Case Mix System (Diagnosis Related Groups, DRG) was
used to assign costs to all somatic out-patient and in-patient services pro-
vided in the period. The National Board of Health’s per diem charge and
ambulant charge for psychiatric treatments were used to calculate the cost
of psychiatric treatment. The cost of the services of the primary health
care sector was extracted from the National Health Insurance Register.
We calculated the costs of drug prescription at the retail costs of each
compound and dosage as of the date of purchase. 
All health care costs were adjusted to 2005 price levels and aggregated at
the individual level. Subsequently the mean annual health care cost per
subject was calculated by dividing the total costs by the number of person
years registered in the 7-year follow-up period. In the presentation of the
results Danish kroner (DKK) are converted to USD (using currency rate
DKK 100.– = USD 17.40). 

Analytical Model

Analyses were restricted to individuals with complete responses on all
variables and to those who were not characterised as underweight at base-
line. This latter restriction was applied in order to simplify the model by
focusing on the effects of overweight and obesity only in comparison with
normal weight. Moreover, the relationship between underweight and
health care costs may be characterised by reverse causality when the low
body weight is due to a disease-induced weight loss. For the same reason
people with a cancer diagnosis were excluded from the study. Data were
analysed separately for men and women due to possible differences in ef-
fects of body size.
Linear regression was used to model the relationship between WC and
mean annual health care costs. Preliminary examination indicated that the
costs were characterised by a skewed distribution with a long right hand
tail, as is frequently observed for cost data. Therefore the cost data were
normalised by applying the logarithm to costs. Note that the application of
the log of costs as the dependent variable implies that the coefficients of
the model should be interpreted as the pro anno rate of increase in health
care costs (in per cent). 
The strategy for the analysis was to establish a simple model, which ex-
plains the association between WC and health care costs without loosing
explanatory power. Therefore, based on theoretical considerations a set of
different models was investigated. To account for potential variations in
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Characteristic Female study participants p valuea

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
normal WC increased WC substantially increased WC
(<80 cm) (80–87.99 cm) (≥88 cm) 

Number 7,667 4,323 4,516  
WC, cm 73.4 ± 4.1 83.3 ± 2.3 96.7 ± 8.0  
BMI, kg/m2 22.7 ± 2.0 25.8 ± 2.2 30.3 ± 4.2  
Age, years 55.8 ± 4.3 56.4 ± 4.4 56.6 ± 4.5 <0.0001 
Annual income, USD 47,294 ± 34,171 42,959 ± 26,960 39,026 ± 22,727 <0.0001 
Only primary school Edu1, n (%) 2,088 (27.2) 1,320 (30.5) 1,686 (37.3) <0.001
Minimum bachelor Edu2, n (%) 435 (5.7) 138 (3.2) 104 (2.3) <0.001
Past smoker, n (%) 1,776 (23.1) 1,042 (24.1) 1,181 (26.2) 0.001
Current smoker, n (%) 2,284 (29.8) 1,241(28.7) 1,220 (27.0) 0.005
Sport, n (%) 5,189 (67.7) 2,730 (63.2) 2,450 (54.3) <0.001
Hypertension, n (%) 3,120 (40.7) 2,187 (50.6) 2,942 (65.1) <0.001
Diabetes mellitus, n (%) 66 (0.9) 30 (0.7) 146 (3.2) <0.001
Cardio vascular disease, n (%) 172 (2.2) 151 (3.5) 214 (4.7) <0.001 

Male study participants 

normal WC increased WC substantially increased WC
(<94 cm)  (94–101.99 cm)  (≥102 cm) 

Number 6,452 4,952 3,930  
WC, cm 87.6 ± 4.5 97.3 ± 2.3 108.8 ± 6.7  
BMI, kg/m2 24.0 ± 1.9 26.8 ± 1.8 30.6 ± 3.1  
Age, years 55.9 ± 4.3 56.2 ± 4.4 56.5 ± 4.5 <0.0001
Annual income, USD 48,869 ± 29,610 48,496 ± 31,985 45,204 ± 36,150 <0.0001
Only primary school Edu1, n (%) 1,095 (17.0) 925 (18.7) 939 (23.9) <0.001
Minimum bachelor Edu2, n (%) 908 (14.1) 534 (10.8) 287 (7.3) <0.001
Past smoker, n (%) 1,968 (30.5) 1,879 (37.9) 1,644 (41.8) <0.001
Current smoker, n (%) 2,523 (39.1) 1,749 (35.3) 1,303 (33.2) <0.001
Sport, n (%) 3,803 (58.9) 2,618 (52.9) 1,597 (40.6) <0.001
Hypertension, n (%) 3,039 (47.1) 2,978 (60.1) 2,852 (72.6) <0.001 
Diabetes mellitus, n (%) 119 (1.8) 102 (2.1) 155 (3.9) <0.001  
Cardio vascular disease, n (%) 294 (4.6) 323 (6.5) 363 (9.2) <0.001  

ap values for overall group comparison based on F-test or χ2 test.  

Table 1. Baseline
characteristics of
study participants by
WC
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the association between costs and WC across different ranges of WC,
spline functions were applied in all the models. Spline functions are piece-
wise continuous linear functions connected at joint points (knots) [42].
The knots were set at the WHO’s cut-off points for increased and sub-
stantially increased WC. Application of spline functions instead of a sim-
ple linear function allowed the curves to change direction at the knots,
and hereby allowing the relationship between WC and health care costs to
differ across the different WC categories.
In order to test for different relationships between WC and health care
costs for participants with and without co-morbidities, co-morbidity status
at baseline was included as a potential explanatory variable, labelled ’Full
model’. A participant was included in the co-morbidity group if (s)he had
hypertension, diabetes or CVD. Furthermore, the model was adjusted for
potential confounders identified in the literature; age, education, income,
smoking habits, physical activity. The Appendix (see below) provides a
more technical presentation of the models. 
A ‘Reduced model’ (simple co-morbidity function) investigates whether
the association between costs and WC differ across all ranges of WC, or
whether the number of knots can be reduced. Like the ‘Full model’, this
model was adjusted for co-morbidities and potential confounders. Howev-
er, if age, education, income, smoking status and physical activity are fac-
tors, which not only contribute to explaining health care costs but also are
mediating the effects of WC, the inclusion of these variables potentially
results in a biased estimate of the association between WC and health
care costs. Therefore the coefficients estimate of the association between
WC and costs were validated through comparison of the WC coefficient
estimates in a model with and without inclusion of potentially con-
founders, labelled ‘Simple model’ (simple WC and co-morbidity function)
and ‘Simple model, no confounders’ (reduced model and no con-
founders). 
Baseline characteristics were compared across the three WC groups; Pear-
son’s χ2 test (for categorical variables) or F-test (for continuous variables)
were used to assess statistical significance. The significance of each partial
regression coefficient was assessed using a two-sided Students t test. Over-
all goodness of fit was measured with the coefficient of determination
(R2). Restrictions of parameters were tested by use of likelihood ratio test.
The predicted values from the log model were transformed into actual
costs via application of smearing estimates [43]. Statistical analyses were
performed using Stata version 9.1 (College Station, TX, USA). Due to the
large sample size, statistical significance was set conservatively at p < 0.01.
The study was carried out in accordance with Danish Law after permis-
sion from the Danish Data Protection Agency.

Results

Population Characteristics

Out of the total of 31,840 subjects (15,334 men and 16,506
women) with complete data, 1,081 subjects (679 men and 402
women) died during the observation time. Among men the
number of dead participants differed significantly across the
WC categories (p < 0.001), while the difference was not signif-
icant for the women (p = 0.228). 

Descriptive Results 

Table 1 shows baseline characteristics of the subjects by cate-
gories of WC. Participants with increased or substantially in-
creased WC were more likely to have co-morbidities (hyper-

tension, diabetes and CVD) than participants with normal
WC. The results suggest that there is a range of confounders
that should be controlled for when aiming to assess the puta-
tive causal relationship between WC and costs. 
The results of the ‘Simple model’ and the ‘Simple model, no
confounders’ are reported in table 2, while the ‘Full model’
and the ‘Reduced model’ are reported in table 3. Analyses of
the co-morbidity interaction in the WC-cost association show
that the co-morbidity interaction terms were statistically in-
significant, individually and jointly (‘Full model’; table 3).
Likelihood ratio test showed that omission of the co-morbidi-
ty interaction terms was acceptable (p = 0.25 for women, 
p = 0.26 for men). In addition, equal slope of the WC-cost as-
sociation in the entire WC-range above normal WC, and no
association in the normal WC range were found (‘Reduced
model’; table 3). The ‘Simple model’ includes only one WC
variable, reflecting the association between centimetres above
normal WC range and costs (table 2). The likelihood ratio test
showed that these restrictions were acceptable (p = 0.06 for
women, p = 0.19 for men). 
The ‘Simple model’ shows a highly statistically significant as-
sociation between health care costs and WC for individuals
above normal WC range, and significant co-variates. In order
to validate the coefficient estimate of the association between
WC and costs reported in the ‘Simple model’, we excluded the
co-variates in the ‘Simple model, no confounders’. Compari-
son of ‘Simple model’ and ‘Simple model, no confounders’
shows that the WC-cost association is relatively unaffected by
exclusion of the additional explanatory variables. This suggests
that the confounder-mediator problem is of minor relevance
in the present analysis. 
The result of the ’Simple model, no confounders’ implies that
for women an increased WC will incur a pro anno additional
cost of 1.25% for every added centimetre above 80 cm WC.
For men the impact is even larger, at 2.08% per centimetre
above 94 cm WC. 
For a better understanding of the magnitude of change, the
smearing estimate was used to transform the estimated coeffi-
cients back into USD. Figure 1 shows the predicted annual
costs of health care for men and women, with and without co-
morbidities in relation to the range of WC. The estimates are
based on the coefficient reported in ‘Simple model, no con-
founders’, since this estimate allows for a simple exposition of
the results, as seen in figure 1. Figure 1 shows that the costs for
every added centimetre above the normal range is higher for
people with co-morbidities than for people without. Note that
although we found no statistically significant impact of having
co-morbidities on the rate of increased health care costs per
centimetre, the actual increase in future health care costs is
larger for those people with at least one co-morbidity because
the general level of health care costs is higher for this group –
irrespective of WC.
The average annual cost of health care for a woman without
co-morbidities and with a normal waistline is approximately
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USD 1,814.–, while the future annual costs of health care is ap-
proximately USD 2,242.– if she has co-morbidities. The aver-
age annual future costs of health care for a woman without
co-morbidities and a WC of 85 cm and 95 cm are approxi-
mately USD 1,938– and USD 2,211.–, respectively. This im-
plies that a woman with a waistline of 95 cm and without co-
morbidities can be expected to incur added future costs of ap-
proximately USD 397.– per annum compared to a woman in
the normal WC group, corresponding to 22% higher health
care costs. For a woman with co-morbidities the extra cost
would be approximately USD 491.– per annum. For a man
without co-morbidities an increase of the WC from normal
values to 109 cm corresponds to an increase in health care
costs of 39%. 

Discussion

In this study, we examined the relationship between WC, as a
strong marker of the adverse health implications of obesity,
and future health care costs over a 7-year period, and we
found the excess health care costs associated with increased
WC to be substantial. We found that women with increased or
substantially increased WC had 1.25% higher annual health
care costs per centimetre above normal WC, whereas men

with increased or substantially increased WC had 2.08% high-
er annual health care costs per centimetre above normal WC.
Our results are in accordance with previous studies that have
shown a positive association between obesity and health care
costs [5, 11, 17, 23, 44]. However, as noted in the introduction,
most previous studies of the relationship between obesity sta-
tus and health care costs have analysed the association be-
tween health care costs and BMI. Hence, it is not possible to
directly compare the results of the present study with previous
evidence from the literature.
In Denmark total expenditure on health care constituted
9.1% of gross domestic product (GDP) in 2005. For compari-
son in the USA and in the UK these figures were 15.3 and
8.3%, respectively [45].
Two studies have used WC as measurement for obesity [10,
12]. The first study [10] found that the highest WC quartile
was associated with significantly higher mean total costs than
the other quartiles, while the second study [12] found that the
mean hospital costs over an observation period of 3 years
were 38.8% higher among obese women and 45.3% higher
among obese men (obesity was defined in this study as a WC
≥102 cm for men or ≥88 cm for women). The differences in
costs were not statistically significant. However, as mentioned
in the introduction these studies have some weaknesses in
their designs. 
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Table 2. Results of the multiple regression analyses of the relationship between WC and log mean annual health care costs, adjusting for potential
 confounders* 

Parameter Inter- Centi- Co- Age, Edu1
b Edu2

c Income, Sport Past Current Heavy R2

cept metre morba years USD smo- smo- smo-
above kers kers kers
normal 
WC

Simple model
Women

Parameter estimates 5.51 0.0125 0.1750 0.0250 0.0342 0.0112 –8.38e-07 0.0101 0.1174 0.1918 0.1496 0.0538
p value 0.000 0.000 0.000 0.000 0.049 0.772 0.001 0.542 0.000 0.000 0.000

Men
Parameter estimates 3.77 0.0208 0.2569 0.0508 –0.0039 –0.0648 –4.19e-07 –0.0515 0.1449 0.2325 0.0833 0.0906
p value 0.000 0.000 0.000 0.000 0.879 0.019 0.158 0.007 0.000 0.000 0.012

Simple model, no confounders
Women

Parameter estimates 6.96 0.0132 0.2120 0.0281
p value 0.000 0.000 0.000

Men
Parameter estimates 6.68 0.0218 0.3376 0.0430
p value 0.000 0.000 0.000

*Note that the units of the variables differ, and therefore the coefficient estimates cannot be directly compared. 
aCo-morb is a dummy variable which represents membership of the co-morbidity group.
bEdu1 is a dummy variable indicating ≤10 years of schooling.
cEdu2 is a dummy variable indicating that the respondent had a university degree.
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Like Folmann et al. [12] we found that the association be-
tween WC and health care costs is greater for obese men.
Reasons for these observed gender differences in the associa-
tion between WC and health care costs can be that the in-
crease in size of the visceral fat mass for a given change in WC
is smaller among women.
Although the rate of increase in health care costs per added
centimetre above normal WC is similar for individuals with
and without co-morbidities, it should be noted that the ab-
solute increase in costs as WC increases is higher for individu-
als with co-morbidities due to their general higher level of
costs amongst those individuals (indicated by the statistically
significant co-morbidity variable, see table 2).
To strengthen our analyses, we adjusted for several con-
founders including age, education, income, smoking status and
status of physical activity. We found no appreciable effects of
including these variables on the estimated rate of increase in
health care costs incurred by an increased WC, which indicates

that our results are robust and not potentially affected by the
difficulties associated with the confounder-mediator distinc-
tion. In addition, it should be noted that the coefficients of the
potential confounders were as expected, which can be regard-
ed as a validation of the data. 
Our study has several methodological advantages. First, the
analyses were based on follow-up data of a large number of
subjects (n = 31,840). Second, individual data on health care
consumption and associated costs were extracted from valid
registers, and the consumption of health care services could
be directly linked with personal details for the single individ-
ual. Third, the WC measurements have high validity as they
were measured by trained staff. Fourth, the impact of WC
upon health care costs was analysed after adjustment of a va-
riety of potential confounders. Fifth, in the sample selection
process potential sources of bias and confounding due to ill-
ness-related weight losses were sought to be eliminated by ex-
clusion of people with a history of cancer and people with a
BMI <18.5 kg/m2.
Nevertheless, the present study is not without limitations.
There is a risk of selection bias, since only one third (35%) of
the invited individuals participated in this study. The selection
bias is especially expected to exist in the co-morbidity group
since it is likely that it is the healthier fraction of those with
co-morbidities who choose to participate in a study such as
this one. However this may not affect the strength of the asso-
ciation between levels of observed WC and subsequent costs.
Also, the white-coat problem for blood pressure measurement
means that some people may wrongly have been allocated to
the co-morbidity group. There is no obvious reason to believe
that the cost estimates associated with WC for given cate-
gories of co-morbidity is biased. The restricted age group (age
at baseline = 50–64 years) limit for extrapolating to the gener-
al population.
Our analysis was limited to health care costs and, therefore,
does not address other costs resulting from obesity. Previous
studies have shown that obesity is associated with absenteeism
[46–48], unemployment [49], social stigmatization and discrim-
ination [50] etc. Finally, the study design addressed only inter-
individual WC differences, and not intra-individual WC
changes before and after the baseline assessment on health
care costs. Hence, one should be cautious in extrapolating the
results observed in this study to a setting, which involves intra-
individual WC changes.
The likelihood that the observed association between future
health care costs and WC at baseline reflects a causal relation-
ship is strengthened by the fact that the association was unaf-
fected by inclusion of alternative explanatory factors. Causali-
ty does, however, not imply reversibility. The question of
whether a decrease in WC can induce reduction in future
health care costs can only be answered through application of
a longitudinal observational or interventional study design
with repeated WC measurements over time. However, for
those individuals who are healthy at baseline increased WC
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Fig. 1. Predicted annual health care cost (USD) by waist circumference
(WC), estimated on the basis of the ‘Simple model, no confounders’. a
Men, b women.
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appears to be a good predictor of future co-mor-
bidities and associated health care costs. The pre-
sent study suggests that targeting preventive mea-
sures at those at risk of increased WC, and particu-
larly at those with substantially increased WC, is
likely to incur significant cost savings to the society,
if the intra-personal WC-cost relationship is the
same as the inter-personal WC-cost relationship
observed in the study model. This information is
important for the health planner in the battle
against the obesity epidemic. 
In epidemiological studies WC, as a measure of in-
traabdominal visceral adiposity, has been shown to
be a strong marker of health risks. In addition, the
present study clearly demonstrated that obesity as
measured by WC has a considerable impact on
health care costs. From a clinical as well as a socio-
economic perspective WC is a simple and relative-
ly inexpensive to obtain. Moreover, it can be easily
monitored over time.

Conclusions

In conclusion, our results indicate that future
health care costs are higher for persons who has an
increased or substantially increased WC than for
individuals with normal WC. For women and men
with increased or substantially increased WC
health care costs rise at a rate of 1.25 and 2.08%,
respectively, per added centimetre above normal
waistline. These results suggest that there may be a
potential for significant resource savings through
prevention of abdominal obesity.

Appendix 

Ordinary least square regression was used to model the rela-
tionship between WC and mean annual health care costs. As
the cost data were characterised by a skewed distribution
with a long right hand tail, the distribution of residuals were
normalised by applying the logarithm to costs. Hereafter the
kurtosis was 3.876 and the skewness was 0.137 (for a normal
distribution the kurtosis is 3 and the skewness is 0).
The effect of WC on health care cost was modeled as a linear
spline function. The applied basis model (‘Full model’) has
the following structure:

Log(cost) = β1 + β2 WC + δ1d1(WC –x1)+δ2d2(WC –x2)

+δ3 Co+δ4CO×WC+δ5Co×d2(WC –x1)+δ6Co×d2

(WC –x2)+a1Z1

where WC is waist circumference, d1 and d2 are dummy vari-
ables, indicating whether a person has increased (d1 = 1 and
d2 = 0) and substantially increased WC (d1 = 1 and d2 = 1).
The knots of WC were for women set to 80 cm (x1) and 88Ta
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cm (x2) and for men to 94 cm (x1) and 102 cm (x2). Co is a dummy variable
which represents membership of the co-morbidity group ( = 1 if partici-
pant suffers from a co-morbidity; else zero), and Z is a vector of potential
confounders. Interaction terms test for differences in the impact of WC on
costs for those with and without co-morbidities. 
The potential confounders constitute of age (a continuous variable), edu-
cation represented by two dummy variables (Edu1 = 1 if level of education
≤ 10 years of schooling (else zero) and Edu2 = 1 if the respondent had a
university degree, else zero), income (a continuous variable), smoking
habits represented by three dummy variables (current smokers, past
smokers and heavy smokers), physical activity (one dummy variable).
In all, four models were made. The statistical properties of each model
were systematically assessed. Furthermore, the residuals were analysed in
order to asses whether the distributional assumptions of OLS regression
were met. In the presence of heteroscedasticity, White-corrected standard
errors were used and reported. Restrictions of parameters were tested by
use of likelihood ratio test. The two primary models are shown in table 2,
whereas the results of the ‘Full model’ and the ‘Reduced model’ are
shown in table 3.
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