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ARTICLE INFO ABSTRACT

Keywords Chronic Obstructive Pulmonary Disease (COPD) is characterized by persistent respiratory symptoms and airflow
COPD limitation, which is progressive and not fully reversible. In patients with COPD, body mass index (BMI) is an
BMI important parameter associated with health outcomes, e.g. mortality and health-related quality of life. However,
Health care expenditures so far no study evaluated the association of BMI and health care expenditures across different COPD severity
gfz]e::; management program grades.We used claims data and documentation data of a Disease Management Program (DMP) from a statutory

health insurance fund (AOK Bayern). Patients were excluded if they had less than 4 observations in the 8 years
observational period. Generalized additive mixed models with smooth functions were used to evaluate the as-
sociation between BMI and health care expenditures, stratified by severity of COPD, indicated by GOLD grades
1-4.We included 30,682 patients with overall 188,725 observations. In GOLD grades 1-3 we found an u-shaped
relation of BMI and expenditures, where patients with a BMI of 30 or slightly above had the lowest and under-
weight and obese patients had the highest health care expenditures. Contrarily, in GOLD grade 4 we found an
almost linear decline of health care expenditures with increasing BMLIn terms of expenditures, the often reported
obesity paradox in patients with COPD was clearly reflected in GOLD grade 4, while in all other severity grades
underweight as well as severely obese patients caused the highest health care expenditures. Reduction of obesity
may thus reduce health care expenditures in GOLD grades 1-3.

1. Background with reduced mortality [13-19], higher health-related quality of life
[4,20-24] and fewer exacerbations [25-29]. This association was not

Chronic Obstructive Pulmonary Disease (COPD) is globally a major consistently observed in extremely obese (BMI > 35).
cause of chroni(f morl')idity and. mortalit?f (11 The public health chal- Furthermore, COPD is also associated with substantial expenditures.
lenge of COPD is projected to increase in coming decades because of In the European Union, the direct health care expenditures of COPD are

continued exposure to risk factors and aging of the population [2]. More about 3% (€38.6 billion) of the total health care budget [30]. Mean an-
than 50% of patients with COPD have at least one comorbidity render-

ing multi-morbidity an important management issue [3]. Obesity is a
common comorbidity of COPD, which contributes to patients respira-
tory symptoms and reduces exercise capacity [4-6]. The propensity of
obesity cause unfavourable outcomes in survival [7,8], health-related
quality of life [9,10], and health care expenditures [11,12] in the gen-
eral population. Paradoxically, cohort studies in patients with COPD
have found that compared to normal weight (18.5 < BMI < 25) - over-
weight (25 < BMI < 30) and obesity (30 < BMI < 35) are associated

nual health care expenditures per patient with COPD increase with dis-
ease severity, from €3809 in Global Initiative for Chronic Obstructive
Lung Disease (GOLD) grade 1 to €8309 in grade 4 [31]. In contrast the
BMI decreases constantly with increasing GOLD grades [31-33]. So far
there is only a limited amount of studies measuring the effect of BMI
on health care expenditures in patients with COPD [26,31-40]. This
previous evidence was, not stratified for GOLD grades. Neglecting the
opposing effects of health care expenditures and BMI in GOLD grades
may overlay the effects of BMI on health care expenditures. Therefore,
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the aim of this study was to estimate the impact of BMI on health care
expenditures in patients with COPD stratified by GOLD grades.

2. Methods
2.1. Data

The analysis was based on pseudonymized claims data routinely doc-
umented for participants of the structured German Disease Management
Program (DMP) for COPD, offered by AOK Bayern, covering the years
2009-2018. The AOK Bayern is a large regional health insurance fund,
which is the fourth biggest statutory health insurance in Germany with
4.5 Million insured persons reflecting a market share of more approxi-
mately 6% in Germany and 40% in Bavaria. The ethics committee of the
Ludwig-Maximilians-Universitdt Miinchen approved the study (vote-no.
17-358). Participants provided written informed consent at the time of
inclusion in the DMP.

2.2. Disease Management Programs

DMPs, through the implementation of evidence-based clinical prac-
tice, appears an intuitively appealing way to improve quality, and re-
duce health care expenditures in patients with chronic conditions
[41,42]. The enrollment in the DMP is conducted by physicians. Physi-
cians need to fulfill certain requirements (e.g. training sessions) to be en-
titled to conduct a DMP. In the DMP COPD physicians were only allowed
to enroll patients if the Tiffeneau-Index (forced expiratory pressure in
1 s (FEV,)/forced vital capacity (FVC)) was <70% post-bronchodilator
airway obstruction spirometry and.

a) the FEV; was <80% of the reference value or

b) an increase in FEV, by less than 15% and/or by less than 200 ml in
10 min after inhalation of a short-acting beta-2-sympathomimetic or
30 min after inhalation of a short-acting anticholinergic or

an increase in FEV; by less than 15% and/or by less than 200 ml af-
ter at least 14 days of systematic glucocorticosteroids or at least 28
days of inhaled glucocorticosteroids in a stable disease episode and
evidence of airway resistance elevation or pulmonary hyperinflation
or gas exchange disorder in patients with FEV,/FVC > 70% and a
radiographic examination of the thoracic organs that has ruled out
another symptom-explaining disease.

pe
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2.3. Study population

The statutory health insurance data include the years 2009-2018.
All individuals enrolled in the DMP COPD (AOK Curaplan) on Decem-
ber 31, 2016 were the basis for our analysis. The calculation of FEV,
percentage predicted [43] was based on FEV, measurements till De-
cember 31, 2018. The routinely FEV, measurements in the DMP COPD
are conducted pre-bronchodilator airway obstruction. The last FEV,
measurement of each patient was the end of the observation period.
Annual periods were defined backwards from the last FEV, measure-
ment. For each patient, annual periods were excluded if there were
any missing values or implausible measures in covariates, e.g. height
(< 90 cm), weight (< 20 kg), BMI (BMI < 10 or BMI > 50), FEV,
(FEV, < 0.21 or FEV, > 6.50), or FEV, percentage predicted (FEV, per-
centage predicted < 10% or FEV, percentage predicted > 150%). Ob-
servation years were also excluded if the persons were not insured the
complete year. Finally, only patients with at least four observation years
in the last 8 years were included in the present analysis. For the classi-
fication of GOLD grades, FEV; percentage predicted values were calcu-
lated based on reference values from the Global Lung Function Initiative
(grade 1: FEV, > 80%; grade 2: 50% < FEV, < 80%; grade 3: 30% <
FEV, < 50%; grade 4: FEV, < 30%) [43].
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2.4. Hedlth care expenditures

Overall health care expenditures from the perspective of a statu-
tory health insurance fund (third party payer) included inpatient- and
outpatient services, medication, rehabilitation, aids and remedies, and
travel expenses. Health care expenditures for inpatient services were
based on Diagnoses Related Groups. Billing of outpatient services were
based on EBM, family doctor-centered health care, and integrated care.
Lump-sum payments for physicians were considered in the period they
were paid, even when they partially covered the period before or af-
ter. Medication expenditures were based on pharmacy sales prices (in-
cluding discount agreements). Rehabilitation were based on rehabilita-
tion invoices. If the ability to work is to be restored by the rehabilita-
tion, the pension insurance is usually the funding agency, these cases are
not included in our analysis. Aids and remedies were based on invoices
of health care supply stores, and travel expenses were based on public
transport tickets, invoices of taxis and a fixed fee per kilometer (by us-
age of private car). All health care expenditures were inflated to the year
2018, using the inflation rate as reported for Germany by the Organisa-
tion for Economic Co-operation and Development.

2.5. Covariates and comorbidities

Patients' characteristics, socio-economic variables, and comorbidities
were assessed based on claims data and DMP documentation forms.
Characteristics were patients' age group (<55; 55-64; 65-74; >74),
sex, smoking status (smoker or non-smoker), body mass index
(BMI = kg/mz), FEV; percentage predicted [43], DMP interruption,
and the year of observation (0 to —7). The socio-economic variable an-
nual income was based on annual gross pay, retirement income, and
pensions. For comorbidities we used the Charlson comorbidity index
[44] including COPD. Additionally, pulmonary emphysema (Interna-
tional Statistical Classification of Disease and Related Health Problems
(ICD-10): J43 and J684) were considered [45,46]. For each comorbid-
ity a minimum of one inpatient or two secured outpatient diagnoses
in different quarters were required. These requirements were derived
from the German morbidity-based risk adjustment scheme [47]. Fur-
ther we included the accumulated number of defined daily doses (DDDs)
for corticosteroids as they tend to increase the BMI [48]. The accumu-
lated number of DDDs were calculated by multiplying the number of
corticosteroid prescriptions (the anatomical therapeutic chemical (ATC)
classification system code (H02) with the DDDs per prescription. DDDs
were supplied by the scientific institute of the AOK (‘WIdO’) based on
a German adaption of the WHO database. The proportion of days cov-
ered (PDC) rates, provided as additional information in the descriptive
statistics (Table 1), for LABA (ATC: RO3AC12, RO3AC13, RO3AC18,
RO3AC19), LABA + ICS (ATC: RO3AK06, RO3AK07, RO3AKO0S,
RO3AK10, RO3AL11), ICS (ATC: RO3BAO1, RO3BA02, RO3BA04,
RO3BA05, RO3BA08), LAMA (R03BB04, RO3BB05, RO3BB06, RO3BB07),
short acting bronchodilators (ATC: RO3AC02, R0O3AC03, RO3ACO04,
RO3ACO06, RO3BB01, RO3AK03, RO3AK04), long acting bronchodilators
(ATC: RO3AC12, RO3AC13, RO3AC16, RO3AC18, RO3BB04, RO3AK06,
RO3AKO07) and oral bronchodilators (ATC: RO3CC02, RO3CC03, RO3C-
C04, RO3CCO5, RO3CCO8, RO3CCO9, RO3CC12, RO3CCI1, RO3DA0O4,
RO3DAO05) are based on the total number of DDDs per prescription, di-
vided by the number of days under observation. In case of hospitaliza-
tions, it was assumed that drugs were supplied by the hospital and thus
the number of days that needed to be covered was reduced by the length
of hospital stays.
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Table 1

Characteristics of study population.
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GOLD grade 1 GOLD grade 2 GOLD grade 3 GOLD grade 4 p-value

No. of 58,067 88,807 35,178 6,673 (3.54%)

observations (30.77%) (47.06%) (18.64%)

Age (years) 68.28 67.90 67.69 64.86 <0.0001
[68.18-68.37] [67.83-67.97] [67.59-67.79] [64.65-65.08]

Age > 74 years 19,518 27,033 9228 1037 <0.0001
(33.61%) (30.44%) (26.23%) (15.54%)

Age 65-74 18,251 29,213 12,701 2342

years (31.43%) (32.89%) (36.10%) (35.10%)

Age 55-64 12,997 22,223 10,117 2464

years (22.38%) (25.02%) (28.76%) (36.92%)

Age <55 7301 10,338 3132 (8.90%) 830 (12.44%)
(12.57%) (11.64%)

Female 30,470 40,141 13,024 2128 <0.0001
(52.47%) (45.20%) (37.02%) (31.89%)

Income < 15,645 23,628 8706 1671 <0.0001

€5.000 (26.94%) (26.61%) (24.75%) (25.04%)

Income€5,000 19,002 29,554 12,827 2564

< €10,000 (32.72%) (33.28%) (36.46%) (38.42%)

Income €10,000 9773 15,349 6140 1073

<¢€15,000 (16.83%) (17.28%) (17.45%) (16.08%)

Income €15,000 4127 (7.11%) 5956 (6.71%) 2273 (6.46%) 383 (5.74%)

< €20,000

Income €20,000 4411 (7.60%) 6573 (7.40%) 2425 (6.89%) 467 (7.00%)

< €30,000

income €30,000 4427 (7.62%) 6819 (7.68%) 2494 (7.09%) 435 (6.52%)

< €50,000

income > 682 (1.17%) 928 (1.04%) 313 (0.89%) 80 (1.20%)

€50.000

Smokers 15,470 31,034 13,636 2579 <0.0001
(26.65%) (34.96%) (38.78%) (38.68%)

FEV; 96.33 65.30 41.49 24.70 <0.0001

percentage [96.22-96.44] [65.24-65.35] [41.43-41.55] [24.60-24.80]

predicted

Pulmonary 3410 (5.87%) 9678 (10.90%) 8115 2398 <0.0001

emphysema (23.07%) (35.94%)

Cortisone DDD 15.29 22.72 43.84 77.41 <0.0001
[14.80-15.78] [22.22-23.21] [42.72-44.97] [73.87-80.94]

Charlson index 3.26 3.37 3.29 3.06 <0.0001
[3.24-3.28] [3.35-3.38] [3.26-3.32] [3.00-3.12]

DMP 6209 10,479 3981 753 (11.28%) <0.0001

interruption (10.69%) (11.80%) (11.32%)

BMI (kg/m 2) 29.21 29.13 27.81 26.17 <0.0001
[29.17-29.26] [29.10-29.26] [27.76-27.87] [26.04-26.30]

Normal weight 11,863 19,935 10,668 2698 <0.0001

(18.5 < BMI < (20.43%) (22.45%) (30.33%) (40.43%)

25)

Overweight (25 22,636 33,019 12,652 2124

< BMI < 30) (38.98%) (37.18%) (35.97%) (31.83%)

Obese (BMI > 22,236 34,954 10,958 1484

30) (40.02%) (39.36%) (31.15%) (22.24%)

Underweight 332 (0.57%) 899 (1.01%) 900 (2.56%) 367 (5.50%)

(BMI < 18.5)

Total health €3430 €3931 €5008 €7544 <0.0001

care [€3378-€3482]  [€3884-€3978] [€4904-€5112]  [€7221-€7867]

expenditures

LABA 4275 (7.36%) 9982 (11.24%) 5298 1025 <0.0001

(15.06%) (15.36%)

LABA PDC-rate 3.15 5.07 7.63 9.20 <0.0001
[3.03-3.26] [4.95-5.19] [7.40-7.87] [8.58-9.82]

LABA + ICS 5169 (8.90%) 9788 (11.02%) 5112 1161 <0.0001

(14.53%) (17.40%)
LABA + ICS 4.44 5.97 8.62 11.34 <0.0001
PDC-rate [4.30-4.58] [5.84-6.11] [8.37-8.88] [10.66-12.02]




F. Kirsch et al.

Respiratory Medicine xxx (XxxX) XXX-Xxx

GOLD grade 1 GOLD grade 2 GOLD grade 3 ~ GOLD grade 4  p-value

ICS 6983 11,505 6180 1469 <0.0001
(12.03%) (12.96%) (17.57%) (22.01%)

ICS PDC-rate 4.60 5.69 8.80 12.66 <0.0001
[4.47-4.74] [5.57-5.81] [8.55-9.05] [11.97-13.35]

LAMA 9415 25,203 15,779 3638 <0.0001
(16.21%) (28.38%) (44.85%) (54.52%)

LAMA PDC-rate 9.96 17.69 30.23 39.81 <0.0001
[9.75-10.18] [17.48-17.91] [29.81-30.65] [38.77-40.84]

Short acting 14,770 32,777 19,410 4538 <0.0001

bronchodilators (25.44%) (36.91%) (55.18%) (68.01%)

Short acting 6.83 11.64 24.11 38.90 <0.0001

bronchodilators [6.68-6.99] [11.48-141.80] [23.75-24.47] [37.91-39.88]

PDC-rate

Long acting 16,535 37,526 20,419 4451 <0.0001

bronchodilators (28.48%) (42.26%) (58.04%) (66.70%)

Long acting 16.51 26.54 41.47 52.62 <0.0001

bronchodilators [16.25-16.77] [26.29-26.79] [41.02-41.93] [51.54-53.70]

PDC-rate

Oral 3114 (5.36%) 6284 (7.08%) 4356 1181 <0.0001

bronchodilators (12.38%) (17.70%)

Oral 3.13 4.21 7.84 11.74 <0.0001

bronchodilators [3.01-3.26] [4.09-4.33] [7.58-8.10] [11.03-12.46]

PDC-rate

Percentage = (); Standard deviation = [].

2.6. Statistical analysis

Characteristics of patients with COPD in GOLD grades 1-4 were
compared using analysis of variance (ANOVA) for continuous variables
and Chi?-tests for categorical variables. Unadjusted health care expen-
ditures, including all time periods, were compared by non-parametric
Kruskal-Wallis tests.

Stratified by GOLD grades 1-4, we estimated the effect of BMIL, on
health care expenditures and each cost category with a generalized ad-
ditive mixed model (GAMM) with a smoothing function of BMI. As a
sensitivity analysis we also conducted a not stratified analysis of the ef-
fect of BMI on health care expenditures. A GAMM is a generalized linear
mixed model in which the linear predictor depends linearly on unknown
smooth functions of the covariates of interest. For the smooth function,
penalized regression spline type smoothers of moderate rank are used.
For estimation purposes, the generalized component of each smooth is
treated as a random effect term, while the unpenalized component is
treated as fixed [49,50].

The models included age group, sex, income, smoking status, FEV;
percentage predicted, pulmonary emphysema, corticosteroid DDDs,
Charlson index, DMP interruption and year of observation, besides the
spline for BMI, as covariates.

The GAMM was estimated using the statistical software R (version
3.5.1) and applying the gamm4 package [49].

3. Results
3.1. Study population

The selection of the study population is described in Fig. 1. The data
set consisted of 50,801 patients who were enrolled in the DMP COPD.
After applying the exclusion criteria, a study population of 30,682 pa-
tients with a total of 188,725 observations remained.

Table 1 gives the characteristics of the observational years of the
study population by GOLD grades — 77.83% of 188,725 patient obser-
vation years were in grade 1 and 2. Direct comparison of the GOLD
grades shows that the mean age ranged from 64.9 years in grade 4-68.3
years in grade 1. The percentage of women declined over GOLD grades
from 52.5% in grade 1-31.9% in grade 4. More patients in

higher disease grades were in lower income groups. The percentage of
current smokers was higher in more severe grades. The Charlson comor-
bidity index was highest in GOLD grade 2 with 3.37, followed by grade 3
with 3.29, grade 1 with 3.26, and grade 4 with 3.06. For pulmonary em-
physema the prevalence increased steadily from 5.9% in grade 1-35.9%
in grade 4. Similarly, mean DDDs of corticosteroids increased from 15.3
in grade 1 to 77.4 in grade 4. The percentage of DMP interruptions was
lowest in grade 1 with 10.7% and highest in grade two with 11.8%.
There is also a decline in BMI from 29.2 in grade 1 to 26.2 in grade 4.
The total unadjusted health care expenditures increased from €3430 in
grade 1 to €7544 in grade 4.

3.2. Health care expenditures

The results of the GAMM on health care expenditures, stratified by
GOLD grade, are presented in Table 2 and Fig. 2. Considered the ef-
fect of BMI in the different GOLD grades on health care expenditures pa-
tients with a BMI around 30 or slightly above had the lowest health care
expenditures in grade 1-3, while the health care expenditures steadily
decreased with increasing BMI in grade 4. The direction of the estimates
and significance levels of the covariates were quite similar in the mod-
els for the four different GOLD grades. Our data indicates that increas-
ing age reduced total health care expenditures, and females incurred
higher health care expenditures than males, this is statistically signif-
icant in GOLD grade 2-4. Even if it was mostly not statistically sig-
nificant, it appeared that there was an inverse U-shaped relationship
between income and health care expenditures. Smokers caused lower
health care expenditures than non-smokers, and a higher FEV; percent-
age predicted, within a GOLD grade, decreased health care expenditures,
both effects were statistically significant in grade 2 and 3. The pres-
ence of pulmonary emphysema, a higher Charlson index, and a higher
DDD for corticosteroids increased health care expenditures statistically
significant in every GOLD grade. A DMP interruption increased health
care expenditures in all GOLD grades, but statistically significant only
in grade 1-3. No clear trend of the influence of year of observation on
health care expenditures was found, generally health care expenditures
increased over time, but this was statistically significant only for GOLD
grade 1, 3, and 4.
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Patients in DMP COPD
n=50,801

Patients with at least one FEV,
measurements until December 31, 2018
n=48,349; obs.=483,490

Patients with reasonable BMI values
n=48,255; obs.=334,472

y

Patients with reasonable FEV; values
n=48,064 obs. =263,167

L

Patients without insurance gaps
n=47,844; obs.=251,755

b

Patients/observations in the last 8 years
n=47,835; obs.=239,402

Study population
n=30,682; obs.=188,725

/

|

[ [ ]/
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No FEV; measurements until December
31, 2018
n=2452

Height (< 90cm), weight (< 20 kg), BMI
(10 < BMI < 50) or missing
n=94; obs.=149,018

0.2 < FEV, in liters < 6.5 or
10 < FEV, percentage predicted < 150 or
missing
n=191; obs.=71,305

Patients not insured the complete year
of observation
n=220; obs.=11,412

Patients/observations more than 8
years ago
n=9; obs.=12,353

Patients with less than 4 complete
observations
n=17,153; obs.=50,677

Fig. 1. Patient/observation selection.

For outpatient expenditures (appendix table 1 and Fig. 1), in GOLD
grade 1 there was no effect of BMI on expenditures, in grade 2 expendi-
tures slowly decreased with increasing BMI, while in grade 3 a marginal
increase and in grade 4 a doubling of expenditures with increased BMI
were observed.

For medication expenditures (appendix table 2 and Fig. 2) the
shape of the curves was somehow similar to the total health care expen-
ditures. The expenditures for medication were lowest at a BMI between
25 and 30 in GOLD grade 1, 2 and 3 and a declined with increasing BMI
in grade 4.

The absolute level of inpatient expenditures increased with increas-
ing GOLD grade (appendix table 3 and Fig. 3). While for grade 1 the
minimum expenditures were at a BMI around 30 to 35, in grade 2-4 the
hospital expenditures almost linearly declined with increasing BMIL.

The level of expenditures for rehabilitation (appendix table 4 and
Fig. 4) was higher in GOLD grade 1 and 2 than in grade 3 and 4. In
grade 1 and 2 there seemed to be almost no effect of BMI on expendi-
tures, besides a marginal increase with increasing BMI from 30 on. In
grade 3 and 4 there was a linear decrease of expenditures with increas-
ing BMI which is steeper in grade 4.

The level of expenditures for remedy and aids (appendix table 5
and Fig. 5) increased with increasing disease severity. In GOLD grade

1-3 the minimum expenditures were approximately at a BMI of 25, the
expenditures were twice as high at a BMI of 50. In contrast to grade 4
were the expenditures linearly increased with an increasing BMI.

The level of travel expenditures (appendix table 6 and Fig. 6) was
on a similar but lower level in GOLD grade 1-3 compared to grade 4.
The expenditures were almost linearly decreasing with increasing BMI
in every grade.

The same analysis we did for total health care expenditures and
every single cost category could stratified for sex and age in an online
appendix (Table Al to A7 and figure Al to A7 stratified for sex and
Table B1 to B7 and figure B1 to B7 stratified for age groups).

4. Discussion
4.1. Main results

This study investigated the effect of BMI on overall health care ex-
penditures in patients enrolled in a structured German DMP for COPD
in different GOLD severity grades using real world data. In GOLD grade
1-3 patients with a BMI around 30 and slightly above had the lowest
health care expenditures, in grade 4, however, we found an almost lin-
ear decline of health care expenditures with increasing BMI.



Table 2

Effect of BMI on total health care expenditures.

GOLD grade 1 GOLD grade 2 GOLD grade 3 GOLD grade 4
p s.e. P-value p s.e. P-value B s.e. P-value B s.e. P-value
(Intercept) 790.47 239.17 <0.0001 1617.76 242.96 <0.0001 3738.65 496.16 <0.0001 2267.94 1246.24 0.0688
BMI (smooth) See Fig. 1 0.0014 See Fig. 1 <0.0001 See Fig. 1 <0.0001 See Fig. 1 0.0509
Age 55 < 65 -51.11 107.21 0.6336 -118.50 99.30 0.2327 —368.89 221.79 0.0963 —460.86 567.34 0.4167
65 <75 -38.28 116.66 0.7427 -181.21 109.85 0.0990 —470.69 244.45 0.0542 —1242.45 633.43 0.0499
>75 28.17 124.97 0.8217 —381.79 120.05 0.0015 —1246.90 270.33 <0.0001 —2752.49 749.66 0.0002
Sex male -119.65 72.50 0.0989 —182.68 70.65 0.0097 —328.61 156.09 0.0353 -1236.43 434.97 0.0045
Income €5,000 < €10,000 —-78.10 82.27 0.3425 122.27 76.33 0.1092 —234.40 160.68 0.1446 203.29 462.84 0.6605
€10,000 <€15,000 33.78 95.61 0.7238 99.50 88.46 0.2607 245.90 188.60 0.1923 807.04 551.78 0.1436
€15,000 < €20,000 27.86 121.52 0.8186 81.98 112.72 0.4670 261.95 242.76 0.2806 -284.15 735.28 0.6992
€20,000 < €30,000 —396.59 123.10 0.0013 -109.63 113.16 0.3326 —403.96 244.29 0.0982 ~787.32 715.30 0.2711
€30,000 < €50,000 —544.70 135.74 <0.0001 —488.54 124.50 <0.0001 —462.28 263.49 0.0794 -228.37 761.74 0.7643
> €50.000 —621.76 280.01 0.0264 -164.84 269.96 0.5415 -236.82 600.77 0.6934 389.91 1579.94 0.8051
Smoker yes -99.23 78.25 0.2048 —199.68 68.42 0.0035 —334.62 137.20 0.0147 —655.74 378.46 0.0832
FEV; percentage predicted 3.40 2.01 0.0908 —12.63 2.95 <0.0001 -41.33 9.24 <0.0001 25.64 38.21 0.5023
Pulmonary emphysema yes 1086.32 130.89 <0.0001 838.12 92.90 <0.0001 1202.02 148.12 <0.0001 1807.26 376.63 <0.0001
Cortico-steroid DDD yes 12.60 0.46 <0.0001 9.97 0.34 <0.0001 10.87 0.51 <0.0001 15.20 1.14 <0.0001
Charlson index yes 736.30 13.04 <0.0001 928.88 11.99 <0.0001 1147.67 25.40 <0.0001 1501.69 77.68 <0.0001
DMP interruption yes 454.18 81.60 <0.0001 533.06 69.91 <0.0001 384.42 148.54 0.0097 837.03 467.36 0.0733
Year of observation -1 —139.61 94.56 0.1399 -117.14 81.08 0.1485 -713.98 162.44 <0.0001 -74.87 471.64 0.8739
-2 —242.53 94.85 0.0106 4.87 81.11 0.9521 —669.91 165.31 <0.0001 108.77 495.37 0.8262
-3 —196.05 95.32 0.0397 9.48 82.14 0.9081 —633.96 168.85 0.0002 126.40 525.21 0.8098
-4 —195.61 98.08 0.0461 51.57 84.82 0.5432 —590.25 177.38 0.0009 -195.91 546.58 0.7201
-5 —-35.92 102.08 0.7251 109.36 88.31 0.2156 -518.11 187.14 0.0056 -313.00 595.89 0.5994
—6 -37.89 107.34 0.7242 160.24 93.13 0.0854 —505.02 199.47 0.0114 —1324.58 643.84 0.0397
=7 113.64 114.31 0.3201 272.27 100.84 0.0069 —519.64 219.37 0.0179 -1138.02 720.45 0.1143

R-sq. (adj) = 0.0910, n = 58,067

R-sq. (adj) = 0.1000, n = 88,807

R-sq. (adj) = 0.0858, n = 35,178

R-sq. (adj) = 0.0954, n = 6,673

Bold = P-value < 0.05.

Year before last FEV1 measurement = Year 0, the year before Year 0 = Year 1 and so on.
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Fig. 2. Effect of BMI on health care expenditures.

4.2. Comparison of findings with literature

There is a quite limited body of literature which includes the BMI
as a covariate in the statistical models, estimating the determinants of
expenditures in patients with COPD. To the author's best knowledge so

far, no study was published measuring the association between the BMI
and total health care expenditures and each single expenditure category,
stratified by GOLD grades.

We identified 11 studies [26,31-40], which estimated the effect of
BMI on health care expenditures. The most important study character-
istics such as author, country, study design, statistical methods, popula-



F. Kirsch et al.

tion, data basis, included covariates, and effect of BMI on health care
expenditures are summarized in appendix table 8. All studies were pub-
lished between 2006 [40] and 2019 [31,32]. The studies were con-
ducted in Germany [31-34], USA [35,37,38], South Korea [26,36],
Israel [39], and Northern Ireland [40]. All studies used a cross-sec-
tional design and one study [32] additionally conducted a longitudi-
nal analysis. The used statistical models were generalized linear regres-
sion models [22,31,32,34,35,38], multivariate linear regression mod-
els [26,37,40], a multivariate logistic regression model [39], a sim-
ple linear regression model [36], and a change score model [32]. The
considered population ranged from 49 [40] to 39,307 [31] patients,
which included two times [26,36] GOLD grade 1-2, and nine times
[22,31,32,34,35,37-40] grade 1-4 patients. The basis of data were
claims data [26,31,36,37,39], self-reported data [32-34,40] and a
combination of both [35,38]. All studies estimated the influence on di-
rect health care expenditures and three studies [31,33,34] addition-
ally the influence on indirect health care expenditures. In the statistical
analysis a wide variety of covariates was included, only one study [26]
did not further adjust for covariates. In sum, the effect of BMI on health
care expenditures was not conclusive.

When BMI was included as categorical variable in the models, the
results pointed in both directions. Some studies found that overweight
[26,31,38] and obesity [26,38] reduced direct health care expendi-
tures. Other studies reported that overweight [34,35] and obesity [33]
caused higher direct health care expenditures. For indirect health care
expenditures only one study [31] reported a significant effect of BMI,
that obesity increased health care expenditures.Whereas, when the BMI
was included in the models as continuous variable, an increasing BMI re-
duced direct health care expenditures [36,37]. For indirect health care
expenditures no statement can be made, as no model was conducted
with BMI as a continuous variable.

Several studies reported no statistically significant effect of BMI on
health care expenditures [32,39,40].

One advantage of our study, lacking in the previous literature, is the
stratified analysis by GOLD grades. On the other hand the stratification
limits the comparability of our results to the literature. As we included
BMI as a continuous spline, a comparison with the studies including BMI
only as categorical variable is even more restricted. Our non-stratified
sensitivity analysis showed that the minimum health care expenditures
were at a BMI around 35 (appendix Fig. 7). This is only slightly above
the minimum of our stratified analysis for GOLD grade 1-3, which might
be a result of the decreasing health care expenditures in grade 4 with
increasing BMI. All in all, this fits quite well with the results of the stud-
ies that included BMI as continuous variables, as they report an increas-
ing BMI reduced health care expenditures. To our knowledge we are the
first to reveal that, in grade 4 the health care expenditures not start to
increase again after a certain BMI threshold was met.

When considering the curves how the BMI affected total health care
expenditures and each single cost category GOLD stage 1-3 had mostly
a common shape, while grade 4 deviated most. This observation sug-
gests that a weight reduction in extremely obese is meaningful in GOLD
grades 1-3, but does not reduce health care expenditures in grade 4.
Further the results of our statistical analysis were as expected. Interest-
ingly, interruption of DMP enrollment increased health care expenditure
(statistically significant in GOLD grade 1-3). This indicates potential for
better managing DMP patients while the causes of discontinuity remain
to be investigated in further studies.

Furthermore, considering each single included category of health
care expenditures for potential savings through BMI management, fol-
lowing was found:

In outpatient expenditures a reduction of BMI in GOLD grade 1 and
2 had no potential for savings in expenditures, whereas weight reduc-
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tion in a normal BMI range could reduce expenditures up to 20% in
grade 3 and up to 50% in grade 4.

In medication expenditures in GOLD grade 1-3 a reduction of health
care expenditures could be achieved by a reduction of the BMI in a nor-
mal range. This is up to 25% in grade 1 and 2 and up to 15% in grade 3,
whereas in grade 4 no potential for reduction of expenditures was found.

Inpatient expenditures seems to be a category, were a BMI manage-
ment, meaning a reduction of the BMI to a normal range, had no poten-
tial reduction in expenditures in any GOLD grade.

BMI management reduces expenditures for rehabilitation in GOLD
grade 1 and 2 up to approximately 10%, however health care expendi-
tures could not be reduced in grade 3 and 4 by a reduction of BMI.

For remedy and aid the saving potential in expenditures by an ad-
equate BMI management showed to highest percentage in all GOLD
grades. In grade 1 and 2 savings over 50%, in grade 4 almost 85%, and
in grade 4 30% were possible by an adequate BMI management.

Similarly to inpatient expenditures travel expenditures showed no
potential for a reduction in expenditures by BMI management.

This results of the expenditure categories, are mainly comprehensi-
ble, but sometimes contradictory. Logically the health care expenditures
for medication and remedy and aid increase with a higher BMI as the
propensity of comorbidities increase with a higher BMI which increases
the number of necessary medications and remedy and aids. Also under-
standable are the lower expenditures for traveling, as a higher BMI nor-
mally reduces mobility, this should also reduce expenditures in outpa-
tient care and should shift expenditures to inpatient care, as physician
contacts caused by reduced mobility were avoided until it is too late.
But in our analysis we did not found reduced expenditures with higher
BMI in outpatient care or higher expenditures with higher BMI in inpa-
tient care. Similarly with the same argument, of reduced mobility, we
also would have expected lower expenditures for rehabilitation, with in-
creased BMI, but this was only found in grade 3 and 4, whereas the ex-
penditures are almost constant in grade 1 and 2 with increasing BMI.

4.3. Limitations and strengths of this study

Our analysis is also subject to several limitations. The results are
based on claims data of just one large regional statutory health insur-
ance fund. Therefore, the transferability of the findings might be lim-
ited. We compared as far as possible the descriptive statistics of our
study population with two further studies [51,52] analyzing COPD data
with data from statutory health insurances. Schwarzkopf et al. [51]
used a research data base of Arvato health analytics GmbH - which in-
cludes claims data of seven German statutory health insurance funds,
which should be representative for whole Germany, as confirmed by
various tests concerning age, gender, morbidity and mortality. The study
compared patients with COPD without (chronic ischemic heart dis-
ease) ITHD with Persons with COPD and IHD. Patients with COPD with-
out IHD were 65.2 years and with IHD 74.0 years old. 57.4% with-
out IHD were female compared to 47.5% with additional IHD. The
prevalence of pulmonary emphysema was for COPD patients without
IHD and with IHD 8.5% and 9.9% respectively. Achelrod et al. [52]
used data of the Barmer GEK, a nationwide operating sickness fund
that covers more than 10% of the German population. They compared
COPD patients enrolled and not-enrolled in the DMP COPD. The mean
age of the patients enrolled was 67.4 years and the patients not-en-
rolled 65.7 years. The percentage of female was 55.5% in the DMP and
61.5% in the non-DMP group. The mean age of our population was
67.9 years, where 45.4% percent were female and 12.5% of patients
had pulmonary emphysema. According to age, our population was the
oldest with the lowest proportion of females in all three studies and
with a higher prevalence of emphysema than Schwarzkopf et al. [51].
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These differences are small but not neglectable, these differences and
their tendency (older and more comorbid patients in our dataset) might
be explained by the still existing historical structural differences in risk
structure of statutory health insurance funds. Besides that, claims data
are collected for administrative and billing processes rather than for re-
search purposes.

Furthermore, the population consists of patients enrolled in the DMP
COPD which is voluntary. Therefore, self-selection effects cannot be
ruled out. For example, persons who are more health-conscious or more
active overall are more likely to decide to enroll in a DMP. Moreover,
physicians might enroll patients with specific characteristics, e.g. more
adherent patients, more likely [53]. Therefore, our population might be
prone to an underestimation of health care provision and expenditures,
but this is unlikely to affect the effect of BMI on it. On the other hand,
we used for our analysis a completely unselected cohort of DMP COPD
patients, as the only exclusion criteria was missing or unreasonable val-
ues in covariates.

The prevalence of comorbidities in patients with COPD in claims
data [31] seems to be higher than in cohort studies [33], as there are
financial incentives for hospitals for up-coding. We best possibly miti-
gated this potential source of bias by using proven methods to estimate
the prevalence of comorbidities [47], but still it might lead to an under-
estimation of the effect of comorbidities on health care expenditures.

We only had expenditure data for rehabilitation if the statutory
health insurance was the third party payer, which only includes about
70% of all rehabilitation cases, which means that the effect of BMI on
rehabilitation might be biased in both directions.

According to our dataset we only were able to include BMI as a mea-
surement for obesity, which does not indicate body composition or body
fat percentage [54] which had shown to be a better predictor e.g. for
mortality [55].

Despite these limitations, we are strongly convinced of our claims
data-based approach. We analyzed a large unselected data set, with over
30,000 patients with almost 200,000 observational years, which allowed
us a stratification for GOLD grades while remaining with a sound sam-
ple size for the single strata.

Furthermore, clinical measures from DMP documentation forms
were used which include measures such as FEV;, weight and height.
This allows a sound FEV, percentage prediction and BMI calculation.

The biggest strength, besides the unselected patient population, is
that our direct health care expenditure calculations are based on real ex-
penditures of a statutory health insurance but not on weighted average
health care expenditures that are used to monetize care in survey-based
cohort studies, which are prone to recall bias [56].

5. Conclusion

Our findings, which are the first measuring the effect on BMI on
health care expenditures stratified by GOLD grades, are based on a large
unselected real-world dataset of patients enrolled in a structured DMP
for COPD. The results demonstrate that BMI affects health care expen-
ditures differently in grade 1-3 than in grade 4. The minimum health
care expenditures are on the boundary between overweight and obese
patients in grade 1-3 while the health care expenditures decrease al-
most linear with increasing BMI in grade 4. These findings are robust for
a wide variety of control variables. Based on these findings, weight re-
duction to a certain level remains a promising strategy to reduce health
care expenditures in patients with COPD in Gold stage 1-3. In contrast,
weight reduction seems to have no positive impact on expenditures for
the most advanced, obese COPD patients. Eventual causes for the lat-
ter remain to be investigated in studies which, other than ours, also can
take mortality into account.
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