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Trends and regional distribution of outpatient claims for asthma,
2009-2016, Germany

Manas K Akmatov,? Jakob Holstiege,? Annika Steffen® & Jérg Batzing?

Objective To investigate asthma morbidity in Germany by calculating current prevalence, examining its temporal and spatial trends and
estimating the total number of asthmatics in Germany and calculating age-, sex- and residence-specific risk.

Methods We used claims data reported by physicians during 2009-2016, including outpatient diagnoses of all statutory health insured
individuals, comprising 85.3% (70416 019/82 521 653) of the total population in Germany in 2016. We performed a spatial analysis of asthma
prevalence according to administrative district by calculating Global and Local Moran's /. We assessed the risk of asthma by sex, age, type
of residence (rural versus urban) and federal state (East versus West) using a multilevel parametric survival regression.

Findings We estimated that 4.7 million individuals were affected by asthma in 2016, including 0.8 million children and 3.9 million adults.
We observed a slightly higher prevalence (with an increasing trend) among adults (5.85%; 3408 622/58 246 299) compared to children
(5.13%; 624899/12169720), and calculated an age-standardized prevalence of 5.76% (95% confidence interval, Cl: 5.76-5.77). We found
evidence of a strong spatial autocorrelation (Global Moran’s /: 0.50, P<0.0001), and identified local spatial clusters with higher levels of
prevalence. Living in the western (versus eastern) federal states and living in densely populated large urban municipalities (versus rural
area) were independently associated with an increased risk of asthma, with hazard ratios of 1.33 (95% Cl: 1.32—1.34) and 1.32 (95% Cl:
1.31-1.32), respectively.

Conclusion Our insights into the spatial distribution of asthma morbidity may inform public health interventions, including region-specific
prevention programmes and control.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Asthma is the most frequently diagnosed and chronic, non-
communicable, inflammatory disorder among children and
adults. According to the latest Global Asthma Report, nearly
340 million individuals worldwide have been diagnosed with
asthma;' it is estimated that an additional 100 million individu-
als will be affected by 2025.” The prevalence of asthma varies
substantially across the globe, and has been shown to vary
between countries by up to a factor of 21.° Prevalence tends
to be higher in developed countries, with the highest reported
prevalence of asthma in Australia (21%), Sweden (20%), the
United Kingdom of Great Britain and Northern Ireland (18%),
the Netherlands (15%) and Brazil (13%); the lowest prevalence
of asthma has been observed for Viet Nam (0.8%) and China
(0.2%).? Some studies, for example in Australia and the United
States of America,* United Kingdom® and Latin American
countries,’ have reported within-country variations. A higher
degree of urbanization, associated with a higher exposure to
risk factors (e.g. pollution or prenatal stress), has been linked
to an increased risk of asthma.”® Another factor increasing this
difference is the so-called hygiene hypothesis,” which describes
how growing up in a rural environment, with its associated
increase in exposure to microbial agents'’ and endotoxins,"!
can have a protective effect against allergic diseases includ-
ing asthma.

Prevalence estimates of 3-12% among children and 2-5%
among adults have been reported in Germany;'* however,
current estimates of asthma incidence are lacking. Regional
variations in Germany have only been examined for rough
geographical units and for specific age groups (e.g. children

or adults). For example, one study demonstrated differences
in asthma prevalence among children between East and West
Germany.” Another study involving only adult participants
investigated variations in asthma prevalence across the Ger-
man federal states.™*

An examination of regional variation in asthma morbidity
is of particular importance as geographical factors, and not
just factors related to individual patients, play a considerable
role in the pathogenesis of asthma.'” We therefore provide
estimates of asthma morbidity in Germany for the years 2009
to 2016, and examine differences in prevalence with time,
residence type (urban versus rural) and geographical location.
We also estimate the total number of individuals in Germany
currently affected by asthma, and calculate the sex-, age- and
residence-specific risk of asthma incidence.

Methods
Data and study population

We used nationwide ambulatory claims data reported by phy-
sicians approved to treat statutory health insured individuals
in Germany, acquired during 2009-2016. Privately insured
members of the population were not included in this study.
Claims data contain information on the sex, age and district
of residence of outpatients (Germany’s 16 federal states in-
cluded 402 administrative districts in 2011, 106 of which were
urban and 296 rural), as well as diagnoses of individuals who
consulted an authorized physician at least once in each year.
Diagnoses are coded according to the German modification
of the 10th edition of International Classification of Diseases
and Related Health Problems (ICD-10-GM, code J45)."
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Definition of asthma cases

We defined a prevalent case of asthma as
one diagnosed in at least two quarters of
the corresponding year.'*'® In addition,
we only included confirmed diagnoses
(i.e. those highlighted with the addition-
al diagnostic modifier “assured”). As a
sensitivity analysis we also estimated the
prevalence based on a single diagnosis
of asthma for comparison. An incident
case of asthma was defined if it was di-
agnosed for the first time between 2011
and 2016. Individuals diagnosed with
asthma for the first time in 2009 and
2010 were excluded from this analysis.

Statistical analysis

We calculated the sex- and age-specific
prevalence of asthma by dividing the
number of asthma diagnoses per sex/
age category by the total number of indi-
viduals with statutory health insurance
in that category, for each separate year
from 2009 to 2016. We also calculated
the age-standardized prevalence, using
the direct standardization method, and
95% confidence intervals (CI), although
we note that ClIs are not particularly
informative because of the very large
sample size (> 70 million). As a standard
population, we used the German popu-
lation from the year 2015."” Using the
sex- and age-specific prevalence calcu-
lations along with sex- and age-specific
population distribution, we estimated
the total number of individuals affected
by asthma in Germany in 2016.

We performed a spatial analysis of
crude asthma prevalence according to
administrative district by calculating
Global and Local Moran’s 1.*° Districts
were divided into four types of areas:
(i) rural areas with low population den-
sity, that is, a population density lower
than 100 inhabitants per km?; (ii) rural
areas with population concentrations,
that is a population density less than 150
inhabitants per km?; (iii) urban districts,
that is a population density over 150
inhabitants per km? and (iv) large ur-
ban municipalities, that is a population
above 100000 inhabitants.”’ We used
semi-parametric group-based model-
ling of age-standardized prevalence to
identify administrative districts with
similar trends in prevalence over the
study period (2009-2016), that is, lon-
gitudinal clusters or trajectories.”

Finally, we performed a Kaplan-
Meier analysis to estimate the overall
summed incidence of asthma as well

Bull World Health Organ 2020;98:40-51

as by sex, age (children versus adults),
type of residence and federal state. We
then used a parametric mixed-effect
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survival model with individuals (level 1)
nested within the 402 districts (level 2)
to examine the risk of the incidence of

Table 1.

Demographic characteristics of the study population compared with the

general population in asthma morbidity study, Germany, 2016

Characteristic

Study population General population®

(n=70416019) (n=82521653)
Sex
Male 32084893 (45.56) 40697118 (49.32)
Female 38331126 (54.44) 41824535 (50.68)
Age, years
0-4 3448313 (4.90) 3756446 (4.55)
5-9 3047833 (4.33) 3613927 (4.38)
10-14 2959581 (4.20) 3678195 (4.46)
15-19 3468684 (4.93) 4172869 (5.06)
20-24 3863057 (5.49) 4574031 (5.54)
25-29 4625031 (6.57) 5366756 (6.50)
30-34 4455886 (6.33) 5221075 (6.33)
35-39 4241230 (6.02) 5058038 (6.13)
40-44 3901754 (5.54) 4821986 (5.84)
45-49 5034735 (7.15) 6259912 (7.59)
50-54 5741805 (8.15) 6984307 (8.46)
55-59 5174370 (7.35) 6223126 (7.54)
60-64 4396917 (6.24) 5281280 (6.40)
65-69 3846002 (5.46) 4563301 (5.53)
70-74 173507 (4.51) 3654937 (4.43)
>75 9037314 (12.83) 9291467 (11.26)
Type of residence®
Rural areas with low population density 10219972 (14.51) 11857274 (14.37)
Rural areas with population 12297829 (17.46) 14028047 (17.00)
concentrations
Urban districts 27732448 (39.38) 32400372 (39.26)
Large urban municipalities 20165770 (28.64) 24235960 (29.37)
Federal state
Baden-Wirttemberg 8944264 (12.70) 10951893 (13.27)
Bavaria 10742300 (15.26) 12930751 (15.67)
Berlin 3005218 (4.27) 3574830 (4.33)
Brandenburg 6 (3.08) 2494648 (3.02)
Bremen 597995 (0.85) 678753 (0.82)
Hamburg 1552606 (2.20) 810438 (2.19)
Hesse 5264256 (7.48) 6213088 (7.53)
Mecklenburg—Western Pomerania 1438593 (2.04) 610674 (1.95)
Lower Saxony 6884645 (9.78) 7945685 (9.63)
North Rhine-Westphalia 15547745 (22.08) 17890100 (21.68)
Rhineland—Palatinate 3358821 (4.77) 4066053 (4.93)
Saarland 856620 (1.22) 996651 (1.21)
Saxony 3648621 (5.18) 4081783 (4.95)
Saxony—Anhalt 2020774 (2.87) 2236252 (2.71)
Schleswig—Holstein 2445762 (3.47) 2881926 (3.49)
Thuringia 1940683 (2.76) 2158128 (2.62)

¢ German population data for the year 2016 were obtained from the Federal Statistical Office.””
® Rural areas with a population density lower than 100 inhabitants per km? were categorized as low
population density, rural areas with a population density less than 150 inhabitants per km? were

categorized as rural areas with population concentrations, urban districts were defined as districts with a
population density over 150 inhabitants per km? and large urban municipalities had a population above

100000 inhabitants.”'

doi: http://dx.doi.org/10.2471/BLT.19.229773

a1



Manas K Akmatov et al.

Asthma morbidity, Germany

Research

SIURNCeYUI 000 00| 9A0qe uonejndod e pey sanijedidiunuu uegin abie| pue ,usy 1ad siuelgeyul 05| 4940 Aysusp uoneindod e yim SIOHISIP Se PAULSP 2J9M SIDHISIP UBGN ‘SUOIIRIIUSDUOD

uoiie|ndod yym seale [eini se paziioba1ed asam iy Jad siuengeyul 05| ueys ssa| Asusp uoneindod e yum seale jeins ‘Aisusp uoieindod moj se paziobaled alam Uiy 1ad syuelgeyul 00| Uey jamoj Aususp uoneindod e yim sease jeiny .

(€6'G) (€9°G) (8€°G) (81G) (80°9) (l6%) (L97) sanedpiunw
0££5910¢ /989961 | L/Y /8861 //660SL L SCCLYL6L/€0STLLL 001 19961 /¥7¢/ /50 L 96 LLE6L /LTS 666 988 SCC 6L /MG /L6 YL6SLL6L/8E60¥6 9 06€E 61 /€60 906 ueqin obseT]
(1£°9) (0¥'S) (€LG) (r6'v) ¥8) (L9%) (617%)
8Y €/ LT /€0T 85 | 618 LES LT /766 675 | 9CE LIS LT /65658 L T698CSLT/06E LIV L VELV/TLT/88COVE L ¥TLTLELT/B66TTE L (YT L6€ LT/06008C L SLELE6 LT /PLLEST L SIDUASIP URQIN
SUOIRAUDUOD
uonieindod
(15°6) 61°6) (681) (L) (65) (¢e) ©Ol) Yim seale
608 /6L /S€9 119 160 62T L /519 659 €05 62T Tl /8y ¥€9 897 9/T L /¥6€ 009 81898l L /€/L 54§ L0 ¥ CL /200795 988 ¥EC TL /690675 €€€ 075 ¢l /050 TS [einy
Ajisuap
uonieindod
(59°G) (€€G) (¢05) (€81) (£97) (6c7) 6l1) MO| YIIM
7L661T0L//669.S 8€6 %G1 0L /£59 655 99991 0L /7€6 L¥S TT9¥ETOL/1T6€LS SS0C8LOL/6/5 L6 9S/ /YT OL/¥EL 8y 695 G9C 0L /88l 0SY €8/ 615 0L /0CL Lt seale [einy
.22UdpIsal o adA}
(58G) (7¥'G) (SL'G) (€6) (8L) (€5Y) (€ED)
66¢ 9T 85 /(79 80Y € 950 0C8 /S /777 ¥9¢C € £0€ 00/ LS /61 6€L € L0€ 1L LS8 16T [9/ 08695 /S/1 608¢C 89 €689S/SSV0CLC L16€LL9S/L6LCLST 608 98S LS /€60 S61 C 8l <
(€1°) (€€9) (L1S) (¥0'S) ((4X9] oLs) (06%)
0¢L 691 ¢l /668 #7¢9 €9¢6L6 L1 /615 1€9 €6€ 056 L1 /6€L 5€9 GLE6L6 LL/CSS L9 0C¥/6 L1 /98¢ €09 692 9€1L C1/86£ 079  66966C CL /887 LC9  9¥C LOBCL /¥8C LI9 81-0
sieak ‘aby
(609) (69°9) (6€°5) (£1'S) (¢0S) L) (€SY)
9l LEE 8E /8CC 9L C L6¥ 951 8¢ /LEV €5C T 9/ 1€C8E /190 LLL C 6 /87 8€ /(€6 790 C 669 /808€/¢5C896 | 16/ 9L 8E/CESYI6 L SELL6CBE/E6S €C8 L Y61 66 8E /18 SIL L olelio4
(62°9) (60°G) (€81) (89) (€9) (Liry) (LEY)
€68 780 C€ /€6C L69 | T8 Y9 LE /98 ¢v9 | 9¢6 8Ly LE/L18 65 | €SCELY LE/L6Y 8LG | 04 /98 0€/60E vPy L 919€980¢/1¢L9¢y L 188 182 0€/2699/E L  19G 8F¥ LE /968 9S€ L oeN
X35
(6LO9LY 0L =U) (6L€66L69=U) (00 059 69 =u) (z8900L69=u) (696 /56 89 = U) (Lo 0£0 69 =u) (9L9€L069=U) (ss088€0L=u)
910 141114 €102 [4%14 LLoz 0Loz 6002
(9) uoneindod >ynads-dnoin /ewyise yym “ou dypads-dnoin dnoup

910Z-6007 ‘Aueww1an ‘aduapisal Jo 3d) pue abe ‘xas 03 buipioxe aruajerdsd ewyyse ul spuasy jelodwd) "7 3|qe|

Bull World Health Organ 2020;98:40-51 I doi: http://dx.doi.org/10.2471/BLT.19.229773

42



Manas K Akmatov et al.

asthma according to the abovemen-
tioned control variables, with 95% CI.
Since the assumption of proportional
hazards was violated by an interaction
between sex and age, that is, the sex-
specific prevalence is not independent
of age, and vice versa, we repeated the
survival analysis separately by sex to
exclude the interactive effects.

Results
Study population

The study population of individuals
with statutory health insurance with
at least one ambulatory health service
contact per year comprised 85.33%
(70416 019/82 521 653) of the total Ger-
man population in 2016 (Table 1). The
study sample consisted of 12169720
children (0-18 years) and 58246299
adults. There were only minor differ-
ences across population distributions by
age, type of residence and federal state;
however, the proportion of females was
higher in the study population than in
the general population.

Prevalence

Of the 70416019 study individuals,
5360867 (7.61%) had at least one
diagnosis of asthma. The number of
children and adults with at least one
diagnosis of asthma was 955 628 (7.85%)
and 4405239 (7.56%), respectively. Of
the study individuals, 4033521 had
prevalent asthma, classified accord-
ing to the applied case definition (i.e.
two diagnoses), corresponding to a
crude prevalence of 5.73%. The crude
prevalence among children was 5.13%
(624899/12169720) and for adults
5.85% (3408622/58246299; Table 2).
The age-standardized prevalence of

asthma was 5.76% (95% CI: 5.76-5.77)
in 2016 (Table 3).

We observed an interaction in terms
of sex and age that has already been
reported in the literature (Fig. 1).2***
Asthma prevalence was substantially
higher among boys, an association
which disappeared in young adulthood.
In middle adulthood this association
was observed to reverse and asthma
prevalence was higher among women,
reaching its peak in the age group 65-75
years. After decreasing in boys from the
age of 10-11 years until age 30-34 years,
there was a slight increase in prevalence
in men until age 40-45 years.

From age-specific prevalence data
and population distribution data, we
estimated that 793 112 children (defined
as 0-19 years in this case because of
age groups used in the available data)
and 3918993 adults (> 19 years) were
affected by asthma in 2016, resulting in
atotal of 4712 106 asthmatics (Table 4).

Temporal trends

The age-standardized prevalence of
asthma increased from 4.46% (95%
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CI: 4.46-4.46) in 2009 to 5.76% (95%
CI: 5.76-5.77) in 2016 (Table 3), cor-
responding to a relative change of
+30.32%. The semi-parametric group-
based modelling demonstrated the pres-
ence of six clusters of different size, but
with a similar course of prevalence over
the study period (Fig. 2). We observed
an almost linear and relatively uniform
increase in prevalence in all clusters
from 2009 to 2016. A stratified analysis
by age (children versus adults, Table 2)
showed that the prevalence increase was
attributable to adults (relative change,
+35.10%) and the prevalence among
children changed only marginally over
time (+4.69%).

Spatial variation

We observed strong variations by a fac-
tor of three over the 402 districts in the
age-standardized prevalence of asthma;
the lowest and highest prevalences of
3.03% (95% CI: 2.94-3.11) and 8.85%
(95% CI: 8.57-9.14) were observed in
Schwibisch Hall and Eisenach, respec-
tively. The age-standardized prevalence
was higher in the western parts of

Table 3. Temporal change in age-standardized prevalence of asthma, Germany,

2009-2016
Year Age-standardized prevalence, % (95 % Cl)
2009 446 (4.46-4.46)
2010 4.66 (4.66-4.67)
2011 4.87 (4.86-4.87)
2012 497 (497 498)
2013 7(5.1 17)
2014 545 (545 546)
2015 5.62 (5.61-5.62)
2016 5.76 (5.76-5.77)

Cl: confidence interval.

Fig. 1.
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dividuals according to age-specific prevalence and population distribution in Germany, 2016

icin

Table 4. Estimated number of asthmat

44

Estimated
total no. with
asthma

Women

Men

Age

General population Study population General population

Study population

(years)

Estimated no.

No. in age

Age-specific
prevalence, %

No. with

asthma

No. in age

Estimated no.

No. in age

Age-specific
prevalence, %

No. with

asthma

No. in age

with asthma

group®

with asthma group

group®

group

102090
205355

37680
76235
89945
104865
107 861
120987
121789
138977
157123
219569
252403
231344
209520

1827858
1756737
1784673
1985471
2178101
2579651
2544895
2500432
2393629

2.06
434
5.04
5.28
495

34576
64158
72759
91789

101115

1677271

64410
129120
154948
136163

1928588
1857190
1893522
2187398
2395930
2787105
2676180
2557606
2428357
3162743
3526252
3104747
2573457
2186608

334
6.95
8.18

59148
109111

1771042
1569396
1515903
1730793
1821178

0-4
5-9

1478437

244892

1443678
1737891
2041879

124047
107740

10-14

241028
227482
248486
243441

6.22

15-19
20-24
25-29

119622
127498
121652
123341
127475
174214

4.99
4

90926
96094
91524
91847
91723
124756
143622
125996
105276

469
479
5.56

6.56

118397
116888
129876
141423
196366
228242
207805
184920
167593
140265

2524419
2442474
2336686
2154455

57

2100612
2013412

4.55

30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74

>74

262318

4.82
525

1904 544

284597

1747299
2264863
2614771

393783

3097169
3458055
3118379
2707823
2376693

7.09
7.30
742

2769872
3127034
2801087

551
549
531

446090

193687
164829
134988
116718

396173

2373283
2007021
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Germany and lower in South and East
Germany (Fig. 3). We found evidence
of a strong spatial autocorrelation at
the district level (Global Moran’s I: 0.50;
P<0.0001). Local Moran’s I showed the
presence of spatial clusters with high or
low prevalence (Fig. 3). Clusters with
high prevalence were found in western
Lower Saxony, North Rhine-Westphalia,
Schleswig-Holstein and in southern
Thuringia.

344508
305483
245754
520504
4711986

188765
155032
342096
2554193

Incidence

The study subpopulation for incidence
estimation included 59289010 indi-
viduals who were included within the
statutory health insurance system for
several years (not always the full 8-year
study period) and who contributed
422516235 person-years over the study
period. Of this subpopulation, 2613 755
(4.41%) were categorized as incident
asthma cases. The summed incidence
was observed to increase almost linearly
with increasing age at diagnosis (Fig. 4).
The overall incidence rate was 6.19 per
1000 person-years, and was higher
among children and adolescents (10.29
per 1000 person-years; 602264 cases
contributing 58557 060 person-years)
than adults (5.53 per 1000 person-years;
2011491 cases contributing 363959175
person-years). We observed an interac-
tion between sex and age (Fig. 4). We
also observed a distinct difference in
summed incidence of asthma accord-
ing to type of residence; the highest
incidence proportion was calculated for
densely populated large urban munici-
palities followed by less densely popu-
lated urban districts, and the lowest was
calculated for rural areas (Fig. 4). The
summed incidence was higher in West
German compared with East German
federal states (Fig. 4).

In multivariable analysis, children
had a hazard ratio (HR) of being di-
agnosed with asthma of 2.17 (95% CI:
2.16-21.8) relative to adults (Table 5).
Resident in the western (versus eastern)
federal states and resident in densely
populated large urban municipalities
(versus rural area) were independently
associated with an increased risk of
asthma, with HRs of 1.33 (95% CI:
1.32-1.34) and 1.32 (95% CI: 1.31-1.32),
respectively. The risk of asthma among
boys (0-18 years) was over twice as high
as that for men (HR: 2.23; 95% CI: 2.22—
2.24); we also observed this difference
in risk, although not as pronounced,
for girls (0-18 years) versus women

1951223
5563746
41824535

7.74
7.94
95
6.1
NA

340056
2336228

1765368
5530562

2389896
38331126

2110117

90722
178408

2157793

1703714
3727721

40697118

5.25
3
532
4.79
NA

92659
74983
167832

1697284

1408139
3506752
32084893

1735885
¢ German population data for the year 2016 were obtained from the Federal Statistical Office."”

NA: not applicable.

Total
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(HR: 1.59; 95% CI: 1.58-1.59). We also
observed sex-specific differences in
risk of asthma according to location of
residence. Specifically, males living in
West Germany had an increased risk
of asthma of 1.21 (95% CI: 1.16-1.26)
compared with males living in East
Germany; this increased risk was only
1.13 (95% CI: 1.08-1.19) for females.

Discussion

In contrast to other studies that re-
ported a higher prevalence of asthma
among children than adults, we es-
timated relatively similar prevalence
values in these two groups. As part of a
sensitivity analysis we also assessed the
prevalence based on a single diagnosis
of asthma, yielding similar prevalence
values among children and adults. The
wide variations in previously published
prevalence estimates,'? especially among
children, may be explained by meth-
odological differences in those studies,
for example, in study design (primary
data collection® versus secondary
analysis of existing data)'® and case
definitions (physician diagnosis'® versus
treated asthma® versus self-reports).”
Prevalence estimates and their tempo-
ral trends therefore cannot be directly
compared between studies.

According to the European Respi-
ratory Society,” an estimated 4 million
individuals were affected by asthma in
Germany. However, it is not known
which study or even which year this
estimate is based on, highlighting the
scarcity of data. Using the nationwide
claims data, we estimated that around
4.7 million individuals in Germany (1
in every 19 children and 1 in every 17
adults) were affected by asthma in 2016.
Compared with an estimated number of
asthmatics of 3.6 million in 2009 (calcu-
lated in the same way), the 2016 figure
indicates an increase of over 1 million
individuals. This increase is mostly at-
tributable to an increase in adults with
asthma; in contrast, asthma prevalence
seems to have stabilized among children
over our study period. Our observed
stability in childhood asthma prevalence
is in agreement with other studies in
Germany;***' one study observed only
minor changes in prevalence between
2006-2009 (3.7%) and 2014-2017
(4.0%).%

Research on the incidence rate
of asthma in Germany is scarce.’>*
A prospective study with follow-up

visits between 1992 and 2005 among
a relatively small sample of about 3200
children from three counties in East
Germany yielded an incidence rate of 5.0
per 1000 person-years.”> In an analysis
of around 4000 adult participants of the
nationwide German Health Interview
and Examination Survey for Adults, an
incidence rate for asthma over an aver-
age period of 12 years (1997-2011) of
1.1-3.4 per 1000 person-years was ob-
served.”” We estimated higher incidence
rates (10.3 and 5.5 per 1000 person-years
for children and adults, respectively);
however, both studies mentioned above
were regionally restricted and had small
sample sizes. Our estimates are in good
agreement with findings from large-
scale studies in other high-income coun-
tries, including Canada (10.9 and 5.6
per 1000 person-years for children aged
5-9 years and 10-14 years, respectively,
and 2.8 for adults aged 40-69 years),*
the United Kingdom (4.1 and 9.9 per
1000 person-years for adults and chil-
dren, respectively)® and the USA (3.8
and 12.5 per 1000 person-years for
adults and children, respectively).*
Regarding the regional distribution
of asthma morbidity, we observed sev-
eral differences in terms of rural versus
urban areas, East versus West German
federal states and small district-scale
hotspots. First, we observed differences
in asthma morbidity between those
resident in rural and urban areas. Al-
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though a higher morbidity of asthma
in urban versus rural areas has previ-
ously been observed,” already partly
explained by the hygiene hypothesis,’
we also differentiated rural and urban
districts by population density. We
found higher incidence rates in densely
populated large urban municipalities
than in lower-population urban dis-
tricts; environmental factors such as air
pollution, one of the key risk factors for
asthma development,’” may explain this
association.

Lower asthma morbidity was ob-
served for residents of East Germany
compared with those of West Germany
at the beginning of 1990, shortly after
the reunification of Germany.” Data
from 2003-2006 did not show any dif-
ference, implying that morbidity had
increased in East Germany;*® however,
the authors of that study suggested that
unmeasured confounding factors may
have masked a regional difference. Our
observed regional difference is sup-
ported by a study that compared asthma
prevalence in children with a similar
genetic ancestry but living in different
environments (in our case, genetically
similar German children living in West
or East Germany).”® For example, a
study measuring the asthma prevalence
among Chinese children, showed that
the prevalence increased from those
born in China to those who migrated to
Canada, and was highest for those born

Fig. 2. Temporal change in age-standardized asthma prevalence in 402 districts,
clustered into six trajectories, Germany, 2009-2016

Prevalence (%)

T
2009 2010 2011

-®- 15 districts (3.7%)
-/\- 108 districts (26.9%)

2012

-m- 49 districts (12.2%)
<>~ 75 districts (18.7%)

2013 2014 2015 2016

Year

115 districts (28.6%)
-+ 40 districts (10.0%)

Notes: We created trajectories using the SAS procedure Proc Traj,”” the optimal number of six, which was
based on the Bayesian Information Criterion. The German population from the year 2015 was used as a
standard population;'” the standardization controls for possible demographic changes in the population

structure in the study period.
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Fig. 3. Regional variations in prevalence of asthma and significant spatial clusters, Germany, 2016
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controlling for possible demographic changes in the population structure in the study period. Districts with significant spatial clusters estimated with Local Moran’s /.° Spatial analysis was performed with crude prevalence values.
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in Canada.’® Epidemiological studies
that rely on objectively measured data
(e.g. skin prick test) also support our
findings; for example, a higher atopic
sensitization rate in children from West
compared with those from East Ger-
many has been reported.”

We also observed district-scale
variations in prevalence of asthma,
and identified hot and cold spots, that
is, districts with high and low asthma
prevalence estimates, respectively. The
distribution of local environmental risk
factors of asthma (e.g. allergens, prenatal
smoking, nutrition and/or stress) across
the districts is usually unknown, but
there is some evidence for district-level

variations in smoking among men and
women.” Other factors contributing to
regional variations in asthma morbidity
include meteorological factors (e.g. solar
radiation),* area-level socioeconomic
status, and the different diagnostic
coding behaviour and practices of physi-
cians. We found distinct differences be-
tween different coastal areas; specifically,
we observed a cluster of high-prevalence
districts near the North Sea coast, but a
low-prevalence cluster in the Baltic Sea
coastal region, a finding which merits
further investigation.

Our study benefited from the use of
nationwide claims data, incorporating
outpatient diagnoses of approximately

Research
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85% of the German population. As there
were only minor differences between the
study population and the general Ger-
man population in terms of age, type of
residence and federal state, our findings
may be considered representative. Our
spatial analysis at the district level, al-
lowing the identification of high-risk
areas, is also important as there is no
consensus on primary prevention of
asthma.

Our study had several limitations.
Our study population may not be rep-
resentative in terms of sex distribution,
as the proportion of females in our
study population was slightly higher
than that in the general population. The

Fig. 4. Summed incidence of asthma overall and by sex, type of residence and location as a function of age at diagnosis, Germany,

2009-2016
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Notes: Incidence was estimated with Kaplan—Meier analysis. Incidence for each group in Table 4 was added to that of the previous group. In the graph for place of
residence, data for rural areas with population concentrations and rural areas with a low population density are superimposed.
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Table 5. Crude and adjusted hazard ratios and corresponding 95% confidence intervals for asthma incidence, Germany, 2009-2016

Variables Crude HR (95% CI)® Adjusted HR (95% Cl)°

Total Total Men Women
Sex
Female 1.01 (1.00-1.01) 1.14(1.13-1.14) NA NA
Male Reference Reference NA NA
Age, years
0-18 2.17 (216-2.18) 1.87 (1.86-1.87) 2.23(2.22-2.24) 1.59 (1.58-1.59)
>18 Reference Reference Reference Reference

East versus West Germany

1.05 (0.76-1.44)
1.21 (1.16-1.26)
Reference

1.05 (0.74-1.50)
1.13(1.08-1.19)
Reference

Berlin 1.30 (1.29-1.30) 1.05 (0.75-1.47)
West Germany 1.33(1.32-1.34) 1.16 (1.11-1.22)
East Germany Reference Reference

Type of residence*

Rural areas with a low population Reference Reference

density

Rural areas with population
concentrations

Urban districts
Large urban municipalities

1.01 (1.00-1.01)

1.12(1.11-1.12)
1.32(1.31-1.32)

1.00 (0.95-1.05)

1.03 (0.98-1.08)
1.20 (1.14-1.27)

Reference Reference

1.01 (0.96-1.05) 1.00 (0.95-1.05)

1.03 (0.98-1.07)
1.19 (1.13-1.25)

1.03 (0.98-1.08)
1.22 (1.15-1.29)

Cl: confidence interval; HR: hazard ratio; NA: not applicable.

¢ Cox proportional hazard model.

® Parametric survival model with individuals on level 1 nested within 402 districts on level 2.
¢ Rural areas with a population density lower than 100 inhabitants per km? were categorized as low population density, rural areas with a population density less than
150 inhabitants per km?” were categorized as rural areas with population concentrations, urban districts were defined as districts with a population density over 150

inhabitants per km? and large urban municipalities had a population above 100000 inhabitants.”

15% of the population that is privately
insured, whose data are not included,
may differ from the individuals with
statutory health insurance in terms of
socioeconomic status. Differences in
morbidity between individuals with
private or statutory health insurance in
Germany have been shown," although
not explicitly for asthma. One study
does mention an asthma prevalence
(around 5%) among privately insured
individuals in Germany, comparable to
our estimated prevalence for the entire
population, but this estimate was based
on a personal communication.” Also,
physician claims data are primarily col-
lected for billing purposes and not for
morbidity research. Although we cannot
rule out a degree of misdiagnosis, our
conservative case definition (a diagnosis

of asthma in at least two quarters of the
year in question) reduced the possibil-
ity of counting false-positive cases. This
case definition was also used in other
studies of asthma prevalence, includ-
ing in China, Taiwan*’ (which required
diagnoses in at least three quarters of
each year), Germany,'® the Republic of
Korea'” and the USA.* Finally, informa-
tion on potential confounding factors,
such as smoking and socioeconomic
status, was not available from the physi-
cian claims data.

We conclude that asthma is a
common disorder in Germany with an
increasing disease burden. A recent esti-
mate of a current annual cost of asthma
treatment per patient of €2168 Euros
(€)* applied to our calculated number
of prevalent asthma cases in 2016 (>4

million) results in a cost to the German
health-care system of over €8 billion.
To control this increasing asthma
prevalence and its associated costs, more
research into the prevention and causes
of asthma is required. We anticipate that
our insights into the spatial distribution
of asthma morbidity will serve as a solid
basis for public health interventions,
including region-specific prevention
programmes and control. l

Acknowledgements

The authors thank the 17 regional As-
sociations of Statutory Health Insurance
Physicians in Germany.

Competing interests: None declared.

Sase

L2076 1) 2009 5 4l ¢ g2 Jb Lo ;U1 olslondl lIUal o8N ) g3l 5 SLaLEY)

LB Lo i A1 LUl bl plaszaly s ) Gyl
L;UW\_,UJL;\C,‘zomd\zoogw 5 i)l Jos

&w (82521653/70416019) 85. 3%&“&.5\,
u&»w;\fbw\; 2016¢uduu\¢omu.u

48

Gk os LU G 5 0L Ll uym slaiinl o Al
MQ.:KLU 4:.\.9}3\ Vuu\ U"b"-’ cL}U—‘ )LJ.I.)Y\ dJJu: %JLM.>
U Ol (LUT & 501 (5,0 a1 saadl s

AaBYI g ekl aall alall

Bull World Health Organ 2020,98:40-51| doi: http://dx.doi.org/10.2471/BLT.19.229773



Manas K Akmatov et al.

23 .(5.77 41 5.76 :95% 4zl Jools) 5.76% dwy yonll
10050 Jbslr) (68 G 15 DLl 552 5 Lo Ds Lo
Ll LIS Sle yost Lo 5 ¢(0.0001 >l 4 <0.50
SLY I e JS 3 il OT LY e el ol st 13
58 & pad) SLaldly (&3 2l blie) dn sl i adl
530 5 Fites S Lol (At 1 b UL Lolas) OIS dais
o) 1335 Ul (o il o 5 L LY s
1.31:%95 48 Jols) 1.325(1.34 ) 1.32:95% 4zl
Al e (1.32/d)

LoV Jaal G w55l o puain Ly O gzl
Gl coll oeall ol Lo O adl (§ g 5 ¢ 52 L
L«l&sw\ju%l@&\%uﬁ‘e‘jdﬂb

Research
Asthma morbidity, Germany

oy Lkl IS e dplo¥l daliall Gy 5 0 sLasY
(Global and Local Moran) J.».Uj L;U.,d\ Qb}»
G2 L1l w})\,‘(ﬁ;\ Mo w;\) LBYI g s
Sdaze (63 94| ladd O gl T30 plisal, c(gj’d\ Jlee

ol gl
ele @ g2 b ol 8 jased 05 4.7 OF iy o3 sl
ébub“:“d)?l"’ 3.9_9&.019de.,40 8‘).0...»4\‘.»42016
95.85%)@@\@(%\}“&‘6)‘_}@&\\)m\Lb’y
¢5.13%) JUbYL &,le (58246299/3408622
o L3 Jims Olusw L5 ((12169720/624899

k3

2009-2016 FEEE NI ]12
BE g@BitE Y ARE, HELE R E#
$o, T EEEw BHH B, %ﬁfﬁﬁw\ e 5] Fu
rEERNG, KEEEE%mRE,

Fik RAVER T 2009-2016 F 1 18] iy & 4 4 & o R &
i, BERARESETREH DA [2016 £ 5
7 A A O 853%(70416019/82521653)) H 1% #
Wi, #WititE A Y E 2L KR, WABRKK
R4, AR MK e B R #AT T RE .
TMER £ ES KB THERE, @dEa. £, BE
KA (RAGWT) BN CGRIEEH) FHT
i 1 XU

R At 2016 FH 470 F AERE, £
B E 80 7 )L E 390 R A, BT UL B R A

2 BERE R E T BB X 5B HEHE

A (5.85%; 3 408 622/58 246 299) Hy B Jm X 8 5 T L
& (5.13%; 624 899/12 169 720), FHit&E HEHATEL
BRER 576% (95% EfEXI[E, Cl:576-577), #
MART REW = E AKX IEE (2RE =5 -
0.50,P < 0.0001), H# & T EAHKHERENFHIBE
R, BEEEH Ed TR HAMMACTH
FH AT X TRAME) G 2 g A 5 hn ko1
A%, KGR A 133 (95% B KX : 1.32-1.34)
?rn 1.32 (95% BEZ X A : 1.31-1.32),

it %kﬂ]ﬁ%%?;@ﬁﬂ'] 18] A7 6 WA T B4y
%E%ﬂ‘ﬁ%ﬁﬁﬂm, L35 AT 0 X B T 7 %
il

Résumé

Tendance et répartition régionale des demandes de remboursement de consultations ambulatoires pour asthme entre 2009 et

2016 en Allemagne

Objectif Etudier la morbidité de I'asthme en Allemagne en calculant
la prévalence, en examinant les tendances temporelles et spatiales, en
estimant le nombre total d'asthmatiques en Allemagne et en calculant
le risque par age, sexe et lieu de résidence.

Méthodes Nous avons utilisé les demandes de remboursement
déclarées par les médecins pendant la période 2009-2016, notamment
les diagnostics ambulatoires de toutes les personnes affiliées
au régime d'assurance maladie obligatoire, représentant 85,3%
(70416 019/82 521 653) de la population allemande totale en 2016.
Nous avons réalisé une analyse spatiale de la prévalence de I'asthme par
districtadministratif en calculant 'indice de Moran global et local. Nous
avons évalué le risque d'asthme par sexe, par age, par type de résidence
(rural contre urbain) et par Etat fédéré (Est contre Ouest) a I'aide d'une
régression de survie paramétrique multiniveaux.

Résultats Nous avons estimé que 4,7 millions de personnes souffraient
d'asthme en 2016, dont 800 000 enfants et 3,9 millions d'adultes. Nous
avons observé une prévalence légerement plus élevée (avec une

Bull World Health Organ 2020;98:40-51

doi: http://dx.doi.org/10.2471/BLT.19.229773

tendance a la hausse) chez les adultes (5,85%; 3 408 622/58 246 299)
que chezles enfants (5,13%; 624 899/12 169 720), et nous avons calculé
une prévalence standardisée surl'age de 5,76% (intervalle de confiance,
IC, de 95%: 5,76-5,77). Nous avons constaté des signes d'une forte
autocorrélation spatiale (indice de Moran global: 0,50, P < 0,0001),
et identifié des grappes spatiales locales présentant une prévalence
plus élevée. Le fait de vivre dans un Etat fédéré de I'Ouest (par rapport
a I'Est) et dans une grande municipalité urbaine densément peuplée
(parrapport a une zone rurale) est associé, de facon indépendante, a un
risque accrud'asthme, avec un rapport de risque de respectivement 1,33
(IC95%: 1,32—1,34) et 1,32 (IC 95%: 1,31-1,32).

Conclusion Ces informations sur la répartition spatiale de la morbidité
de I'asthme peuvent éclairer les interventions de santé publique,
notamment les programmes de prévention et de contréle adaptés a
chaque région.
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Pesiome

TeHpeHUMY 1 pacnpeaeneHne No permoHam 3aboneBaemocTy acTMoli cpeiv ambynaTopHbIX 60JIbHbIX,

2009-2016 rr., lepmaHua

Llenb /13yunTb 3a60neBaeMoCTb acTMOi B [epmaHum nocpecTBOM
noAcyeTa Cnydaes 3a00neBaHyiA B HACTOALLEE BPeM, M3yUeHns Taknx
bakTopOB 3a60NEBAEMOCTY, KaK MPOCTPAHCTBO U BPEMS, 1 OLIEHKN
00LLEro KonmyecTsa acTMaTVKOB B fepMaHmK, a Takke pacueTa prcka
NO BO3PACTY, MOy Y MECTY NPOXMUBAHVIA.

MeTtopabl ABTOpbI MCNONb30Bann faHHble 06 ambynaTopHbIX
[VarHo3ax, MoCTaBneHHbIX Bpayamin B TeueHve 2009-2016 rT. scem
anuam, MMEoLMM roCcyfapCTBEHHYI0 MEANLIMHCKYIO CTPaxXOBKY
n cocTasnawoWwmm 85,3% (70 416 019/82 521 653) ot obulein
YUCNEHHOCTW HaceneHna fepmanmn 8 2016 . ABTOPbI BbINONHWAM
NPOCTPAHCTBEHHbBIN aHaNW3 PacNpPoOCTPAaHEHHOCTU Clydyaes
3a00MeBaHVA aCTMOW MO AAMUHUCTPATVBHBIM PalioHaM, pacCUvTaB
rnobanbHbli 1 NOKanbHbIM MHAeKC MopaHa /. bbina BbinonHeHa
OLIeHKa PU1CKa pa3BUTLA acTMbl B 3aBUCMOCTM OT MOJa, BO3PacTa,
MeCTa NPOKMBAHNS (CENbCKAs MECTHOCTL W TOPOA) U deaeparnbHbIX
3emMefb (BOCTOK mnu 3anafl) C UCNOb30BaHWEM MHOMOYPOBHEBOW
napameTprYecKon perpecCoHHON MOAENN BbIXXNBAEMOCTH.
Pesynbrathbl [0 oueHke aBTopos, B 2016 rogy actmon 6onenu
4,7 MUNNVOHA Yyenosek, B ToMm yucne 0,8 MunnnoHa geten
1 3,9 MUANMOHa B3poChbIX. Habnoganacb HemMHoro 6onee

BbICOKas YacToTa 3ab0neBaeMoCT (C TeHAEHUMEN K YBENNYEHWIO)
cpean B3pocnbix (5,85%; 3 408 622/58 246 299) no CpaBHEHMIO
c pnetbmu (5,13%; 624 899/12 169 720). bbina paccumTaHa
CTaHAAPTMU3MPOBaAHHAA MO BO3PacTy pPacnpoCTpaHeHHOCTb
3aboneBaHNs, cocTaBnAoLLan 5,76% (C aoBepUTENbHBIM MHTEPBANIOM
95%, [IN: 5,76-5,77). ABTOPbI HaWwnn NOATBEPKAEHWE CUBHOW
NPOCTPaHCTBEHHOW aBTOKOppenaumn (rnobanbHbI MHAEeKC
MopaHa /:0,50; P <0,0001) 1 BbISiBMAN NOKaNbHble MPOCTPAHCTBEHHbIE
KnacTepbl C 6osee BbICOKO YacToToV 3ab0neBaeMoCcTu. [poxKiBaHme
B 3aMafHblX (MO CPABHEHMIO C BOCTOUHbIMK) defleparnbHbIX 3eMAX
W B IyCTOHACeNeHHbIX KPYMHbIX TOPOACKMX MyHWUMManMTeTax (no
CPaBHEHWIO C CENbCKOM MECTHOCTBIO) HE3aBMCKMO aCCOLMMPOBANOCH
C NOBbILLEHHBIM PUCKOM PA3BUTNA aCTMbl C KOIGGULIMEHTAMM PUCKa
1,33 (95% [W:1,32-1,34) 1 1,32 (95% [AW: 1,31-1,32) COOTBETCTBEHHO.
BbiBog [0OHVIMaHVie TPOCTPAHCTBEHHOO pacnpefeneHus nokasarens
3a60/1€BaeMoCTV aCTMOM MOXKeT CnocoOCTBOBAaTb MPUHATUIO
Haanexalux mep B 061acT OOLECTBEHHOTO 3PAaBOOXPAHEHNS,
BK/OUaA OpraHm13aLmio Nporpammv nNo NPodUIaKTIKe U KOHTPOSIO
aCTMbl B PEMOHaX C NOBbILLIEHHOK 3a00/16BAEMOCTbIO 3TOV OONE3HBIO.

Resumen

Tendencias y distribucion regional de las reclamaciones de pacientes externos por asma, 2009-2016, Alemania

Objetivo Investigar la morbilidad por asma en Alemania mediante el
cdlculodela prevalencia actual, el examen de sus tendencias temporales
y espaciales, la estimacién del nimero total de asméticos en Alemania
y el cdlculo del riesgo especifico por edad, sexo y residencia.
Métodos Se utilizaron los datos de reclamaciones notificados por los
médicos durante 2009-2016, incluidos los diagndsticos de pacientes
externos de todos los asegurados estatutarios de salud, que representan
el85,39% (70416 019/82 521 653) de la poblacién total en Alemaniaen
2016. Se realizé un andlisis espacial de la prevalencia del asma segun el
distrito administrativo calculando el | de Moran a nivel global y local. Se
evalud el riesgo de asma por sexo, edad, tipo de residencia (rural versus
urbana) y estado federal (Este versus Oeste) mediante una regresion
paramétrica de supervivencia multinivel.

Resultados Se estimo que 4, 7 millones de personas fueron afectadas
por el asma en 2016, incluyendo 0,8 millones de nifios y 3,9 millones
de adultos. Se observé una prevalencia ligeramente mayor (con una

tendencia creciente) entre los adultos (5,85 %; 3 408 622/58 246 299)
en comparacién con los nifios (5,13 %; 624 899/12 169 720), y se
calculé una prevalencia estandarizada por edad de 5,76 % (intervalo
de confianza del 95 %, IC: 5,76 a 5,77). Se encontraron pruebas de una
fuerte autocorrelacion espacial (I de Moran Global: 0,50, P<0,0001), y
se identificaron los grupos espaciales locales con niveles més altos de
prevalencia.Viviren los estados federales occidentales (versus orientales)
y vivir en municipios urbanos grandes densamente poblados (versus
area rural) se asoci¢ independientemente con un mayor riesgo de asma,
con cocientes de riesgo de 1,33 (IC del 95%: 1,322 1,34) y 1,32 (IC del
95 %: 1,31 a 1,32), respectivamente.

Conclusién Esta informacion sobre la distribucion espacial de la
morbilidad por asma puede servir de base para las intervenciones
de salud publica, incluidos los programas de prevencién y control
especificos de cada region.
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