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Background: Insulin-like growth factor-1 (IGF-1) plays a key role in the pathogenesis of
metabolic syndrome (MS), which is in turn associated with asthma. Whether IGF-1 contributes
to asthma causation or asthma severity is largely unknown.

Objective : To examine the relation between serum IGF-1 and asthma, asthma outcomes, and
lung function in adults.

Methods: Cross-sectional study of 297,590 adults (aged 40-69 years) who participated in the
United Kingdom Biobank, had no diagnosis of diabetes, and were not on insulin. Multivariable
logistic or linear regression was used to analyze serum IGF-1 and physician-diagnosed asthma,
current wheeze, asthma hospitalizations, and lung function measures (FEV 1, FVC and FEV 1
JFVC).

Results: Serum IGF-1 levels above the lowest quartile (Q1) were significantly associated with
lower odds of asthma (adjusted odds ratio [aOR] for fourth quartile (Q4) vs. Q1=0.88, 95%
confidence interval [CI]=0.85-0.91). Among participants with asthma, IGF-1 levels above Q1
were significantly associated with lower odds of current wheeze (aOR for Q4 vs. Q1=0.89, 95%
Cl=0.83-0.96), but not with asthma hospitalizations. Serum IGF-1 was significantly and positively
associated with FEV 1 (b=20.9 mL, 95%CI=19.1-22.7) and FVC (b=25.6 mL, 95%Cl|=23.4-27.7),
regardless of an asthma diagnosis; these associations were significant in men and women, with
larger estimated effects in men.

Conclusion: In a large study of British adults, higher serum IGF-1 levels were associated with
lower odds of asthma and current wheeze, and higher FEV 1 and FVC. Our findings suggest
potential beneficial effects of circulating IGF-1 on asthma and asthma outcomes in adults.
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INTRODUCTION

Asthma affects approximately 339 million childrerdaadults worldwide Total yearly asthma
costs exceed $81 billion dollars in the U.&1d ~72 billion Euros in Europén the United
Kingdom (U.K.), 1.1 million children and 4.3 millicadults currently receive treatment for
asthma, and the disease leads to 93,000 hosplitatiggoer year and at least £1.1 billion medical
care costs annuafly. While asthma mortality has been reduced in mgstgroups, a recent

study reported a rise in deaths from asthma antumgltlerly in England and Wafes

Insulin-like growth factors (IGFs) play an importanle in metabolism and growti. Through
bi-directional interactions with the immune systé@®Es can contribute to the pathogenesis of
diseases such as cancer, cardiovascular disosfetsnflammatory lung diseaséd IGF-1
(somatomedin C) is a 70-aminoacid polypeptide withilar sequence and molecular structure to
insulin. IGF-1 production primarily occurs in thedr and is induced by growth hormone (GH).
IGF-1 can act as a hormone that mediates anabditirzear growth, thus promoting cell growth

and differentiation ** IGF-1 also regulates the metabolism of glucoskligids’.

Although IGF-1 deficiency has been linked to metab®/ndrome (MS), which has in turn been
associated with asthma, few human studies havstigated the role of IGF-1 in asthma
pathogenesis. IGF-1 may play a role in asthma bgutading airway inflammation, airway
hyperresponsiveness, and airway smooth hyperpfasianurine models of asthma, IGF-1 is
upregulated in lung tissue, and administrationGf-1-neutralizing antibodies ameliorates
airway resistance and inflammatfonin anin vivo study, IGF-1 promoted airway inflammation

by upregulating IGF binding protein 3 (IGFBP-3),ialhcan have profibrotic effecfs A recent
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case-control study reported that serum IGF-1 wglkdriin subjects with asthma than in control
subjects, but those findings must be cautiouskrpreted due to small sample size and potential
bias by confoundin'd. In contrast to those results, serum IGF-1 wagipely associated with

lung function in two epidemiologic studies in adtfit'®

Given inconsistent findings for a potential rolelGF-1 in asthma pathogenesis from animal and
epidemiologic studies, we examined the relatiomnvbeh peripheral serum IGF-1 and asthma,
current wheeze, asthma hospitalizations, and lungtion in 297,590 non-diabetic British adults

aged 40 to 69 years.

METHODS

Study design and study population

The UK Biobank is a national, prospective, popolatbased study established to identify
determinants of complex diseases and improve thkhheutcomes of British adults.
Approximately 9.2 million individuals aged 40-69ays who lived within 25 miles of twenty-
two assessment centers in England, Wales, andaBdatlere invited to enter the cohort, and
~500,000 (5.5%) of those 9.2 million people voleneésl to participate in the baseline
assessmefft. Extensive data, including questionnaires, ptajsizeasures, and biological
samples were collected at baseline, with longitaidiollow-up for a wide range of health-related
outcome®’. The UK Biobank was approved by the UK Nationahltte Service National
Research Ethics Service (Ref 11/NW/0382) and inémfronsent was obtained from all
participants. Details of the methods, protocolsl definitions used in the study can be found at

the UK Biobank website (https://www.ukbiobank.ad)uk
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The current study was conducted using the UK Bikli&@source under application #43252. The
flowchart for selection of participants from the Bobank into the current analysis is shown in

Figure 1. Of 502,506 participants recruited at baselin€,290 were not pregnant, had neither a
diagnosis of diabetes nor reported use of insahid, had complete information on asthma status

and IGF-1 levels, and were thus included in theeniranalysis.

Outcomes

Asthma was defined by selection of “asthma” asreawar to the following question: “Has a
doctor ever told you that you have had any of tlewing conditions: blood clot in the leg,
blood clot in the lung, emphysema/chronic bronshdisthma, hay fever, allergic rhinitis or
eczema?” Control subjects were participants whandidselect “asthma” as an answer to the
guestion above. Current wheeze was defined as & ‘&feswer to the following question: “In the
last year, have you ever had wheeze or whistlirtherchest?” In subjects with asthma, a
hospitalization for asthma was defined as everritalind a hospitalization with an International
Classification of Diseases Clinical Modificatiol©(D) code of main diagnosis compatible with
asthma (ICD-9: 493.x or ICD-10: J45.x and J46.xgleding hospitalizations with an ICD code
for a main diagnosis consistent with chronic olgine pulmonary disease (COPD, ICD-9: J43,
J44, J47 or ICD-10: 490, 491, 492, 494, 496). atasthma hospitalizations were available
before (range=0 to 27 years, median=6 years) dad @nge=1 to 9 years, median=4 years) the

participant’s IGF-1 measurement.
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Spirometry was performed using a Vitalograph Pneueds800 spirometer (Vitalograph Ltd.,
Buckingham, England), following European Respinat®ociety/American Thoracic Society
criteria for acceptability and reproducibifity Participants were excluded from spirometry
testing if they were being treated for tuberculosisf they had a chest infection in the last
month, history of a detached retina, a heart attapk surgery, collapsed lung or a
pneumothorax, or surgery in the chest or abdomdimeiprevious 3 months. Participants with
extreme values for FEMor FVC (< £ or > 99" percentile) were excluded from the analysis of

lung function measures.

Peripheral serum insulin-like growth factor-1

The UK Biobank collected blood samples during taedline assessment ViéitSerum IGF-1

was measured at the UK Biobank central laboratgrg bne-step sandwich chemiluminescent
immunoassay, on a DiaSorin Liaison XL (Diasorin.8,Borsa Italiana). Internal quality

control and external quality assurance schemes ugs@ to verify assay performance. Samples
with results exceeding the reportable range ogsay were diluted and re-analyzed (automatic
dilution)*®. Serum glycated hemoglobin Alc (HbAlc) was meabsbrehigh-performance liquid
chromatography on a Bio-Rad VARIANT Il Turbo hemalgh testing system. Serum high
sensitivity C-reactive protein (CRP) was measurngdrbmuno-turbidimetric method on

Beckman Coulter AU5800 analyzer (Beckman Coultét, Lid).

Statistical analysis
Bivariate analyses were conducted using two-sidatt\Wwhi-square tests or t-tests, as

appropriate. Logistic regression was used for th#ivariable analyses of serum IGF-1 (as
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guartiles) and asthma, current wheeze, and atdeasasthma hospitalization (ever). Known or
potential confounders of the relation between IG&nd asthma were included in the
multivariable models. All models were adjusteddge, sex, race/ethnicity (Caucasian vs. other),
annual household income £31,000 vs> £31,000 per year, near the median household income
for the UK in 2018, body mass index (BMI), smoking status (nevemfer, or current), pack-
years of cigarette smoking, serum levels of HbAdd @RP, and season and time of the day
when the samples were collected (to account fdy dad seasonal variation). MS was defined
by the presence of at least 3 of the followingeeré: fasting glucose level of 110 mg/dL or
greater, waist circumference value greater thanch®@ men or 88 cm in women, triglyceride
level of 150 mg/dL or greater, high-density lipoj@ias (HDL) level less than 50 mg/dL in men
or 40 mg/dL in women, and either systolic bloodsgrge of 130 mmHg or greater or diastolic
blood pressure of 85 or gredterfter the final models were built, we tested éorinteraction
between IGF-1 and sex, obesity, or MS. Linear r&gjom was used for the multivariable

analysis of IGF-1 and lung function measures (foreepiratory volume in 1 second [FEHY

forced vital capacity [FVC], and FEXFVC), which was first conducted in all subjectsgdahen
separately in subjects with and without asthma. &fetbr lung function measures were adjusted
for an asthma diagnosis (in all participants), @ge, race/ethnicity, annual household income,
BMI, smoking status, pack-years of cigarette smgkserum levels of HbAlc and CRP, and
season and time of the day when the samples wleeted. Models for FEYand FVC were

additionally adjusted for height and height squared

Because 142,170 (32%) of the eligible participavese excluded from the analysis due to

missing data for covariateBigure 1), a multiple imputation procedure was used toudel
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those participants in a sensitivity analysis. Ayfaonditional specification (FCS) method was
used to create five imputed datasets, and regreasayses were then repeatedly performed for
each of these five datasets. Final results werergéed by combining five sets of regression
coefficients using Rubin’s combining ruf@sAll statistical analyses were conducted using SAS

9.4 (SAS Institute Inc., Cary, NC) and two-sidegides <0.05 were considered significant.

RESULTS

Table 1 shows the main characteristics of the study ppdids by asthma status. Of the 297,590
participants, 34,023 (11.4%) reported having phgsitliagnosed asthma (hereinafter referred to
as “asthma”). Compared to control subjects (n=2&68,5participants with asthma were younger
and more likely to be female, non-Caucasian, amdauwsrent smokers; and to have higher BMI
and higher serum HbAl1c and CRP levels, but lowermsdGF-1 and lower lung function
measures (FEV FVC and FEY/FVC). Participants with asthma were also morelyike have

MS. Serum IGF-1 decreased with age in both womemaen, regardless of asthma status

(Figure?2).

The results of the multivariable analysis of sel@k-1 and asthma are shownHigure 3. In

this analysis, participants whose IGF-1 level wasva the first (lowest) quartile (Q1) had 7% to
12% significantly lower odds of asthma than thogé Vevels in the first quartile (e.g., adjusted
odds ratio [aOR] for the fourth or highest quartite the first quartile=0.88, 95% confidence
interval [CI]=0.85-0.91). Because of significant difccation of the estimated effect of IGF-1 on
asthma by sex (P for interaction=0.01), we repetitednalysis after stratification by sex. In this

analysis, women whose IGF-1 level was above tisé duartile had 5%-11% lower odds of
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asthma than those whose levels were in the firsttdg, and men whose IGF-1 level was above
the first quartile had 9%-15% lower odds of astlihan those whose levels were in the first
quartile. We found no significant modification bietestimated effect of IGF-1 on asthma by

obesity (defined as BMt30 kg/m?, P for interaction P=0.74).

To reduce the impact of potential misclassificaditCOPD as asthma, we repeated the
multivariable analysis of asthma after stratifioatby smoking status (current smokers vs. never
smokers and former smokers with <10 pack-yearsgafrette smoking), obtaining similar results
(Table 2). Similar results were obtained after excludingipgants with a self-reported

diagnosis of emphysema or chronic bronch#3 @ble 1). In another sensitivity analysis, we
repeated the multivariable analysis of serum IG#d asthma after imputing data for missing
covariates in all eligible participants (n=439,76D0is analysis yielded similar results to those

from the analysis that excluded participants witksimg covariates{Table 1).

Table 3 shows the results of the multivariable analysisestim IGF-1 and current wheeze or at
least one asthma-related hospitalization. In thaysis, participants with asthma whose IGF-1
level was above the first quartile had 11%-12% loadds of current wheeze (aOR for the

fourth vs. the first quartile=0.89, 95% confidematerval [CI]=0.83-0.96). This association was
significant in both women and men. Serum IGF-1 n@sassociated with having ever had an
asthma hospitalization (in the whole cohort oracstesex). Furthermore, there was no significant
association between IGF-1 and subsequent asthrnpitdiazstions (i.e. those occurring after
IGF-1 was measured) or asthma hospitalizationsrdogueither one year prior to or after the

IGF-1 measuremené{(Table 2).



161  To examine whether the estimated effect of the 1G# asthma or asthma outcomes is modified
162 by MS, we conducted a separate analysis that iedliS in the multivariate models. This

163  analysis yielded similar results to those fromdhalysis that did not include MS in the models
164 (Table4). There were no significant interactions betweBR-IL level and MS on asthma

165  (P=0.24), current wheeze (P=0.75), or asthma-rladspitalizations (P=0.72).

166

167  Table 5 shows the results of the multivariable analysikinf function measures in all

168  participants and separately in subjects with atdiout asthma. Among all participants, each
169 quartile increment in IGF-1 was significantly assted with an increment of 21-26 ml in FEV
170  or FVC, with similar findings in subjects with ontlwout asthma. There was a significant

171  interaction between sex and IGF-1 on lung functi@asures (P for interaction <0.05 in all

172 instances). In the analysis stratified by sex, epdrtile increment in serum IGF-1 was

173 significantly associated with 16-20 mL increased/fFEr FVC in women, and 28-34 ml

174  increased FEYor FVC in men. We obtained similar results in eoselary analysis of lung

175  function in which Global Lung Function Initiativ&(I) z-scores were calculated for lung

176  function measureg(Table 3).

177

178  DISCUSSION

179  Among adult non-diabetic participants in the UK Baok, a higher peripheral serum IGF-1
180 levels was significantly associated with lower odfiphysician-diagnosed asthma and current
181  wheeze, independently of BMI, HbAlc, and other po&t confounders. Moreover, serum IGF-

182 1 was significantly and positively associated viaEEV; and FVC in adults of both sexes, with
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larger effect estimates in men. To our knowlediyis, is the first large epidemiological study of

serum IGF-1, asthma, and asthma outcomes.

Our findings are consistent with some but not abhmpstudies of IGF-1 and lung function. In a
population-based survey of 1,326 German healthjt@dged 20 to 79 years, IGF-1 was
positively associated with FE\and FVC®, A similar association was found in women, butyonl
in those 50 years and old@rin another study of 843 Welsh men aged 45 toe&®s; the IGF-1
to IGFBP-3 ratio was positively associated with REEWC. However, that study did not include
women and no information was collected on asthmas®. Others have reported similar results
in other pulmonary diseases, as serum IGF-1 watvyeg associated with percent-predicted
FEV; before and after the treatment of children withticyfibrosi$’. Our multivariable analyses
reported positive associations between serum I@RelFEV or FVC in both sexes, regardless
of a diagnosis of asthma, with larger effect esteman men. Our sex-specific results may be
explained by larger airway diameter and lung volsmmemen than in women, as well as

differences in the levels of sex steroid horméhes

In contrast to our finding of an inverse associatietween IGF-1 level and asthma or wheezing,
a case-control study of 50 subjects reported dipesissociation between serum IGF-1 and
asthma, and a negative correlation between IGFd1IF&V,/FVC and asthma contrd|

However, that study was limited by small sample sind under-representation of males (3/27
cases and 4/23 controls), having IGF-1 levels ielibw the expected normal range, and lack of

analyses unadjusted for potential confounders.
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206  Despite the dearth of epidemiological and clingtaldies of IGF-1 and asthma, there is

207  substantial preclinical evidence of a potentiaérol IGF-1 in asthma pathobiology. In an ovo-
208  albumin (OVA)-induced murine model of asthma, IGIds upregulated in the airways, and
209  administration of IGF-1 neutralizing antibodies ioped airway resistance, airway

210 inflammation, and airway wall thickening. An incseain IGFBP-3, an inhibitor of cell growth
211 and promoter of apoptosis, was also observed @k challengé®. In vivo, IGFBP-3 has been
212 shown to be induced by IGF-1, and IGFBP-3 levellieen found to increase in airway

213 epithelial cells of patients with asthma as comgaeeindividuals without asthm In another
214  murine model of asthma, IGH. in the lungs was upregulated by interleukin (33)-and such
215 elevated IGF/1 was predominantly derived from alveolar macrogsad/loreover, IGF-1

216  prevented the phagocytosis of apoptotic cells bgahr epithelial cells and increased the

217  release of inflammatory contents of apoptotic ¢cédlading to increased airway inflammation
218 %% Thus, findings from preclinical experimental sesisuggest that increased IGF-1 or IGF-1
219  receptor signaling increase asthma risk, whilelte$tom the current study and other

220 epidemiologic studies suggest that IGF1 is assediaith lower risk for asthma.

221

222 The apparent paradoxical findings for IGF-1 andhaist could be partly explained by the fact
223 that preclinical models have measured IGF-1 inudhg, while epidemiologic studies have

224  assessed peripheral (circulating) serum IGF-1 $ewehich could plausibly have different effects
225 on immune responses and airway inflammation. Mageaw bidirectional feedback between
226 IGF-1 and T helper (Th) 2 cytokines may contribat¢he conflicting findings of experimental
227  and epidemiologic studies. Anvitro study reported that IL-17F induces expressiorGdéi-IL in

228  bronchial epithelial cells, while both IL-4 and I3 enhanced IL-17F-induced IGF-1 expression,

10
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229  suggesting that an IL-17F/IGF-1 axis may contriiotpulmonary allergic respon$ésOn the

230 other hand, a negative feedback between proinflaompnaytokines and IGF-1 has been

231 suggestetf. Tumor necrosis factor (TNF)-and IL-18 can decrease IGF-1 sensitivity by

232 enhancing IGFBP production and impeding IGF-1 bigdb its receptor IGF-1R through an

233 insulin receptor substrate (IRS) — Akt pathwaycdmtrast, IGF-1 can suppress proinflammatory
234  cytokine signaling by increasing IL-10 secretiordoectly via c-Jun N terminal kinase (JNK)
235 and NF«B pathway¥’.

236

237  Proinflammatory cytokines implicated in IGF-1 réaisce may further explain potential

238  beneficial effects of IGF-1 on respiratory healthnii epidemiologic studies, which were not

239  considered in preclinical IGF-1 models. Lower IGletels have been associated with

240 characteristics of MS, including higher waist-t@-natio, triglycerides levels, and systolic and
241 diastolic blood pressure, as well as impaired inssgnsitivity in non-diabetic individudfs MS
242  was associated with a 34% increase in asthmatundg sf 4,060 elderly Koreansg5 years),

243  and this association was substantially mediateithéylin resistance and systemic

244  inflammatiorf>. In a study of adolescents with and without asthreapreviously reported that
245  insulin resistance is negatively associated with F&nd FVC, and that MS is associated with
246  lower FEWW/FVC®*. The absence of effect modification of MS in onalgsis also highlights the
247  importance of metabolic signaling pathways in lineglth independent of MS or overt diabetes.
248  Collectively, these findings support further invgation of how the endocrine system modulates
249  key immune responses in asthma.

250

11
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Our study has several limitations. First, we carexamine temporal relationships in this cross-
sectional study. Second, IGFBP-3 can modulate I®availability or function, and it was not
measured in the UK Biobank. Circulating IGF-1 isibd to one of seven IGF binding proteins,
of which IGFBP-3 is the most abundirind the IGF-1/IGFBP-3 ratio may represent a bette
index for metabolic risk. Third, the fasting time of UK Biobank participantaried (median =3
hours). Therefore, MS assessment was not idealristady, as fasting glucose levels should be
measured after at least 8 hours of fasting. Howeverexcluded subjects with diabetes or taking
insulin, and adjusted for HbAlc in our models to@amt for undiagnosed diabetes. Fourth, a
“healthy volunteer” selection bias has been suggeftr the UK Biobank, and thus our findings
may not be generalizable to the British populatiblarge. Compared with the general
population, UK Biobank participants were less k&l be obese or to smoke, and had fewer
self-reported health conditioffsLastly, we lack data on several potential coné®rs, including
allergic sensitization, environmental exposurertdaerine disruptors, physical activity, and use
of medications such as metformin or corticosterdittsvever, we excluded participants who
were diagnosed with diabetes or who used insutid,thus the number of participants on
metformin (if any) would be small. Moreover, we aipied similar results in a sensitivity

analysis excluding participants who reported curtese of asthma medications (data not shown)

In summary, higher serum IGF-1 levels are assatiaith lower odds of physician-diagnosed
asthma and current wheeze in middle-aged and Bldtsh adults in the UK Biobank. In this
population, higher IGF-1 levels are also associati¢hal higher FEVf and FVC, with a slightly
larger estimated effects in men. Given oppositalte# prior preclinical studies, our findings

warrant further assessment in longitudinal stutieliding young and old adults.

12
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FIGURE LEGENDS

Figure 1- Flowchart for selection of the UK Biobank participants included in the current analysis

Figure 2- Serum levels of IGF-1 in women and men, by age group and asthma status

Figure 3- Multivariable analysis of IGF-1 and asthmain all participants, and separately in
women and men.

Footnote:

Q=quartile. All models adjusted for sex (in al participants), age, ethnicity, annual household
income, body mass index, smoking status, pack-years of cigarette smoking, the season of the
examination, the time of the day when the examination was performed, serum level of glycated

hemoglobin Alc, and C-reactive protein.



Table 1.Characteristics of study participants, by asthma situs

Characteristics

Asthma (n=34,023)

Controls (n=263,567)

Age at recruitment
Female sex

Ethnicity

Caucasian

Other
Annual household income£30,000
BMI (kg/m?)

Obesity (BMI > 30 kg/rf)
Smoking

Never
Former

Current
Pack-years of cigarette smoking
IGF-1(nmol/L
HbAlc (mmol/mol)
CRP (mg/L)
Metabolic syndrome
FEV1 (ml)'
FVC (ml)f
FEVY/FVC (%)
Wheeze in the last year

Asthma-related hospitalization, ever

55.0 + 8.2
19394 (57.0)

32517 (95.6)
1512 (4.4)
16083 (47.3)
27.8+5.1
9094 (26.9)

21981 (64.6)
8983 (26.4)

3059 (9.0)
8.1+15.6
21.4+5.8
35.3+46
3.0+49
8496 (29.2)
2677 + 725
3682 + 929
725+7.6
21991 (65.5)
1086 (3.4)

55.9 + 8.1
141031 (53.5)

252582 (95.8)
11019 (4.2)
124012 (47.1)
27.1+4.5
57050 (21.8)

170159 (64.6)
67130 (25.5)
26278 (10.0)

7.9415
21.6+5.6
35.1+4.6
2.5+ 4.1

59055 (26.3)

2913 + 724

3837 + 919
76.1+5.9

Abbreviations: BMI, body mass index; IGF-1, insdliike growth factor 1; HbAlc, glycated

hemoglobin Alc; CRP, C-reactive protein; FEf6rced expiratory volume in one second; FVC,

forced vital capacity

Results are shown as mean + standard deviationf(8Bpntinuous variables, and as N (%) for

binary variables’Numbers (%) may vary due to missingness.

" P <0.05 for comparison of participants with cutr@sthma vs. controls, within each study cohort.



Table 2. Multivariable analysis of IGF-1 and asthmaby smoking status

Never smoker and

Current smokers former smokers with < 10
(n=29,337) pack-year cigarette smoking
(n=214,907)
IGF-1 quartile (nmol/L) Odds Ratio (95% Confidence Interval)
Q1 (<17.8) 1.0 1.0
Q2 (17.8-< 21.5) 0.86 (0.78-0.95) 0.95 (0.91-0.98)
Q3 (21.5- < 25.0) 0.80 (0.72-0.89) 0.92 (0.88-0.95)
Q4 & 25.0) 0.77 (0.69-0.88) 0.89 (0.85-0.92)

Abbreviation: IGF-1, insulin-growth like factor 1

All models adjusted for age, sex, ethnicity, anmhalsehold income, body mass index, pack-
years of cigarette smoking (in current smokers) ,gbason of the examination, the time of the
day when the examination was performed, serum [@&vglycated hemoglobin Alc, and C-
reactive protein.

"P <0.01P for trend <0.05



Table 3. Multivariable analysis of quartiles of seum IGF-1 level and asthma outcomes in

participants with asthma (n=34,023)

All participants Women Men
IGF-1 quartile (Q), nmol/L Odds Ratio (95% Confidence Interval)
Wheeze in the last year n=21,991 n=12,477 n=9,514
Q1 (< 17.4) 1.0 1.0 1.0
Q2 (17.4-< 21.2) 0.88 (0.83-0.95) 0.90 (0.82-0.97)  0.87 (0.78-0.97)
Q3 (21.2-<24.8) 0.88 (0.83-0.95) 0.89 (0.82-0.98)  0.87 (0.78-0.97)
Q4 ¢ 24.8) 0.89 (0.83-0.98)  0.92 (0.84-1.00)  0.87 (0.78-0.97)
At Iegst_one_ asthma-related n=1,086 n=713 n=373
hospitalization
Q1 (< 17.4) 1.0 1.0 1.0
Q2(17.4-<21.2) 0.98 (0.82-1.16) 0.95 (e17%7) 1.04 (0.75-1.44)
Q3 (21.2-<24.8) 1.18 (0.99-1.40) 1.17 (019%4) 1.23 (0.90-1.68)
Q4 £24.8) 0.97 (0.81-1.17) 0.87 (0.69-1.10) 1.17 (A8®2)

Abbreviation: IGF-1, insulin-like growth factor 1

All models adjusted for sex (in all participan@ge, ethnicity, annual household income, body mass
index, smoking status, pack-years of cigarette smgpkthe season of the examination, the time of
the day when the examination was performed, seewel bf glycated hemoglobin Alc, and C-
reactive protein.

"P <0.5,'P <0.01P for trend <0.05



Table 4. Multivariable analysis of IGF-1 and asthmaand asthma outcomes adjusting for

metabolic syndrome

IGF-1 quartile (nmol/L)

All participants
(n=253,718)

Women
(n=135, 541)

Men
(n=118, 177)

Odds Ratio (95% Confidence Interval)

Asthma

Q1 (<17.8)

Q2 (17.8-<21.5)
Q3 (21.5-<25.0)
Q4 ¢ 25.0)

Participants with asthma
Wheeze in the last year

Q1 (< 17.4)

Q2 (17.4- < 21.2)
Q3 (21.2- < 24.8)
Q4 £ 24.8)

At least one asthma
-related hospitalization

Q1 (< 17.4)
Q2 (17.4- < 21.2)
Q3 (21.2- < 24.8)

n=29,146
1.0
0.94 (0.91-0.97)
0.90 (0.87-0.93)
0.88 (0.85-0.97)

n=18,824
1.0
0.87 (0.81-0.94)
0.89 (0.82-0.95)
0.87 (0.81-0.9%)

n=896

1.0
0.99 (0.82-1.20)
1.21 (0.99-1.46)

n=16,463
1.0

0.95 (0.91-0.99)

0.92 (0.88-0.97)

0.89 (0.85-0.94j

n=10,587
1.0

0.87 (0.80-0.96)

0.90 (0.82-0.99)

0.91 (0.83-1.01)

n=590

1.0
0.94 %01719)
1.14 161944)

n=12,683
1.0
0.92 (0.87-0.97)
0.87 (0.82-0.99)
0.85 (0.81-0.90§

n=8,237
1.0
0.87 (0.77-0.97)
0.86 (0.77-0.97)
0.83 (0.74-0.93)

n=306

1.0
1.12 (0.78-1.60)
1.37 (0.96-1.92)

Q4 £ 24.8) 1.01 (0.83-1.24)
Abbreviation: IGF-1, insulin-like growth factor 1

0.91 (0.71-1.17) 1.23 (LS%5)

All models adjusted for age, sex (in all particifgnethnicity, annual household income, body
mass index, smoking status, pack-years of cigasett&ing, the season of the examination, the
time of the day when the examination was perforrsedjm level of glycated hemoglobin Alc, C-
reactive protein, and metabolic syndrome. Analygtettified by sex, given evidence of effect
modification (P for interaction=0.01).

"P <0.05,P <0.01,P for trend <0.05



Table 5 — Multivariable analysis of IGF-1 and lungfunction measures

IGF-1 per quatrtile
increment

All participants
(n=212,462)

Women
(n=113,769)

Men
(n=98,693)

B (95% Confidence Interval)

All Participants
FEWL (ml)
FVC (ml)
FEVW/FVC (%)

Participants without asthma
FEV; (ml)
FVC (ml)
FEV//FVC (%)

Participants with asthma
FEV; (ml)
FVC (ml)
FEV//FVC (%)

20.9 (19.1, 22.7)
25.6 (23.4, 27.7)
0.01 (-0.02, 0.03)

n=188,123
20.8 (18.9, 22.7)
25.5 (23.2, 27.7)
0.003 (-0.02, 0.03)

n=24,339

21.37 (15.5, 27.2)
26.3 (19.8, 32.7)
0.03 (-0.05, 0.12)

15.9 (13.8, 17.9)
19.5 (17.0, 22.0)
0.001 (-0.03, 0.03)

n=100,031

15.9 (13.7, 18.1)

19.8 (17.1, 22.4)
-0.01 (-0.03, 0.02)

n=13,738

15.4 (9.0, 21.8)

17.6 (10.3, 24.9)
0.04 (-0.06, 0.14)

28.4 (25.3, 31.5)
34.0 (30.4, 37.6)
02)(-0.02, 0.06)

n=88,092
27.8 (24.6, 31.0)
33.2 (29.4, 37.0)

.02(-0.02, 0.05)

n=10,601
33.0 (22.5, 43.6)
40.2 (28.9, 51.6)

0(@.07, 0.21)

Abbreviation: IGF-1, insulin-like growth factor EEV;, forced expiratory volume in one second,;

FVC, forced vital capacity.

All models adjusted for asthma status (in all ggstints), age, sex (in all participants), ethnicity

annual household income, body mass index, smokatgss pack-years of cigarette smoking, the

season and the time of the day when the examinatsperformed, and serum level of glycated

hemoglobin Alc, and C-reactive protein. ModelsR&V; and FVC were additionally adjusted for

height and height squared.
"P <0.01



Figure 1
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missing covariates:
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Body mass index (n=5,879)

Smoking status (n=932)
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Figure 2
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Figure 3
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e-Table 1. Sensitivity analysis on IGF-1 and asthma

All participants Women Men

IGF-1 quartile (nmol/L) Odds Ratio (95% Confidence Interval)

Excluding participants with n=293,114 n=158,226 n=134,888
a diagnosis of emphysema
or chronic bronchitis

Q1 (< 17.6) 1.0 1.0 1.0

Q2 (17.6- < 21.3)
Q3 (21.3- < 24.9)
Q4 ¢ 24.9)

Multiple imputation

Q1 (< 17.6)
Q2 (17.6- < 21.3)
Q3 (21.3- < 24.9)
Q4 £ 24.9)

0.93 (0.90-0.97)
0.90 (0.87-0.93)

0.87 (0.84-0.90j

n=439,760
1.0

0.92 (0.90-0.95)
0.89 (0.87-0.92)

0.88 (0.85-0.907

0.95 (0.91-0.99)
0.91 (0.87-0.95)
0.87 (0.85-0.93j

n=242,249
1.0
0.92 (0.89-0.96)
0.91 (0.88-0.94)
0.89 (0.86-0.97j

0.92 (0.87-0.96)
0.87 (0.83-0.92)
0.85 (0.81-0.90§

n=197,511
1.0
0.92 (0.88-0.96)
0.88 (0.84-0.97)
0.86 (0.83-0.90§

All models adjusted for age, sex (in all particifgnethnicity, annual household income, body mass
index, smoking status, pack-years of cigarette smgpkthe season of the examination, the time of
the day when the examination was performed, seewsl bf glycated hemoglobin Alc, and C-
reactive protein.

"P <0.05,'P <0.05,P for trend <0.05



e-Table 2. Multivariable analysis of IGF-1 and astima hospitalization in participants with
asthma (n=34,023)

All participants Women Men
IGF-1 quartile (nmol/L) Odds Ratio (95% Confidence Interval)
>1 asthma hospitalization _ _ _
after IGF-1 measure n=440 n=208 n=154
Q1 (<17.4) 1.0 1.0 1.0
Q2 (17.4-<21.2) 0.88 (0.68-1.15) 0.87 (01620) 0.92 (0.57-1.48)
Q3 (21.2- < 24.8) 1.04 (0.80-1.35) 0.98 (01735) 1.16 (0.74-1.82)
Q4 £ 24.8) 0.82 (0.61-1.09) 0.82 (0.58-1.18) 0.84 (AL5A7)
>1 asthma hospitalization
1 year prior to or after IGF-1 n=147 n=95 n=154
measure
Q1 (<17.4) 1.0 1.0 1.0
Q2 (17.4-<21.2) 0.99 (0.62-1.59) 0.97 (e15B1) 1.03 (0.42-2.50)
Q3 (21.2- < 24.8) 1.32 (0.84-2.07) 1.14 (62630) 1.67 (0.75-3.76)
Q4 £ 24.8) 1.02 (0.62-1.68) 0.96 (0.52-1.78) 1.17 (@4D)

All models adjusted for age, sex (in all particifgnethnicity, annual household income, body mass
index, smoking status, pack-years of cigarette smgpithe season of the examination, the time of
the day when the examination was performed, seewel bf glycated hemoglobin Alc, and C-
reactive protein.

"P <0.5,'P <0.01}P for trend <0.05



e-Table 3 — Multivariable analysis of IGF-1 and luig function measures (as z-scores)

IGF-1 quartile

Women
(n=113,769)

All participants
(n=212,462)

Men
(n=98,693)

B (95% Confidence Interval)

All Participants
FEV; z-score
FVC z-score

FEWW/FVC z-score

Participants without asthma
FEW z-score
FVC z-score

FEWVI/FVC z-score

Participants with asthma
FEW z-score
FVC z-score

FEWW/FVC z-score

0.020 (0.016, 0.024) 0.021 (0.015, 0.026)
0.020 (0.017, 0.024)0.022 (0.017, 0.027)
0.002 (-0.001, 0.006) -0.002 (-0.@DBO2)

n=188,123 n=100,031
0.020 (0.016, 0.024) 0.020 (0.014, 0.026)
0.020 (0.016, 0.024)0.022 (0.016, 0.027)
0.003 (-0.004, 0.006) -0.004 (-0.(D602)

n=24,339 n=13,738
0.023 (0.010, 0.036) 0.025 (0.008, 0.042)
0.027 (0.015, 0.038) 0.025 (0.010, 0.040)
0.001 (-0.010, 0.012)  0.003 (-0.01010)

0.027 (0.021, 0.034)
0.028 (0.022, 0.034)
0.001 (-0.004, 0.006)

n=88,092
0.025 (0.018, 0.031)
0.026 (0.020, 0.032)
-0.001 (-0.006, 0.004)

n=10,601
0.049 (0.028, 0.070)
0.046 (0.028, 0.064)
0.017 (-0.001, 0.036)

Abbreviation: IGF-1, insulin-growth like factor EEV;, forced expiratory volume in one second;

FVC, forced vital capacity.

All models adjusted for asthma status (in all ggstints), annual household income, body mass index,

smoking status, pack-years of cigarette smokirgys#ason and the time of the day when the

examination was performed, and serum level of ggat@daemoglobin Alc, and C-reactive protein.

"P <0.01



