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Abstract

Although evidence for the heterogeneity of asthm@umulated, consensus for definitions of
asthma phenotypes is still lacking. Obesity mayehasterogeneous effects on various asthma
phenotypes. We aimed to distinguish asthma phesstyyy latent class analysis and to

investigate their associations with different obegiarameters in adults using a population-

based Swiss cohort (SAPALDIA).

We applied latent class analysis to 959 self-regbasthmatics using information on disease
activity, atopy, and age of onset. Associationshvabesity were examined by multinomial

logistic regression, after adjustments for age, saroking status, educational level, and study

centre. Body mass index, percent body fat, waipt ratio, waist height ratio, and waist

circumference were used as obesity measure.
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Four asthma classes were identified, includingigenst multiple symptom-presenting asthma
(n = 122), symptom-presenting asthma (n = 290),pgm-free atopic asthma (n = 294), and
symptom-free non-atopic asthma (n = 253). Obesiy positively associated with symptom-
presenting asthma classes but not with symptom-érees. Percent body fat showed the

strongest association with the persistent mulSgl@ptom-presenting asthma.

We observed heterogeneity of associations with igb@gross asthma classes, indicating

different asthma aetiologies.
Introduction

Asthma is a highly heterogeneous disease with campathophysiological features including
airway hyperresponsiveness and airway inflammationn also with divergent features
distinctive of asthma subtypes (1). Non-eosinophasthma, characterized by an absence of
eosinophils in the airway inflammation, differsirceosinophilic asthma in many aspects (2).
Non-eosinophilic asthma is more likely to be refoag to corticosteroid therapy and to be
non-atopic, whereas epithelial hyperplasia or hypphy occurs only in the eosinophilic
subtype. This indicates that the variable phenatypeesumably have distinct aetiologies.
Recent findings from the Genome Wide Associatiandi&gis (GWAS) also suggest that early-
onset asthma has distinct genetic risk factorsompmarison to the late-onset subtype (3).
Distinguishing asthma phenotypes allows for the n@ration of the aetiology and
pathobiology of the disease and may also contriiotea better prediction of disease

progression and more targeted therapies.

Previous studies reported association between tgbasd incident asthma (4-7). However,

few studies were designed so that obesity preceédedasthma onset. Asthma can often be
unnoticed or undiagnosed for a while. This hindemsuring that obesity precedes the true
incidence of asthma. Therefore, despite the accatenllreports on the association, causality

remains inconclusive.

While body mass index (BMI) is the most widely usszesity measure, it might not be the
optimal measure regarding its role in pathophygiplfior respiratory diseases such as asthma.
BMI cannot distinguish fat mass from muscular masg] hence cannot capture one of the
most important features of obesity — body fat distion. Moreover, the relationship between

obesity and asthma may be heterogeneous acroseediffasthma phenotypes (8-11).
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Latent class analysis (LCA) has been successfplhlied to distinguish asthma phenotypes
(12-15). LCA is a method to analyse the relatiopslamong manifest variables, assuming
some unobserved categorical variables (16). In shusly, we applied LCA to distinguish

asthma phenotypes.

We examined the association between a variety esipbmeasures — BMI, percent body fat
(PBF), waist circumference (WC), waist hip ratio HWR), waist height ratio (WHtR) — and
different asthma classes found by LCA, utilizing Bwiss Cohort Study on Air Pollution and
Lung and Heart Diseases in Adults (SAPALDIA).

M ethods

Study population

The Swiss Cohort Study on Air Pollution and LungdaHhleart Diseases in Adults
(SAPALDIA) was initiated in 1991 (SAPALDIAL), reciting 9651 adults aged 18 to 62
years (17). 8047 subjects from the initial cohattigipated in the first follow-up in 2001-3
(SAPALDIA2) (18) and 6088 subjects in the secontbfo-up in 2010-11 (SAPALDIA3). At
each survey, participants underwent a spirometrgmémation and a detailed in-person
interview on respiratory health and risk factoree Bubjects who participated at baseline and
at least in one follow-up were included in thisdstFigure 1). Ethical approval was obtained
from the Swiss Academy of Medical Sciences andrégtonal committees for each study

centre.
Asthma definition

Subjects were considered to be asthmatic if thesyvared ‘yes’ to the question ‘Have you
ever had asthma?’ either at baseline or in thé dirghe second follow-up (n = 1094). After
exclusion of asthmatics with missing informatiorr fekin prick test, self-reported nasal
allergy, or age of asthma onset (n = 135), LCA afglied to 959 asthmatics. As a sensitivity
analysis, we used physician-diagnosed asthmaicatasgrthe sample to 677 asthmatics if they
answered ‘yes’ to both questions ‘Have you everdsttima?’ and ‘Was this confirmed by a
doctor?’ either at baseline or in the first or geEond follow-up. In an additional sensitivity
analysis, we restricted LCA to those who reportigidee asthma attack in the last 12 months

or current asthma medication at least once frorellvesto the second follow-up (n = 472).

Obesity measures
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We examined five obesity measures including bodgsriadex (BMI; weight in kilograms
divided by the square of height in meters), perdedy fat (PBF), waist hip ratio (WHR),
waist circumference (WC), and waist height ratioHiR) in SAPALDIAS3. Height was
measured in SAPALDIAL, 2, and 3. Weight was askedSAPALDIA1 and measured in
SAPALDIA2 and 3. Waist and hip circumference wereasured in SAPALDIA3. Bioelectric
impedance was measured in SAPALDIA3 using the dekelios (Helios, Forana, Frankfurt,
Germany). Fat-free mass was derived from the medsu@sistance and reactance using the
formula of Kyle et al (19). Fat mass was then comguas the difference between body
weight and estimated fat-free mass. PBF was defasethe ratio of fat mass to body weight

in percent.
Clustering asthma classes using LCA

Seven variables were chosen as manifest variableeflect different aspects of asthma
phenotypes: 1) asthma attack in the last 12 mafyts or no). SAPALDIA3 information on
current asthma attack, current asthma medicatiod,carrent asthma symptoms was given
priority and then complemented with the informatioom SAPALDIA2 for those who did
not participate in SAPALDIA3; 2) current asthma noadion (yes or no); 3) number of
asthma symptoms in the last 12 months (no symptomss,or two symptoms, or more than
two symptoms). Five typical respiratory symptomsraeveonsidered: breathless while
wheezing, chest tightness, shortness of breathsat shortness of breath after exercise, and
woken by shortness of breath at night. The asthyngpom variables were constructed by
counting positive answers across five symptomsthramighout study follow-ups, regardless
the number of non-missing answers; 4) number ¢fnaatsymptoms repeatedly reported from
baseline to the second follow-up (no persistentptpms, one or two persistent symptoms, or
more than two persistent symptoms); 5) atopy ddfiog positive skin prick test at baseline
(yes or no), identified by an adjusted mean whéaindter> 3 mm to at least one of eight
common allergens (cat fur, dog epithelia, house i (Dermatophagoides pteronyssinus),
timothy grass pollen, birch pollerRarietaria pollen, and the mould®\lternaria and
Cladosporium) (18, 20); 6) nasal allergy including hay fevepaoded at least once from
baseline to the second follow-up (yes or no); ® afjasthma onset16 or < 16 years (late or
early onset), following Moffatt et al (3). The coftf of 16 years is the time around which boys
and girls attain puberty and around puberty genligroportionate incidence rates reverse

from male to female preponderance.
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LCA was applied to asthmatics with non-missing mnation on allergy and age of onset (n =
959). For asthma attack in the last 12 months amcect asthma medication, subjects with
missing information were assumed to be negativerdier to find the appropriate number of
latent classes, models were fitted with 2 to 8ntdasses. The best number was selected
primarily based on the Bayesian information craer{BIC) while the prevalence of classes
was also considered. Without compromising too moictBIC, the number of latent classes
resulting in more evenly distributed classes wasseh. Each subject was assigned to the

latent class with the highest posterior probability

A descriptive analysis was conducted by exaministridutions across LCA-derived asthma
classes of age, sex, obesity, education level, Brgakatus, physical activity, high-sensitive
C-reactive protein (hs-CRP) level, airway obstmuetiand lung function at baseline including
forced expiratory volume in one second (RE¥s percentage of the predicted, forced vital
capacity (FVC) as percentage of the predicted, {ARXC, forced expiratory flow between 25%
and 75% of FVC (FEk.75) as percentage of the predicted, and bronchiatingpponsiveness.
hs-CRP was measured at SAPALDIA2. Extreme hs-CR&esai.e. higher than 10 mg/L,
were excluded. Airway obstruction was defined a8 HFEVC < 0.7 according to the Global
Initiative for Chronic Obstructive Lung Disease (3O (21). BHR was defined by 20%
decline in FEV1 on methacholine challenge, takirdine as reference. Lung function
measurements were obtained using pre-bronchodikmometry as previously described
(17). The predicted values for FEMFVC, and FEFs.7s were obtained using Brandli et al
equations (22, 23).

Obesity-asthma association examined by multinomial logistic regression

LCA-derived asthma classes and non-asthmaticsfaseenee were regressed on one of the
five different obesity measures, adjusting for aggx, smoking status, education level and
study centre. To enable comparison across diffevbasity measures, odds ratios (OR) were
computed for 1 standard deviation (SD) increase. iRterpretation purposes, we also
reported ORs for overweight or obesity, followingnumonly used categorisation (Table S2).
Men were classified as obese if BMB0 kg/nf, WHR> 1.0, WC> 102 cm, or WHtR> 0.6
and as overweight if BMt 25 kg/nf, PBF > 25%, WHR> 0.9, WC> 94 cm, or WHtR> 0.5

but not obese. Women were classified as obese If:B8D kg/n‘?, WHR> 0.85, WC> 88 cm,

or WHtR> 0.6 and as overweight if BMt 25 kg/nf, PBF > 32%, WHR> 0.8, WC> 80 cm,

or WHtR> 0.5 but not obese. Although PBF higher than 25f4rfen and 32% for women is

generally considered overweight, the consensusgmal cut-offs of PBF is lacking.
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Additional analyses

In an attempt to examine the effect of chronic expe to obesity, a multinomial logistic
regression model was fitted to the stably overwepgiiticipants defined as being overweight
(BMI > 25 kg/nf) from baseline to the second follow-up. Anothenssévity analysis was
conducted, restricting to physically active papamts. Subjects were defined as physically
active if they reported either moderate physicdiviadg > 150 minutes/week, vigorous
physical activity> 60 minutes/week, or combined duration (duratiormafderate physical
activity + 2 x duration of vigorous physical actii> 150 minutes/week. Information on
physical activity was obtained from four questiomssessing frequency and duration of

moderate and vigorous activities (24).
Statistical software

All analyses were conducted using R 3.1.3 (25)pdrticular, R packages poLCA (26) and

nnet (27) were used for the LCA and multinomiali$tig regression, respectively.

Results
Four asthma classes identified by LCA

Although five classes resulted in slightly bettd€Bthe model with four classes was chosen
due to more evenly distributed class membershipl€T&1). The LCA with four classes

distinguished persistent multiple symptom-presentisthma (class 1, n = 122), symptom-
presenting asthma (class 2, n = 290), symptom-dtepic asthma (class 3, n = 294), and
symptom-free non-atopic asthma (class 4, n = 268ss 1 was characterized by a high
probability of experiencing an asthma attack inlgst 12 months, currently being on asthma
medication, and having persistent asthma symptdrabl¢ 1). Class 1 subjects were more
likely to have late-onset asthma. Class 2 was cheniaed by having one or two persistent or
current asthma symptoms. Class 3 and class 4 wemaaerized by experiencing neither

current nor persistent asthma symptoms and wetmglisshed mainly by atopy and nasal

allergy: class 3 subjects were more likely to hat@py and nasal allergy, whereas class 4
subjects were predominantly non-atopic and legdylito have nasal allergy. Contrasts in skin

prick test were stronger than contrasts in nasaigl self-report.

The distribution of age, sex, obesity, educatiewel, smoking status, and physical activity

did not differ much between the four classes, eix¢bat women are over-represented in
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class 1 (Table 2 and S3). Bronchial hyperresponsis® (BHR) at baseline was more

prevalent in class 1, 2 and 3 than in class 4.

Notably, class 1 and 2 showed higher prevalencairefay obstruction. For class 1 and 2,
airway obstruction was already observed at basdfiE®1% predicted, FEV1/FVC ratio, and
FEF5720 predicted were lower in comparison to classes®@4 FVC% predicted did not

differ much by asthma classes.

The sensitivity analyses, applying LCA to 768 asdlios who participated in the second
follow-up, or restricting LCA to 677 physician-diagsed asthmatics, resulted in similar class
membership (Table S4; Kappa > 0.9 for both). Whestricted to 472 asthmatics who ever
reported either asthma attack in the last 12 moothairrent asthma medication, LCA could
not distinguish atopic and non-atopic classes antbagymptom-free asthmatics (Table S4;
Kappa > 0.3). Instead, the symptom-presenting astfutass 2) was further differentiated into
atopic and non-atopic classes. In any case, th&s alath highest probability of multiple
persistent symptoms similar to the class 1 agaowsl a stronger association with obesity

compared to any other classes (data not shown).
Heterogeneity of obesity-asthma association

Multinomial logistic regression models were fitteal the four LCA-derived asthma classes
with non-asthmatics as reference. Participants waitji missing values in the five obesity
measures were excluded (Figure 1). Among the fbasiby measures examined as continuous
determinants, BMI, PBF, WC and WHtR showed a sigaift association with class 1
(Table 3). PBF showed the strongest association £AR63 (95% confidence interval (Cl):
1.21 - 2.20) for 1 SD increase) and further adjesthfor BMI did not attenuate this (OR =
1.57 (95% CI: 0.96 - 2.56)). These results implattin our sample 1% higher PBF is
associated with a 6.1% increased risk of havingdhes 1 if BMI remains the same. For
class 2, all five obesity measures showed a samti positive association. Interestingly, the
associations of PBF, WC and WHtR to class 2 becstroeger when adjusted for BMI. None
of the five obesity measures showed a significasitye association to symptom-free asthma
(classes 3 and 4). WHR was even negatively assaocitth class 4. Interaction analyses
suggested a gender difference in the positive &smt of obesity with class 1 and the
association to be stronger in men, but the resudie inconsistent across different obesity

measures (data not shown).
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Being obese showed a positive association wittselad and 2 irrespective of the parameter
used for classification (BMI, WHR, WC or WHtR) (TlabS5). Being overweight defined by
PBF showed strong positive associations with ckadsend 2, in comparison with being

overweight defined by other obesity measures.
Stronger association among the stably overweight

When the analysis was restricted to participants whre stably overweight (BMi 25 kg/nf)
from baseline to the second follow-up, the assmmiabf PBF with persistent multiple
symptom-presenting asthma increased (OR = 2.45 ©b%15 - 5.21)) (Figure 2 and Table
S6). This corresponds to saying that among thelystaberweight, 1% higher PBF is
associated with a 12.4% increased risk of haviagsclL. BMI, WC and WHtR also showed a
stronger association to class 1 when restrictedestably overweight, but not as pronounced

as for PBF. This restricted analysis did not leachtich increase in ORs for class 2.

When the analyses were restricted to physicallivagtarticipants, the associations were not
altered (Table S7).

Discussion

LCA enabled us to identify asthma sub-phenotypemnimgnostic way, with a priori selected
relevant characteristics taken into considerati8imple classification, for example by
creating a contingency table, would suffer from Ipewer, given the large number of
characteristics to consider. Unlike such simplesifecation, LCA reveals the co-occurrence
and importance in distinguishing classes over mlelticharacteristics. The LCA-derived
asthma classes were distinguished mostly by disem$rity and atopic status. Our
multinomial logistic regression analyses showed timsity was associated with symptom-
presenting asthma classes but not with symptomédnes, indicating they may indeed have
different aetiologies. Associations were consisyestrongest for PBF and the highest odds

ratios were observed for the association betwedn &gl class 1 asthma sub-phenotype.

Class 1 represented relatively severe and presynpalalrly controlled asthma. Subjects of

this class are also more likely to have late-onseh-atopic asthma and to be female. This
finding is in line with results from earlier studiaiming to identify asthma sub-phenotypes by
applying various clustering methods (13, 28-30)cdntrast to the previous clustering studies,

we did not identify age of disease onset to be g #déferentiating factor. However,
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categorization of age-of-onset by 16 years cutroffy not be the optimal way to assess.
A recent SAPALDIA study showed that gender diffeemn asthma incidence attenuated in
late adulthood (31) and menopause has been assbaiath asthma phenotypes (32). It
would be interesting to investigate asthma thatifests later in adulthood as potentially a
separate phenotype or to examine if the associsdiobesity changes around menopause, but
limited number of observations did not allow suchlitional analysis. Our analyses revealed
the strongest association of obesity with clagsointing to a distinct asthma entity both from
a clinical and an aetiological perspective. Althloutpis study assessed self-reported ever
asthma, possibly including the asthmatics whoskllobod asthma had grown out, class 1 was
also identified when LCA was restricted to thoseowieported either asthma attack or
medication during the time of SAPALDIA follow-up drshowed the strongest association

with obesity.

Most obesity measures examined in this study shoeeplositive association with the
symptom-presenting asthma classes. Comparing thgoDR SD increase, PBF had the
strongest association with class 1, suggesting R captures the effects of adiposity on
respiratory health better than BMI, confirming tmaitation of BMI to be used as health-
relevant obesity measure. In recognition of theitétion of BMI, Fenger et al examined
various obesity measures in relation to asthmaa8) lung function (33), although they did
not report any specific measure being superior MI.BWang et al showed stronger
association of asthma to PBF than to BMI amongdcéii (34). Alternatively, this strong
association between PBF and symptom-presentingnastfasses might be in part attributed
to reverse causation, i.e. asthmatics tend topagkical activity and lose muscle mass, which

then associates with higher PBF.

One of the most favoured hypotheses explainingotiesity-asthma association is that low-
grade chronic inflammation induced by visceral adgptissue leads to airway inflammation.
In fact, we did observe higher serum levels of teghsitive C-reactive protein (hs-CRP) in
severe asthma classes (Table 2). While a posisisecaation between hs-CRP and BMI was
observed among SAPALDIA participants, ANCOVA wittfCA-derived asthma classes as
factor and BMI and sex as covariates did not idgnéisthma classes as a statistically
significant determinant of hs-CRP (data not shov@i)ese asthmatics have often shown a
dissociation between symptoms and biomarkers ofiagirinflammation such as sputum
eosinophil count or exhaled nitric oxide (35, 3&uggesting a distinct underlying

inflammatory mechanism. A recent study also regbttegat airway inflammation was not
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elevated in obese asthmatics (37). Elucidationhef pathophysiology linking obesity to

asthma requires further studies paying attentighédeterogeneity of asthma phenotypes.

Our results might also be biased due to the fadtdhese individuals may be over-diagnosed
with asthma. Obesity is thought to cause physicklgimpairments in lung function such as
reduced lung volumes and chest wall restrictior) €&l dyspnoea caused by obesity-related
impairments may be mistaken for asthma (39). Howeweour study, PBF showed a strong
association to symptom-presenting asthma phenotgwes if adjusted for BMI. This
suggests that the obesity-asthma relationship issalely attributed to the impaired lung
function caused by obesity. Moreover, we also olebdecrease in F§26 predicted, but
not in FVC% predicted, in symptom-presenting asthetesses, suggesting that obesity-
asthma association is likely due to the airway amination rather than mechanical
impairments. Independent evidence also showedthieatisk of asthma over-diagnosis is not

higher among obese than non-obese (40).

Nevertheless, reverse causation remains a plausikpdanation for the obesity-asthma
association. One can suspect that asthmatics geightvas a side effect of systemic
corticosteroids, higher systemic inflammation, cedentary life style. However, the

commonly used asthma treatment, an inhaler, igyaoerally known to cause systemic side
effects (41). A more obvious hypothesis would bat thespiratory symptoms hinder

asthmatics from being physically active and heread Ito weight gain. Due to our study
design, we cannot demonstrate that obesity precededisthma onset. However, the obesity
effect observed in this study did not attenuaterwtie analysis was restricted to physically
active participants, suggesting that the obsensst@ation cannot entirely be explained by
reverse causation. Interaction analyses also shéwadohysical activity did not modify the

effect of obesity on the severe asthma classeaydksgs of obesity metrics used (data not

shown).

The effects of all five obesity measures becan@nger when the analyses were restricted to
stably overweight participants. This seems to stippe causality of the association between
obesity and persistent multiple symptom-presentagihma. Recent findings from a
Mendelian randomisation approach point to the daysaf the association in childhood
asthma (42). However, in order for a conclusiveseaunference, further biological and

epidemiological studies are required.
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Conclusion

We demonstrated that LCA is a useful tool to disegle the heterogeneity of asthma
phenotypes. Four LCA-derived asthma classes wetenguished mainly by disease activity
and atopic status. We observed heterogeneous assosiwith obesity across LCA-derived
classes, indicating possible aetiological diffeemdviost obesity measures showed a positive
association with symptom-presenting asthma clabsésot with symptom-free ones. PBF
was better than BMI in explaining persistent mlgtipymptom-presenting asthma class. The

obesity-asthma association was stronger amongdbé/ ©verweight.
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Administrative staff: N. Bauer Ott, C. Gabriel and R. Gutknecht.

FIGURE 1 Flow chart of inclusion and exclusion criteria. ® As sensitivity analyses, LCA
applied to 677 physician-diagnosed asthmatics instead of 959 self-reported asthmatics or to
472 asthmatics who reported either asthma attack in the last 12 months or current asthma
medication at least once from baseline to the second follow-up.

FIGURE 2 Odds ratio for 1 SD increase in each of five obesity measures before and after
restriction to the stably overweight participants, adjusted for age, sex, smoking status,

educational level, and area of examination.

TABLE 1 Class-conditional probabilities for each of the manifest variables.

class 1 class 2 class 3 class 4
asthma attack in the last 12 months 58.6 29.4 5.1 4.1
current asthma medication 56.2 38.2 5.7 7.3
number of asthma symptoms | 1 — 2 symptoms 2.1 84.4 19.2 9.2
in the last 12 months > 2 symptoms 96.3 0.0 0.7 0.0
number of asthma symptoms | 1 — 2 symptoms 36.0 72.1 5.5 10.6
reported at least twice > 2 symptoms 57.2 8.0 15 1.2
positive skin prick test at baseline 44.9 48.2 100.0 7.2
nasal allergy including hay fever 64.6 61.0 85.5 314
age of asthma onset = 16 years 75.2 66.8 51.7 57.2

All values are presented in per cent. Class 1: persistent multiple symptom-presenting asthma; Class 2:
symptom-presenting asthma; Class 3: symptom-free atopic asthma; Class 4: symptom-free non-atopic

asthma.
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TABLE 2 Characteristics of four LCA-derived asthma classes.

persistent multiple
symptom-presenting
asthma (class 1)

symptom-presenting
asthma (class 2)

symptom-free atopic
asthma (class 3)

symptom-free non-atopic
asthma (class 4)

non-asthmatics

men women men women men women men women men women
N 43 (35.2) 79(64.8) | 132(45.5) | 158(54.5) | 164(55.8) | 130(44.2) | 109 (43.1) | 144 (56.9) | 3458 (48.3) | 3702 (51.7)
age at baseline [years] 40.8+135 | 38.9+109 |39.9+11.8 | 41.5+11.6 | 37.9+11.7 | 37.3+11.6 | 41.6+ 11.2 | 41.0+11.1 | 408+11.6 | 41.6+115
_ Low 4(9.3) 11 (13.9) 7(5.3) 13(8.2) 8(4.9) 11 (8.5) 5 (4.6) 12 (8.4) 193 (5.6) | 451(12.2)
edfe‘ifgl"’” Middle 25 (58.1) 50 (63.3) 74 (56.1) 114 (72.2) 77 (47.0) 81 (62.3) 67 (61.5) 106 (74.1) | 2098 (60.7) | 2617 (70.8)
High 14 (32.6) 18 (22.8) 51 (38.6) 31 (19.6) 79 (48.2) 38 (29.2) 37 (33.9) 25(17.5) | 1166 (33.7) | 630 (17.0)
_ never smoker 18 (41.9) 31(39.7) 42 (31.8) 74 (46.8) 68 (41.5) 66 (50.8) 36 (33.0) 66 (45.8) | 1145(33.2) | 1823 (49.6)
Sg:g{‘u'gg former smoker | 18 (41.9) 30 (38.5) 68 (51.5) 62 (39.2) 62 (37.8) 48 (36.9) 57 (52.3) 52(36.1) | 1420 (41.2) | 1114 (30.3)
current smoker 7 (16.3) 17 (21.8) 22 (16.7) 22 (13.9) 34 (20.7) 16 (12.3) 16 (14.7) 26(18.1) | 885(25.7) | 742(20.2)
physical insufficient 11 (32.4) 21 (28.8) 28 (24.3) 42 (29.8) 25 (19.8) 26 (27.7) 13 (14.4) 34(28.8) | 732(26.6) | 851(3L2)
activity sufficient 23 (67.6) 52 (71.2) 87 (75.7) 99 (70.2) | 101(80.2) | 68 (72.3) 77 (85.6) 84 (71.2) | 2023 (73.4) | 1876 (68.8)
hs-CRP* [mg/L] 22+22 21t21 14%15 24+2.3 15+16 15+15 13£14 1.9£20 15+17 1.8+1.9
airway obstruction (GOLD) 16 (57.1) 30 (52.6) 53 (50.5) 60 (48.4) 44 (38.6) 26 (28.6) 35 (43.2) 41(38.0) | 683(27.9) | 500 (21.3)
FEV1%pred. | 88.0+17.6 | 91.6+18.3 | 86.1+19.5 | 92.0+14.0 | 948+143 | 97.5+11.6 | 97.8+143 | 99.0+ 154 | 99.9+12.9 | 100.8 +13.4
lung FVC% pred. | 96.4+11.1 | 97.0+14.0 | 955+14.1 | 97.1+13.4 | 985+11.7 | 99.9+11.7 | 101.5+11.7 | 101.3+ 14.7 | 100.6+ 12.4 | 100.5 £ 13.2
function at FEVL/FVC 073+0.11 | 0.78+0.11 | 0.73+0.12 | 0.77+0.08 | 0.77+0.09 | 0.80+0.07 | 0.77+0.08 | 0.79+0.07 | 0.79+0.07 | 0.82+0.07
baseline |"cer - ohpred. | 76.1+385 | 848+328 | 76.4+31.0 | 81.8+ 295 | 90.3+29.7 | 9154254 | 93.0+33.5 | 94.0+28.7 | 100.4+28.8 | 103.1+28.7
BHR 13 (68.4) 23 (51.1) 34 (41.5) 58 (55.2) 51 (37.2) 50 (54.9) 18 (22.0) 35 (32.4) 236 (8.6) | 506 (18.5)

Data are presented as mean + standard deviation or number of subjects (%). Unless otherwise noted, information was retrieved from SAPALDIA3 but
complemented from SAPALDIAZ2 for those who did not participate in SAPALDIA3. * Only available in SAPALDIA2. hs-CRP: high-sensitive C-reactive protein;
FEV1: forced expiratory volume in one second; FVC: forced vital capacity; FEF,s5 75: forced expiratory flow between 25% and 75% of FVC, BHR: bronchial

hyperresponsiveness.
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TABLE 3 Odds ratio for 1 SD increase in each of five obesity measures after adjustment for
age, sex, smoking status, educational level, and area of examination.

class 1

class 2

class 3

class 4

BMI

1.32[1.09, 1.60]

1.23[1.08, 1.41]

1.01[0.85, 1.19]

1.04[0.88, 1.21]

PBF

1.63[1.21, 2.20]

1.47 [1.21, 1.78]

0.96 [0.78, 1.19]

0.98[0.79, 1.21]

adjusted for BMI

1.57 [0.96, 2.56]

1.49 [1.09, 2.04]

0.88 [0.63, 1.23]

0.86 [0.62, 1.21]

WHR

1.29[0.98, 1.71]

1.46 [1.23, 1.75]

0.98 [0.78, 1.22]

0.79 [0.64, 0.98]

adjusted for BMI

1.13[0.82, 1.55]

1.38[1.14, 1.68]

0.96 [0.75, 1.23]

0.73[0.58, 0.93]

wC

1.40 [1.10, 1.77]

1.42 [1.22, 1.66]

1.01[0.83, 1.21]

0.93[0.77, 1.13]

adjusted for BMI

1.21[0.74, 1.97]

1.79 [1.30, 2.46]

0.99 [0.69, 1.41]

0.69 [0.48, 0.98]

WHIR

1.41[1.14, 1.75]

1.38[1.19, 1.59]

1.03 [0.86, 1.23]

0.97 [0.82, 1.16]

adjusted for BMI

1.41[0.87, 2.26]

1.73[1.26, 2.38]

1.09 [0.76, 1.57]

0.78 [0.55, 1.11]

95% confidence intervals are in square brackets. Note that the odds ratios are obtained from
multinomial logistic regression with non-asthmatics as reference category, and hence they are
conditional on either being non-asthmatic or respective class. Class 1: persistent multiple symptom-
presenting asthma; Class 2: symptom-presenting asthma; Class 3: symptom-free atopic asthma;

Class 4: symptom-free non-atopic asthma.
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9651 subjects participated at baseline

|

8254 subjects participated in either
the first or the second follow-up
or both

v

7160 subjects never answered ‘yes’
to the question ‘have you ever had
asthma?’ (‘non-asthmatics’)

Y

1094 subjects answered ‘yes’ to the
question ‘have you ever had asthma?’
either at baseline or in the first or
second follow-up (‘asthmatics’)

Y

8 959 asthmatics were included
in the LCA

135 subjects with missing information

for skin prick test, self-reported nasal

allergy, or age of asthma onset were
excluded

343 asthmatics and 3193 non-
asthmatics with missing
information for BMI, PBF, WHR,
WC, WHtR, age, sex, education,
smoking status, area of
examination were excluded

v

3967 non-asthmatics were included
in the multinomial logistic regression
analyses

Y

616 asthmatics were included
in the multinomial logistic regression
analyses
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L CA identifies asthma phenotypes distinguished by disease activity and atopic status
Association to obesity is heterogeneous across L CA-derived asthma phenotypes

PBF shows a stronger association to asthmathan BMI



	Binder1.pdf
	gr2


