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Abstract

Background

The evidence on the long-term economic effects of obesityiliscgrce. This study aims o
analyse the impact of body mass index (BMI) and BMI-changéutime pharmaceutical
utilisation and expenditures.




Methods

Based on data from 2,946 participants in a German population-based haaidly| s
(MONICA/KORA, 1994/95) and the follow-up study (2004/05), drug intake |and
expenditures were estimated using a bottom-up approach. Using unieadiateultivariate
methods, we analysed the impact of baseline BMI and BMI-changkugnutilisation and
expenditures after 10 years.
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Results

The use of pharmaceuticals was more likely in moderately ewetedy obese compared|to

the normal weight group (OR 1.8 and 4.0, respectively). In those who reported
pharmaceutical intake, expenditures were about 40% higher for the groeps. A 1-poinf
BMI-gain in 10 years was, on average, associated with almost 6B&rheéxpenditures
compared to a constant BMI.

Conclusion

The results suggest that obesity as well as BMI-gain apagstpredictors of future dryg
utilisation and associated expenditures in adults, and thus highlighetessity of timely
and effective intervention and prevention programmes. This study eorapts the existing
literature and provides important information on the relevance of obesity alshagdneblem.
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Background

The global prevalence of overweight and obesity has increasedicsigtiif over recent
decades. According to the World Health Organization (WHO), 1.%otiladults were
overweight in 2008. Of these, over 200 million men and nearly 300 million wovees
obese [1]. The results of the German Telephone Health Survey 2003rstpm Germany,
about 70% of men and 50% of women are overweight or obese. Compared wetbulke of
the German National Health Interview and Examination Survey 1998, iripties a
considerable increase in adult prevalence rates [2].

Obesity is a major public health concern, presenting a huge burdirectfy and indirectly
obesity-related diseases [3] as well as economic implicatoyrsociety. Besides lower skill
attainment [4] and worse labour market outcomes [5], these economsequences also
include higher health service expenditures — already visible idhdal [6-8] and later on in
adulthood [5].

The obesity-related drug prescription costs for Medicare loaeés were analysed by
Stuart et al. for the USA. They concluded that overweight and opeeple have
significantly higher drug expenditure compared with normal weigbplee mainly owing to
chronic diseases [9]. Two other US studies confirm these findiagerting an increase in
average prescription drug expenditures by 80.4% compared with norngdit wesurants



[10] and 95% greater prescription drug expenditures for morbidly obm®sgared with
normal weight adults [11]. A further cross-sectional study inltKeshowed a considerable
increase in annual prescription drug expenditures with each unitsedre@ody mass index
(BMI), which was greater in men [12]. The German study by von L&eget al. based on
cross-sectional data also found higher expenditures for prescriptios fdrugeverely obese
compared with normal weight people [13].

However, most cost-of-illness or excess-cost studies repattuggexpenditures focused on
prescription drugs, excluding patients’ out-of-pocket expenditures. Fodhe, they are
mostly based on cross-sectional data and may therefore only draslkugions regarding
short-term associations of BMI and expenditures. Yet, obesitgasralated to increased risk
factors for several diseases that might occur with a gignif time lag [14,15]. Information
on the long-term influence of elevated BMI on health care expeaditand the role of
weight development or maintenance is still scarce. The studiéssjgaard and colleagues
examined future health care costs in relation to waist ciraemée and BMI in a Danish
prospective cohort study. Increased waist circumference ssxiated with higher future
health care costs [16] even for constant levels of BMI [17], butlteesvere not reported
separately for the included cost components such as drug expendiilleest &l. found that
medication costs for the treatment of type 2 diabetes and detatmorbidities were
significantly higher in Spanish type 2 diabetes patients wheedadMI compared to those
without a BMI increase [18]. Based on self-reported height andhiyeighompson et al.
showed for a cohort of Kaiser Permanente members aged 25-64hgdtgure healthcare
costs were higher for overweight, but especially for obessops. This association was
specifically clear for pharmacy costs, particularly diabetied cardiovascular medications
[19].

Two German studies examined the subject of BMI and BMI changduaun@ healthcare
costs based on different surveys from the prospective MONICA/KO&t#ort studies. One
found higher future physician costs as well as indirect costsgoiw production losses for
obese participants compared with the normal weight group [20]. Tleadsetudy reports
that those participants who maintained overweight, gained weight owdight had higher
outpatient physician costs compared to participants who maidtaorenal weight over 7 to
10 years, especially after baseline obesity [21]. However, to our &dgei| there are no
publications analysing the association of BMI/BMI change and ¢ostsharmaceuticals for
Germany so far.

To complement the existing literature, the present study aimanalyse the impact of
baseline BMI and BMI change on future drug utilisation and expeeditafter 10 years in
German adults based on the MONICA/KORA surveys S3 and F3. This isghuescription
drug expenditures as well as out-of-pocket payments.

Methods

Study population and sampling

The MONICA/KORA (Cooperative Health Research in the RegioAurfsburg) Survey S3
conducted from October 1994 to July 1995 is a population-based health surtejpdras
were randomly selected from all registered citizens of @ermationality aged between 25
and 75 years in the region of Augsburg and its two surrounding countissuthern



Germany. The KORA Follow-up study F3 was conducted in 2004/05, in whicB83al
participants who had not died, moved abroad or to an unknown location or refused to
contacted were contacted again. Both studies were approved byspngible ethics
committee (Bavarian Medical Association, Munich).

In the S3 Survey, a sample of 4,856 participants was examined (basspunse rate:
74.9%). Of these, 3,006 individuals (61.9%) also participated in the Follovdyp BB from
October 2004 to May 2005: People were considered ineligible for th@yfhad died in the
meantime (n = 405, 8%), lived too far outside the study region or emmgletely lost to
follow-up (n = 222, 5%) or had demanded deletion of their address data (n = 270, 68&). Of t
remaining 3,959 eligible people, 161 (4.1%) could not be contacted, 295 (7.5%) walee una
to come because of illness or lack of time, and 497 (12.6%) were liogwo participate in

this follow-up, giving a response rate of 76%. For the following aralyall those with
missing information on BMI in S3 or F3 and those with missing méiron on drug
utilisation in F3 were excluded (n = 44). Furthermore, individuals wigMa smaller than
18.5 kg/nf were not included (n = 16) because of the small sample size. Rrobabl
underweight health conditions or even severe illness might causemsoieen including
those participants in the normal weight group. In sum, a completeetiaakiding drug
utilisation and BMI was available for 2,946 (61% of the S3/baselimplgg individuals in
both surveys.

Obesity

In both studies (Baseline S3 and Follow-up F3), body weight and heigh¢ glatticipants
were measured anthropometrically in a standard medical examnineerformed by trained
medical staff. Calibration of measuring instruments was cethidyreegular inspection using
standard weights. BMI was calculated for each participantedghivin kilograms/(height in
metresj. Following the WHO definitions, the participants were classifito four groups
according to their BMI at baseline: normal weight (18 BMI < 25); overweight (25 BMI

< 30); moderate obesity (obesity class 1:<3BMI < 35); severe obesity (obesity class 2-3:
BMI > 35) [22]. BMI change was defined as the absolute BMI differémteeen 2004/05
and 1994/95. Those participants who changed to the underweight group (B3vB)<during
the 10 years (n = 6 formerly normal weight persons) were includéde normal weight
group at follow-up.

Sociodemographic and socioeconomic factors

In this analysis, gender, age and socioeconomic status in the feglstudy (F3) were used
as potential confounders. Information on gender and age was availalal participants.
Determinants of socioeconomic status (SES) were assessstructared face-to-face health
interview performed by trained medical staff [23].

SES was defined using the index compiled by Helmert and cobsagwhich is
recommended for the German population [24-26]. This index is based on dopres
educational level, occupational status and income in the Follow-uy $E8). School
education or vocational training was used for the educational lesleboEeducation was
based on five categories (no school leaving certificate, primaecgnslary, tertiary school or
general qualification for university education), and seven catsgavrere differentiated for
vocational training ranging from no vocational training to universityr@®gOccupational
status was grouped in a social class hierarchy proposed by fitl@inte Shea [24] for the



German labour market. For the equivalent household income, we used dineéni@lgroups:
<50%, 50-69%, 70-89%, 90-109%, 110-129%, 130-149%, 150-169%, 170-189% and
>190% of the median income. Scores ranged from 1 to 9 (income, too)@nd O to 9
(education), respectively, and were added up to build a global sc@&%orin the following
analyses, participants were grouped into five SES cated@dgk/,28]: lower social class =
scores from 2 to 8; lower middle social class = scores from XLt middle social class =
scores from 12 to 14; upper middle social class = scores from1B &md upper social class
= scores from 19 to 27. To prevent loss of data that might caussmsyist bias, missing
values for SES (0.5%) were imputed using the Markov chain Monte GQardtidn method
from the SAS procedure PROC MI based on the variables educdtwell occupational
status and income.

Measurement and assessment of drug utilisation arekpenditures

In the F3 Follow-up study, data on the participants’ utilisation ofrpheeuticals during the
previous 7 days were collected in a standardised computer-dgsessonal interview [29].
For the assessment of drug utilisation and related expendituigsea narrow definition of
pharmaceuticals was applied with reference to 82 GermamBbauticals Act (AMG), and
‘non-pharmaceuticals’ were excluded based on ATC (anatomic the@peldimical
classification) groups. Specifically, vitamins and dietary supplesn@iC A11/A12) were
excluded as well as ATC groups V02-V60 (varia), homoeopathic and herbaimas.
Utilisation was defined as the number of pharmaceuticals taken within the last. 7 da

Pharmaceutical expenditures were estimated based on informatiorthe name,

pharmaceutical identification number and dosage of drug intake. The pleatioakc

identification number enables a well-defined attribution of a phautmal product

including for example name, package size, defined daily dose (DbBd)ace. First, the

pharmaceutical identification number was used to derive the papkiage As suggested by
costing guidelines [30,31], the pharmaceuticals were priced using 2@@S pccording to
the national price list (available by WidO — Scientific Inggt of AOK). If a definite

identification of the pharmaceutical was impossible owing to ingsslata and the
information on the drug name was imprecise (e.g. ‘pain killéhge price of the most
frequently mentioned pharmaceutical in the particular ATC groap used for the largest
freely disposable package (N3) in a conservative approach. If oalyagent could be
identified (e.g. ‘acetylsalicylic acid/ASA’), the cheappsbduct in the particular ATC group
was assumed.

Drug expenditures per week were calculated as follows: if phaeuticals were taken
regularly (84%), the daily dose was multiplied by the number of digisug intake per week
(both self-reported) and then divided by the number of units per padkabarmaceuticals

were not taken regularly, the information on daily dose and daysaie were not given. In
this case, we assumed one intake per week in a conservativanbsas and used the DDD.
In both cases, this gives the proportion of the package that vess pes week. This
proportion was then multiplied by the package price, resulting in expenditures fer wee

To test the sensitivity of utilisation and expenditure estim@&teshanges in the underlying
assumptions, univariate sensitivity analyses were performed,. tBiisnprove comparability
with other studies, we also calculated the expenditures for g&soronly drugs by BMI

groups. Second, in case the pharmaceuticals were not taken reguarbssumed daily
intake instead of one intake per week to show up the upper limitiofagstl expenditures.



Furthermore, we assessed the impact of mandatory manufactdrgharmacy discounts for
statutory health insurance on the results: first, a 6% reductitimei manufacturer’s selling
price (SGB V 8130a) and, second, a reduction in the pharmacy selloey qirE 2 for
prescription-only drugs and 5% for other drugs (SGB V §130).

In order to improve comparability with other studies, mean expenslipgeweek were also
extrapolated to 1 year by multiplication by a factor of 52.

Statistical analysis

In univariate analyses, the proportion of participants with phamutiaakintake, in total and
separated by ATC groups, was compared between BMI groups, and cla-segtarwere
conducted to assess the significance of differences. Analys&E®ygroups were performed
for those ATC groups that constitute more than 5% of all pharmealsuin our sample (A:
Alimentary tract and metabolism; B: Blood and blood-forming org&hsCardiovascular
system; G: Genitourinary system and sex hormones; H: Systewnmonal preparations,
excluding sex hormones and insulins; M: Musculoskeletal systenNeR/ous system; R:
Respiratory system).

The proportion of prescription drugs was analysed with regard toothedifferent BMI
groups. Furthermore, the number of pharmaceuticals per persaompared between BMI
groups and tested for significance using Kruskal-Wallis tests.

In order to account for non-normality of the cost data, confidencevatde(Cls) were
estimated for each BMI group applying a non-parametric bootstpgpoach (1,000
replications) using a percentile method.

Expenditures were shown to have a skewed distribution: whereas sampaas (32%)
had zero expenditures, there was a small number of people withdhighexpenditures,
which is typically observed for health care cost data [32,33]. Touaut for this skewness of
the data, two-part regression models were applied.

All regression analyses were adjusted for age, sex and SUggioAally, age was entered as
a quadratic term to account for a possible non-linear effecteof'grmal weight’ was the
reference group for the BMI classes shown, ‘male’ for sex and ‘lowealstbass’ for SES.

A logistic regression model (GENMOD procedure in SAS) Far binary response variable
was calculated in the first step of the two-part model predittiegodds ratio of positive
expenditures in the respective obesity class. In the second stéyepespenditures were
estimated using a generalised linear model (GENMOD procedure in S&@hi;mg a gamma
distribution with log-link function [34], which was supported by the modifléosmer-
Lemeshow Test (p = 0.46) and the Pregibon Link Test (p = 0.12). We tep@xponents of
regression estimates that can be interpreted as factorsiseVmeuded BMI as continuous
non-linear effect in a generalised additive model, but this did not improve our model.

A separate two-part model was used to explore the relationshipedretiuture drug
expenditures in the years 2004/05 and the change in BMI between 1994/200a5
while adjusting for baseline BMI. According to the Akaike InforimatCriterion (AIC) the
fit of this model was slightly better compared to the modehauit BMI change. The
additional inclusion of interaction terms between baseline BMI grodpBMI change was



tested, but did not show an improvement, nor did the assumption of non-lirefaBiyl
change in a varying coefficient model.

To improve the understanding of expenditure differences, the contributismgié ATC
groups to total expenditures was analysed and displayed by BMI dvimam expenditures
were adjusted for age, sex and SES using recycled predictions [35].

All statistical analyses were performed using SAS s®WSAS Institute Inc., Cary, NC,
USA: Version 9.2). The statistical significance level was p < 0.05.

Results

Sample description

Table 1 shows the characteristics of the resulting study population (n = 2,948l lsjaBses
for the year 1994/95. In total, 51% of the participants were femald, significant
differences between the four BMI groups. The mean age was 5%$ ymaeasing with
higher BMI groups. The SES status was higher among the nomeight participants
compared with the overall sample. The proportion of lower SES clessgagher in higher
BMI groups. The average BMI gain decreases with increasinglibasBMI, whereas
standard deviations increase.



Table 1 Sample description at the Follow-up F3 by BMI classes of the Baseline K@Rsurvey S3 (1994/95)
Baseline: S3 (1994/95)

Follow-up Sample Overall Normal weight Overweight Moderate  Severe obesitp-value
obesity
F3 (2004/05) n @ n @®” n @®" n @) n  (®)°
2,946 100% 1,06435.9% 1,32744.8% 434 14.7% 121 4.1%
Sex Men 1,444 49.0% 368 34.6% 812 61.2% 224 51.6% 40 33.1% <.0001
Women 1,502 51.0% 696 65.4% 515 38.8% 210 48.4% 81 66.9%
Socio-economic statusLower class 463 15.7% 106 10.0% 218 16.4% 96 22.1% 43 35.5% <.0001
Lower middle class 601 20.4% 191 18.0% 258 19.4% 125 28.8% 27 22.3%
Middle class 627 21.3% 247 23.2% 286 21.6% 74 17.1% 20 16.5%
Upper middle class 72824.7% 305 28.7% 306 23.1% 91 21.0% 26 21.5%
Upper class 527 17.9% 215 20.2% 259 195% 48 11.1% 5 4.1%
Normal weight or underweight 854 29.0% 737 69.3% 115 8.7% 2 05% O 0% <.0001
BMI group Overweight 1,298 44.1% 316 29.7% 918 69.2% 63 145% 1 0.8%
Moderate obesity 59920.3% 11 1.0% 284 21.4% 280 64.5% 24 19.8%
Severe obesity 195 6.6% 0 0% 10 08% 89 205% 96 79.3%
Age (years) Mean (SD) 57.6 (12.8) 52.4 (12.1) 59.9 (12.4) 62.0 (12.0) 62.0 (11.2) <.0001
BMI change Mean (SD) 0.97 (2.1) 1.14 (1.77) 0.88 (2.04) 0.98 (2.57) 0.45(3.21) 0.0008

Underweight: BMI < 18.5; normal weight: 186BMI < 25; overweight: 25 BMI < 30; moderate obesity (obesity class 1):<3BMI < 35;
severe obesity (obesity class 2—3): BM35.

®Patients who changed to the underweight group during the 10 years (N = 6 formedyweight persons) were included in the normal weight
group at follow-up (F3).

PColumn percentages per gender/SES are shown.



Table 1 also shows the number of patients who stay in the same obesity cldsadetine to
follow-up and those who change from one category to another by gainlogirgg weight.
Most participants remained in the normal weight or overweiglegcay after 10 years, 31%
of the normal weight participants switched to the overweight oreotlasses, and 22% of the
overweight participants changed to a higher BMI group status. On thehathe, over 20%
of the severely obese and 15% of the moderately obese participants managedemluse

Effect of obesity on future drug utilisation and exyenditures
Univariate analysis

In our sample, in total 6.309 drugs were reported. Table 2 displaymddgusted results for
the mean number of pharmaceuticals and the associated expendit@®s group. These
univariate analyses show that both utilisation and expenditures secsagnificantly with
increasing BMI. The results of sensitivity analyses show iteén expenditures are 12%
lower if only prescription drugs are regarded and 4% lower ifrphay price discounts are
included. Assuming daily intake instead of one intake per week foe thaicipants who
stated irregular drug intake leads to an increase in expendifird9%. However, the
differences between BMI classes are still significant.



Table 2Drug utilisation and expenditures by baseline BMI group (unadjusted)

Total Normal weight Overweight Moderate obesity Severe obesityp-value®
n 2,946 1,064 1,327 434 121
Number of drugs Mean 2.14 1.42 2.23 3.09 4.12 <.0001
SD 2.44 1.80 2.49 2.75 3.23
Costs/week (base) Mean 9.48 6.94 9.69 13.63 14.51 <.0001
95% CI® [8.67-10.35] [5.63-8.57] [8.62—-10.85] [10.99-16.76] [11.65-17.78]
Costs/week (prescription drugs) Mean 8.35 5.67 8.58 12.80 13.55 <.0001
95% CI° [7.60-9.11] [4.51-7.11] [7.67-9.63] [10.23-15.78] [10.84-16.56]
Costs/week (7/weekK) Mean 12.25 9.67 12.24 17.29 17.09 <.0001
95% CI° [11.34-13.20] [8.09-11.64] [11.03-13.52] [14.36-20.71] [13.96-20.61]
Costs/week (discounts) Mean 9.08 6.60 9.31 13.13 13.93 <.0001
95% CI° [8.30-9.93] [5.35-8.12] [8.29-10.43] [10.55-16.15] [11.26-16.92]
Costs per year (base) Mean 493 361 504 709 755 <.0001
95% CI® [451-538] [293-446] [448-564] [546-872] [607-925]

®p-values were based on Kruskal-Wallis tests.
b Confidence intervals (Cls) were estimated based on 1,000 bootstrap replications.
“Only prescription drugs.

9n case the pharmaceuticals were not taken regularlysewereed 7 days of intake instead of 1 (base analysis) to shdve wpper limit of

estimated costs as sensitivity analysis.

®Pharmacy discounts, as regularised in the Social Security Code (SGB) Vr&ll8030a, were incorporated as sensitivity analysis.



68% of the participants stated drug intake during the previous wdek. pErcentage
increases significantly with increasing BMI. Detailed arsab/for the most frequently taken
ATC groups show that this increase is significant for the ATaligs A, C, H and M (see

Table 3).
Table 3Percentage of participants with drug intake by baseline BMI group
Total By BMI group
Normal Overweight Moderate Severe p-value®
weight obesity obesity
n=2946 n=1064n=1327 n=434 n=121
Percentage 67.9% 60.3% 68.6% 78.8% 90.1% <.0001
Percentage by A: Alimentary tract 16.3% 8.6% 17.3% 25.1% 42.1% <.0001
ATC group and metabolism
B: Blood and blood- 13.5% 7.9% 15.7% 18.7% 21.5% 0.3732
forming organs
C: Cardiovascular 36.9% 19.1% 40.5% 60.1% 70.2% <.0001
system
G: Genitourinary 12.8% 16.7% 10.8% 9.2% 14.0% 0.2158
system and sex
hormones
H: Systemic hormonal 14.8% 12.9% 13.6% 19.8% 28.1% 0.0004
preparations, excl. sex
hormones + insulins
M: Musculoskeletal 16.5% 11.6% 16.3% 27.0% 24.8% <.0001
system
N: Nervous system 16.4% 14.9% 16.2% 20.0% 19.0% 0.5355
R: Respiratory system 8.2% 7.7% 8.1% 9.4% 9.1% 0.4434

®p-values were adjusted for age, sex and SES.

Multivariate analysis

Table 4 displays the results of the two-step regression modelss winelel 1 estimated the

impact of baseline BMI status on expenditures and model 2 showslditemal effect of

BMI change over the last 10 years. In each of the two modelsdtigeratio of drug use was
modelled in the first step and the amount of total drug expenditures in the second step.



Table 4Impact of baseline BMI and BMI change on drug expenditures — two-step regssion analysis

Model 1

Model 2

Parameter

Intercept

Age

Age squared

Sex: female

SES™
Lower middle class
Middle middle class
Upper middle class
Upper class

BMI ¢
Overweight
Moderately obese
Severely obese

BMI change

Scale

AIC

Impact of baseline BMI only

1. Probability
n=2,946
Odds ratio p-value

0.164  0.055
0.974 0.449
1.001 0.010
2.179 <.0001
0.347
1.036 0.817
0.984 0.913
1.247 0.137
1.108 0.514
<.0001
1.188 0.087
1.776 <.001
4.068 <.0001
2.718 -

3228

2. Amount of costs if >0

n=2,003
Exp(est? p-value
37.462 <.0001
0.951 0.018
1.001 0.004
0.967 0.582
0.112
0.922 0.389
0.894 0.256
1.084 0.400
1.079 0.476
0.001
1.132 0.089
1431 <.001
1.361 0.025
1.839 -
14385

Impact of baseline BMI and BMI change
2. Amount of costs if >0

1. Probability
n=2,946
Oddsratio  p-value
0.168 0.058
0.971 0.399
1.001 0.007
2.162 <.0001
0.324
1.034 0.830
0.987 0.930
1.253 0.129
1.120 0.472
<.0001
1.189 0.086
1.769 <.001
4.134 <.0001
1.037 0.087
2.718 -
3227

n=2,003
Exp(est? p-value

33.191 <.0001
0.950 0.008
1.001 0.001
0.960 0.462
0.045
0.929 0.387
0.914 0.314
1.095 0.292
1.123 0.233
<0.0001
1.126 0.073
1.426 <.0001
1417 0.005
1.055 <.0001
2.099 -

14322

®Exponents of regression estimates are reported, that can be interpfatdras
Reference®Lower social classNormal weight.
9p-values for overall impact of group variable are given.



According to model 1, compared with the normal weight group, the odds of ateutical
intake were about 78% higher for moderately obese and more than dofofoseverely
obese patrticipants (both significant). Regarding the participatiisparmaceutical intake,
expenditures were about 40% higher for moderately and severebe giaticipants.
Regarding the possible confounders, age showed a significant U-slfiotde the amount
of total expenditures. Women had significantly higher odds of cawestpgnditures than
men. However, there were no significant differences betweeranmwomen regarding the
amount of expenditures. The overall impact of SES was not significant in this model.

In an extended model, we tested the additional impact of weighgeharer the last 10
years. The respective results are also shown in Table 2 (modBM2)change has no
significant effect on the odds of drug intake (p = 0.087), but (forethesgh positive

expenditures) does have an effect on the amount of drug expenditwss.ohhaverage, a
one-point BMI gain over the last 10 years is associated with 5.5%ehigxpenditures
compared with someone with a constant BMI, among those that have pesjimeditures.
Compared with model 1, however, additionally adjusting for BMI chédmragdly affected the
regression results for baseline BMI or for the other variakle$y the overall effect of SES
becomes significant in the second step of this extended model.

Figure 1 shows the contributions of the six economically most imqontaividual ATC
groups to total adjusted expenditures for each BMI category. Aeaserin mean drug
expenditures is especially noticeable for those pharmaceutegdgtargeting the alimentary
tract and metabolism (differences to normal weight signifitenbverweight (p = 0.002),
moderate and severe obesity (p < 0.0001)) and the cardiovascukan dygktferences to
normal weight significant for overweight, moderate and sewbssity (p < 0.0001)). Also
compared to the normal weight group, expenditures for pharmaceuticgitintg the
respiratory system are significantly higher in the moderatieése group (p = 0.006), but not
for the severely obese (p = 0.790). Also, the composition of drug expenojtdiTC groups
differed significantly across BMI groups. The ‘other’ group contafki8C groups for
medicines targeting blood and blood-forming organs (B), dermatolsg{€g, systemic
hormonal preparations, excluding sex hormones and insulins (H), antuagetdr systemic
use (J), antineoplastic and immunomodulating agents (L), antipam@sitiacts, insecticides
and repellents (P) and sensory organs (S).

Figure 1 Adjusted mean expenditures per week€) by ATC group and baseline BMI
group [95% CI]°.

Discussion

The present study aims to analyse the impact of obesity and ciarigdl on future
pharmaceutical utilisation and expenditures based on data from two jpopdbased health
surveys in Germany.

The percentage of participants with future drug intake as welthasproportion of
prescription drugs increases significantly with rising baselBMI group. Also, after
adjusting for age, sex and SES, moderately and severely obepke fhave significantly
higher odds of future drug utilisation as well as higher future repges compared with
normal weight participants. This is consistent with results ftben existing international
literature on the impact of BMI on pharmaceutical expendituresdbasecross-sectional



studies, e.g. [9-13]. BMI change has no significant additional effacthe odds of drug
intake, but does have an effect on the amount of expenditures. On azeoagepoint BMI
gain over the last 10 years is associated with 5.5% higher esp@sdicompared with
someone with a constant BMI. In total, 11% of the formerly ovefweaig obese participants
succeeded in losing weight and changing to one of the lower Bidgories. Among those
who have drug expenditures, on average, a one-point BMI decrease Heriagtt10 years
was associated with 5% lower drug expenditures — independentbiaseline BMI. The
independent effect of weight change on costs is an important findingh véhconfirmed by
an additional analysis adjusting for current BMI instead of bas@&MI (in this case costs
changed by almost 3% per BMI point gained/lost). This shows tlaessful prevention
programmes, but also intervention programmes for already obegdepbave a strong
potential to reduce pharmaceutical costs in the long run.

The reported results show that an increase in mean drug expenditespecially noticeable
for those pharmaceutical groups targeting the alimentary @rattmetabolism (A) and the
cardiovascular system (C). In our sample, these groups partianieltide drugs for diabetes
and coronary heart disease. This is in line with the findings @arlier study in the U.S [19]
and seems quite plausible, as obesity is a known risk factor feasgis such as diabetes,
dyslipidaemia, coronary heart disease and cardiac insufficiency [14].

This is the first study analysing the longer term effe€t8MI and the effect of BMI change
on pharmaceutical utilisation and expenditures for Germany in a boticepproach. This is
possible because of the longitudinal design of the MONICA/KORA caostady, which
provides patient-level information on drug intake (including out-of-poekgtenditures),
measured BMI and sociodemographic variables. Another advantages @pitrioach is the
possibility of comparing expenditures in population subgroups, for examgseregpect to
sociodemographic variables and BMI. Although analyses based on comprehensive
administrative statistics might give better estimatethefactual level of expenditures for the
respective institution (e.g., health insurance), they mostly donctide patients’ out-of-
pocket-expenditures. Furthermore, these studies are often limitedsés of diagnosed
obesity rather than measured weight for height and do not alldwatiisn between different
degrees of obesity.

However, the study has some limitations. First, the MONICA/KORurvey is not fully
representative of the population in Germany; for example, thénéatth surveys are limited
to people of German nationality [23], and earlier studies have showmhbaity is more
prevalent in migrant cohorts [28]. Another reason for the uncertaintlye results is drop-
out. Regarding the study sample for this analysis, a toth)83f7 people dropped out from
the Baseline survey S3 (1994/95) to the Follow-up F3 (2004/05): of these, 1%686 w
moderately obese at baseline and 7.3% were severely obese. Convjihrélde weight
distribution in the analysed sample, more severely and moderatsg people dropped out
than normal weight and overweight people. Therefore, it cannot be exthaigzeople with
a high utilisation of health care services, for example owingréater age or illness, have
dropped out before the Follow-up KORA survey was conducted. Therefotare
pharmaceutical expenditures due to obesity class (change) magdeeestimated in this
analysis, particularly in the case of moderately and severely obesgpats.

Moreover, the statistically insignificant results of sevemdgse participants and users might
result from low statistical power owing to the relativetyadl number of cases in this group
compared with the other weight categories.



Although the problem of recall error should be small consideringstiogt time period, it
cannot be excluded as participants are asked to provide informetiospectively — in this
case, to state the utilisation of pharmaceuticals for the previous 7 days.

The estimation of drug expenditures was based on several assunimitomay have caused
under- or overestimation. To reduce the uncertainty of drug ublsasensitivity analyses
were conducted. First, if pharmaceuticals were not taken régulee assumed one intake
per week as a conservative base analysis. An alternasuenpgon of daily intake leads to
an increase in mean expenditures of around 29%. Furthermore, sgnsitialysis was
performed regarding legal price discounts. Al-though all these umi®@achanges affect the
extent of expenditures in total, they barely affected the diftea® between BMI classes.
Discount contracts between the pharmaceutical industry and heakh ircgurers, as
introduced in 2003, could not be taken into account as this information is natlyubl
available.

In this study, we estimated the expenditures for drug consumptiod tasilisation during
1 week. The actual expenditures might be even higher if packagemly partly used and
leftovers are thrown away. Moreover, as utilisation of pharmaasitivas requested for the
last 7 days, the extrapolated yearly expenditure estimates should beetetbipith caution.

SES was included as a confounder in statistical analyses bécauzseinfluence health care
utilisation as an ‘enabling factor’ [36]. Yet, it has to be noted 38 may also be associated
with overweight and obesity, but causality is not trivial [37,38]. Altholoyv income might
have a negative impact on health behaviour resulting in weight ganyeght and obesity
could also impede labour market outcomes and cause lower wages [5¢vetpva
recalculation of the regression model without SES as a confoundrrable did not change
our results.

Conclusions

The results of this analysis suggest that obesity is a stredicfor of future drug utilisation
and associated expenditures in adults, and therefore highlight thesityeoégimely and
medically effective intervention and prevention programmes. MeroBMI change is
shown to be an independent predictor of drug expenditures. This mayirbpatant finding
regarding the implementation and evaluation of obesity preventigngmones: next to BMI
reduction in overweight and obese adults, the sustainable prevention aje@Mshould be
seen as an important goal and an indicator for the success ofraentiten. Based on these
findings, medically effective obesity prevention and intervention progras have
considerable potential to reduce short- and long-term drug expenditures.

Yet, the relationship between BMI and health care expenditures dammigarly defined as
long as a complex analysis including all causal relations dstwobesity and chronic
diseases is still lacking. Higher health care utilisationhmigiso be caused by a non-
observable disease. Owing to the complexity of obesity as a Ipealitem, the excess-cost
approach was chosen for this analysis, assuming that all exdissdion is related to excess
weight [39]. In order to completely understand the interaction betwegght status, weight
development and the associated future health care utilisation andfroostsa lifetime
perspective, further research is necessary. Besides lomgecdbort- and modelling studies,



this should also include methodological research on cost assessment anémeasas well
as the economic evaluation of effective obesity prevention programmes.
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