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ABSTRACT

BackgroundThere is growing interest xposures prior to conception as possible risk factors for
offspring asthma: Although partially supported by evidence from limited humaestedirent

evidence'isiinconsistent, and based on recall of exposure status.

Objective Wesaimed to investigatagndmaternal smoking during pregnancy and the risk of asthma

in grandchildrerusing prospectively collected populatibased data.

Methods: Information on grandmaternal and maternal smoking during pregnancy and grandchild use
of asthma medications was collected froational Swedish registries. Associations between
grandmateral smoking during preghancy (2 weeks), and asthma medication imsgrandchildren

were investigated using generalized estimating equations. Ages at which asthma medieations
prescribed glassifiechildhood asthmato never, early transient®years), late onset{@yeard and

early persistent (@ and3-6 years)phenotypes.

Results: From 1982 to 1986, 44,583 grandmothers gave birth to 46,197 mothers, who gave birth to
66,271 grandchildren (born 192®10).Children aged b years hadn increasedsthmaisk if their
grandmothers had smoked during pregnancy, with a higher risk for more exposure (10+ cigs/day;
adjusted OR 23; 1-17, 1-30). Maternal smoking did not modify this relationship.

Conclusios & clinical Relevance: Children had an increased risk of asthma in the first six years of

life if their grandmaehers smoked during early pregnancy, independent of maternal smoking.
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Importantly thisexhibited a doseesponse relationship amgs associated with a persistent childhood
asthma phenotype. These findings support possible epigenetic transmissionrofrisk f

environmental exposures in previous generations.

Word count Abstract:241

Introduction

Asthma is a,Health Priority Area in many regiovarldwide andremainshe most commonhronic
disease in childhoodt affects 334 million people including 14% of children globaiipdthe
prevalenceasscontinuingto rise[1] There is emerging evidence that early childhoodraatmay be
linked with chronicobstructivepulmonary éseasgCOPD) in later life, an association which further

increases the lifetime burden of asthf2h

As a heterogeneousndition,asthma is better understood in terms of phenotypes classified according
to differences.in.age of onset, severity, and associated features. This ecaxamhlighted by

Martinez et@l3]/and has since been widely explored in many studies with differing mehdst

is importanttesidentify asthma phenotypestesy are likely tdhave differingunderlying aetiologies

and long termyoutcomes, but moreover, they are likely to require differing prevention and
management approaches

We have few answers concerning the aetiology of astlinimknown to “run in families” with
heritability'estimags between 36% and 79%d However, his high heritability hasotbeenfully
explained by genetic associations found in Gem@fide Association Studidg, 8] Environmental
factors ardoelieved to beesponsible for the rapid rise in asthma prevalence in recent deltsds
the rapid time.course; vastly different prevalences between and within cdditiaesl; the inherited
asthma risk of migranfd.0] Although there arestablished risk&ith some environmental exposures
including; early.childhoodespiratoryinfection11], atopy12], traffic related air pollutiofi3], and

tobacco smoKd4], most asthma remains unexplained.

Recentlyit has beersuggested that environmental exposunay causean inherited risk oasthma
without changes ithe genetic codd his isthought tooccurthrough alteration of epigenetic
programminghataffects gene expression. Furthermdres believed that the “epigenetic marks”
thatoccurfrom environmental exposures may tb@nsmissibldéo future unexposed generatiafis]
Establishment ofithis risk mayontributeto our understaridg of the reasons behind the rapid rise in
asthma. In addition, an understanding of the possible inherited effect from espoguevious

generations maglarify the relationships between current exposures and risks
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Tobacco smoke has been investigated for its potential role as a transgeneratioaetoni f
asthmaThe previous literaturem humangs scarce anthconsistentvith only three published
accountq416-18]. Two of these found an increased risk of asthma in the grandchildren of
grandmothers who smoked whilst mothers were in uf@617] The third study, however, could not
confirm this finding and suggested insteadrameasedisk for the daughters of fathers exposed in
utero to smoking grandmothef48] . None of these studies had prospectively collected exposure
measuresAlthough two of these studies are population baséart$17, 18], they requirevoluntary
participation andirelikely to differ from a whole population sample on important variables, including
smoking_prevalence and so@conomic status@ng with many other factors which may influence

the relationship between grandmaternal smoking and grandchild §sghma

We aimed to investigate tobacco smoke exposure as a transgenerational risk factombusisg
prospectivly collected data from thentireSwedish population.

Methods

Anonymizeddatawere obtainedrom the Swedish National Board of Health and Welfare and
Statistics SwederThese datavereroutinely collectedas part of the medical record and have been
approvedand utilizedfor research of this kindiithout directinformed consent according to special

registeregislation. Permission for access teshdata for this analysis was granted by the regional
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ethical committee odfmed SwedenCrosslinkage betweemnegistries was performed usiegch

individual's unique personal identification number.

Study Population

Eligible participantsvere Swedish families with information on three generations (grandmother,
mother and child) within the préefined dates as explained in the following. Women giving birth to a
female child in Sweden between 1982 and 1986 were designated grandmothers. Fenmetefrchiidr

the grandmothers who also gave birth to at least one child between 1996 and 2010 were designated
mothers. The children (of either sex) from these mothers born in Sweden between 12@and

were designated children.

Exposure definition

Smoking in grandmothers was recorded all2@veeks gestation agtaeelevel categorical
variable[20] Grandmothers were askbg specially trained midwives using a standardized
guestionnairéf:they were currently smokindResponses were categorized as: 1: No; 2; Smokihg 1
cigarettes per day and; 3: Smoking 10 or more cigarettes pefluaynformation was used to create

both a binary=(smoking yasd) and categorical variable for analysis.

Outcome definition

The Swedish PrescriptidRegisterstarted recording prescribed medications on 1/7/2A0%sthma
medicationsspurehased for thaldren between 1/7/2005 and 31/12/2013 weeorded21] Asthma
was defined by the recorded purchase of steroid or leukotriene medications by the thiddse

given yeaibetween 1/7/2005 and 31/12/2013. For the purpose of this variable, children using only
beta agonist medication were excluded. Childhood wheeze or asthma was defineplipghthsaf

any asthma medicatiqbetaagonistsjnhaledsteroids or leukotriene®y the children in any given
year betweens2/7/2005 and 31/12/2013.

Other Variables

Smoking in‘mothers was recorded in registry data similarly to grandmoli@et (veeks gestation/

first trimester visit) with additional smoking questions in the thimesten(30-32 weeks).The

smoking categories were the same as for grandmotharsroking 1-9 cigarettes per day and 10 or
more cigaretteper day). A furtheguestion concerning smoking was also asked of motWhéese

you smoking threenonths prior to this pregnancyothers were also asked about exposure to oral
moist tobaeco snuff in the form of snus which h28€@yearhistory of use in SwedetJse of snus in
early pregnancy is reported by32 of all womer[22] Snusexposure was recorded as a binary

variable in the same time windows (tereemonths prior to pregnancy; in first trimes{é0-12

weeks) and in third trimester (B2 weeks). Nicotine exposure in mothers was defined as exposure to

smoking or snus at any of these recorded time points.
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Grandmothers variables

Other recorded variablésr grandmothers from thidedicalBirth Register theEducational Register
the Social allowance register, thHeatientRegister(Inpatient 19972012 and outpatient 202012)
and theCauseof Death Registeincluded age at mothés birth,BMI at 10-12 weeks gestation,
marital statusasthma /hgertension/diabetes diagnosis at time of birth of mothighest formal

educatio, social allowance recipiergndcounty ofresidence at child’s birth

Mothers variables

Variables recorded for mothefsom theMedicalBirth Register theEducationaRegister theSocial
allowance register, theatientRegister(Inpatient 19972012 and outpatient 202012) and the
Prescription Reqister (206813)included:prescribed asthma medicati@sthma
/hypertension/diabetelagnosis at time of birth of children, highest formal education, social
allowance, marital status, paid wollgdy mass index (:02 weeks)mother’'s age at child’s birth
gestational'age, birth weight, Apgar scord and5 minutes, caesarian section, birth order. A variable
of complicated=childbirth was defined by any complications recorded during pregnanuytiand
(ICD8) We defined maternal asthma as any inpatient or outpatient admission for asthonaayd/

use of asthmamedication

Childs variables

Variables recorded for childreinom theMedical Birth Registerthe Patient Regist¢t9972012 for
inpatientycaresand 20€012 for outpatient care) and tReescription Regist€20052013) included:
gestational age, birth weight, Apgar scord and5 minutes, mode of deliveryaesarian sectiors
vaginal) ibirth.order age, gender, any astarmedicatioranddate purchased, specific asthma
medicaion (steroids, Leukotriene inhibitoranddate purchased, inpatient and outpatient hospital

visits for asthma

Grandfathers variables

A proxy variable for grandfathers smoking was defined using recostaakingrelated illnesses and
deathsl(ung cancer, COPDecordedrom the PatienRegisteras hospital admissior{$997#2012)

or outpatienattendance001-2012)or from theCause of Bath RegistetGrandatheis smoking
was defined as any inpatient or outpatient hospisitl for COPD or lung canceor COPD or lung

cancer noted on the death register

Statistical'Methods

Logistic regression analgs with generalized estimating equations were tse@tcount foinclusion

of more than one chilitom eachgrandmotherlnitial observations were performed on the entire

sample, without allowance for year of age when medication was purchased. These analyses were then
repeated stratified by age (year) of the child. A further analysis was perfornadldasthma

phenotypedor the subset of children with available information at all time pofkdéthma phenotypes
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were definedas 1. No asthma: Noyschasecgghma medication up tsixthyear; 2. Early transient
wheezeonly purchasedt least one asthma medication beforethiivel year; 3.Early persistent
asthmapurchasedt least one asthma medication beforethirel yearand also between thiird and
sixthyears 4. Late onseasthmano purchasedgshma medication before thiird yearbut purchased

at least ope between thehird andsixth years[3]

Variables'testeds confounderandbr effect modifiers in the analysis included: clldyender,
child’s birth‘order, chilts gestation, chifd birthweight, mothés years of education, motherfamily
allowance maternal'nicotine exposu¢semoking andgnug, mothers birth order, mothés countyof
residence at child birthmothets age (quartiles), motherBMI, mothets asthma, mothes caesarian
section, mothes pregnancy complications, mottediabetes, gralmothets countyof residence at
child birth, grandmothés years of education, grandmotisesocial allowance, grandmotteer
asthma, grandmotherage(quartiles), grandmothey BMI, grandmothés diabetes, grandmother
hypertension, grandmothspregnancy complications, proxy for grandfateesmoking. Variables
were includedsin.final models if effect estimates charged10%(confounders) or had ayalue
<0-10 (effect modifiers). A model for confounders was also derived using directed apgplics
(DAGGITY software)(SupplemenFig 1)

Results
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In the grandmothés generation, we identified 54,085 women who gave birth to 56,406 daughters
Sweden between 1982 and 19860 in turn had given birth to 81,550 children in Sweletween
1996 and 2010rhere were however,®02 grandmothers who had no recorded information on
smoking in at 1012 weeks gestatiofhis lack of recorded information was related totthméng of
implementation of data collection on smoking in the fiistester of pregnancy which began in
January 1982. Data on smoking habits were, theraistally missing for thosgiving birth during
the first part of 1982V e restricted the analysis thereforelth583grandmothersvith smoking
informationwho had given birth to 46,197 mothers and who in turn had given birtha66
children. Of these childred 3,442 had purchased asthmadication between 1/7/2005 and
31/12/201310,119 hadadan outpatient hospital visit for asthma since 20@d; 3,303 children had
been adnited, for,asthma or bronchitis at least once between 1997 and(Zabis 1 and2).

Table 1 Grandmothers and Mothers demographics

Grandmothers Mothers

Mean ageat.mothersthild’s birthyears (range) 25-88 (1352) 23-35(13-28)
Mean bodymass index (112 weeks gestatiorfjange) 22-20 24-66

(14-01-46-26) (14-30-54-97)
First child 39.31%
Caesarean section No CS 91-44%
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Elective CS 4.26%
Emergency CS 4-30%
Marital status Married 93-:05%
Single mother 3-44%
Other 3-51%
Smoking 1012 weeks No smoking 59.12% 84.83%
1-9 cigs/day 23.77% 12.19%
10+ cigs/day 17.11% 2.99%
Diabetes (checkbox) 0-74%
Hypertension‘(checkbox) 0-21%
Asthma (Impatient ooutpatient hospital contact) 3-37%
Purchased Asthma medication (any) 17-93%
Purchased medication (steroids/ Leukotriene inh.) 10-68%
Complicated 'Childbirth No 64-79%
Yes 3521%
Highest formal education <=1lyears 66-93% 24-48%
12 years 12-26% 47-56%
13+years 20-81% 27-96%
Received social allowance 3-:01% 6-9%
Table 2 Child’s demographics
Gender male 51:58%
female  4842%
First child 68:79%
Purchased Asthma medication (any) 20-45%
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Purchased Asthma medicati(steroids/Leukotriene inh.) 16:90%

Asthma (Inpatient or outpatient hospital contact) 8-85%

Any asthma medication by year of life Yearl 1-68%
Year2 8-45%
Year3 10-79%
Yeard 9-54%
Year5 8-45%
Year6 7-20%
Year7 6-77%

Year8 6-36%

Any Steroids/LTrmedication by year of life Yearl 1-19%
Year2 6-74%
Year3 9-19%
Yeard 8:23%
Year5 7-15%
Year6 6-02%
Year7 5-30%

Year 8 4.90%
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There was an increased risk of asthma or whgmrehase of any asthma medication betwd@f2005 and
31/12/2013)n children whose grandmottsdiad smokedThis wadoundin the unadjusted modahd
models adjusting folonly maternal nicotine exposure aridr the 2 fully adjusted modglconfounders
chosen by: 1 evidence of change on odds ratios and by 2 Directed acyclicsgigigmientFig 1)) (Table
3). The risk increased with increasing levels of grandmaternal smoking. There was a siginéioe for
increasing asthmarisk,in grandchildren with increasing cigarette consumption by gtiaacr(irable3).
No interactions weréound forthe variablesutlined in method$or the association between grandmaternal
smoking during; pregnancy and asthma in dchildren(all interaction pvalues > 01). The same pattern
was seen when the outcome was inpatient or outpatient hospital visits for astimmacbitis(Supplement
Table ). The relative risk increase in asthfnam grandmaternal smoking was 15% and the relative risk
increase in hospital.contact was 19%.

GMS at 1012 weeks gestation

0 (ref) 1-9cigs/day 10+ cigs/day P trend
Odds of asthma medication use in the child (unadjusted ) Odds Ra&&&CI, [p] (/N )
N=65,956
1 1-20 (1-141-26) [0-000] 1.25(1-191.32) [0-000] 0.002

(7,416/38,992)

(3,456/15,680)

(2,571/11,284)

Odds of asthma medications in the child (adjusted for any maternal nicotine exfduseRatio & 95%

ClI, [p] (n/N) N=63{580

1 1-17 (1-1%1-23) [0-000] 1-19 (1-121- 25) [0-000] 0.004
(7,149/37,627) (3,319/15,070) (2,451/10,883)
Odds of asthma medications in the child (adjusted*) Odds Ratio & 95% ClI, [p] (n/N)
N=48,971
1 1:13 (1-071-20) [0-000] | 1-15 (1-08-1-23) [0-000] 0.069

(5,496/29,165)

(2,490/11,391)

(1,911/8,415)

Odds of asthma medications in the child (adjusted for confounders identified by @ddS Ratio & 95%

Cl, [p] ("/N) N= 62,899

1
(7,154/37,678)

1.18 (1.121.24) [0-000]
(3,247/14,800)

1.23(1.17-1.30) [0- 000]
(2,382/10,421)

0.013

Table3: Grandmaternal smoking (GMS) and the oddargfasthma medicationsein the child
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* Adjusted for child’s gender, child’s birth ordenother’syears of education, motherfamily allowance,
maternahicotine exposure (smoking and snus), mothers birth order, ri@tlesidence at child birth,
mothers age (quartiles), grandmotkeaesidence at child birth, grandmotiseyears of education,
grandmothéss social allowance, grandmotleasthma, grandmothi s age(quartiles), grandmothe BMI,
proxy for grandfathés smoking Partially and Fully adjusted models have reduced numbers due to

incomplete informatien,on included covariates

DAG adjustments grandmother'years of education, grandmottesocial allowance, grandmotheer

asthma and proxy: for grandfathesmoking

Stratification by Age

When stratified bysagegof purchaseedication{Supplement Tab&2& 3) there was a similar pattefar
bothany purchased.asthma medicatiangl anyantiinflammatory asthma medicatiarnhere was an
increased risk of asthma or whedzem age one to six but these associations reduced in strength at ages

seven and eight
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Asthma Phenotypes

Grandmaternal smoking was related to an increased risklgfpEasistent asthmahilst maternal smoking

wasrelated to an increased risk of the early transistiima (Tabld). When a child had both grandmother

and mother exposed, thisk of both early transient and early persisesihmavas increased. Neither

grandmaternal nor maternal smoking was related to late onset asthma.

Table4: Phenotypes.ofiasthma (amflammatory meds) in grandchildren by grandmaternal smoking (GM +

or -) and matefnal'smoking (M + ey

GM- & M- GM+ M- GM- M+ GM+ M+
N Odds Ratio & 95% ClI, [p] (n/N)

Early 10456 |1 0-95 (071-1-29) 1.27 (097,1:66) 1-38 (107,1:78)
Transient

(121/3,395) [0-762] (70/2,033) [0-081](105/2,267) [0-014(141/2,761)
(0-3years)
Early 10762 & 1-45 (2:17,1:79) 1.10 (088,1.38) 143 (117,12:75)
persistent

(197/3,471) [0-001](172/2,135) [0-392(145/2,307) [0-001](229/2,849)
(Both times)
Late Onset | 10774" |l 0-93 (0-75,1.16) 0-92 (075,1:14) 0-98 (080,1:19)
(3-6years) (257/3,531) [0-530/(144/1,963) [0-445(155/2,317) [0-815(199/2,819)

Discussion

Using prospectivig collected data from national Swedish registems found that grandmaternal smoking

whilst mothers were in utero was associated with an increased risk of datfentd prescribed asthma
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medications)n grandchildren agedne to sixyears Thisrisk was increasetbr the children oboth non

smoking and smoking motheK3ur research is novel in thr&ey respectdrirstly, it is the only study in this
area touseprospectively collected data on smoking in pregnati@reby silencing concerns about recall

bias. Secondly, we foural“doseresponse” effeatith higher levels of grandmaternal smokingasated

with greaterasthma riskwhich adds to the evidence for a potentially causal lkd finally, we founda
relationshipbetweensgrandmaternahd maternal smokingnd, distincphenotypes of childhood asthma;
maternal smokingvasassociated with the early transient asthma phenotype, whilst grandmaternal smoking

was associated, with.the, early persistent asthma phenotype

Only three published studies have previously investigated this assodiatkf@5, Li et gl16] foundthat
children were at an increased risk of asthma if their grandmothers had smokedheiitsothers were in
utero(n=691) Thisrisk.was elevated even wihihe mothers were nesmokers. Recentlyhe Norwegian
Mother and Child'cohostudy, with much larger numbers of participansoduced a similar findingpr
asthma at 36 monthsTagdvenyears of ag¢l7] In contrastthe Avon Longitudinal Study of Pents and
Children found nesinereased risk to grandchildren from maternal exposure in smokingopfzer$18].
They found, however,"a’suggestion of increased risk in the daughters of fathers who feghbsed to
smoking grandmotherddnlike the ALSPAC study, we found no differentédfects according to the sex of
the offspring and N6 evidence of modification by grandchild BMall three studies, grandmaternal
smoking wagetrospectivelyreported by mother®r other relativesandis subject to recall bias.
Additionally, althougtpopulation based, thepeeviousstudieswvere subject to responder bi&siwrthermore,

none of the studies recorded the level of grandmaternal smoking

The finding of distinct relationships with specific childhood asthma phenotypes isam/gighlights a
potentially different mechanism for asthma development dependent upon whetbéattwm texposure was
maternal or grandmatern&Ve have previously shown that childhood wheeze phenotypes may be related to
different early lifeexposure$23] and differemlong termconsequencd®?4] In contrast to oucurrent

findings, we had previeusly found late onset childhood asthmadedoeiated with parental tobacco use.

Our previous datarecorded symptomatic wheeze multiple tmesrly childhoodather than prescribed
medication. In addition,/using latent class analysis, the late onset wheeze group wasaigethgrd

years. Both of these.differences may help to explain these apparently distirefiags. Our current
findingssupport the hypothesis that different phenotypes may be related temiéeposuresGrand
maternalexposure may‘result in epigenetic methylation of germline cells which may ardnaaiel a greater

effect than later'environmental exposures, reflected in a persistent rather thantteestisiea phenotype.

Recent reviews haveelped to differentiatbetween transgenerational amdergenerationakffects [15, 25|
Essentially, transmission can only be considérausgenerational when an exposure in grandmaot{ids
has been shown to increase the risk in ggestdchildren (F3). Exposures to the grandmotheitewie

mothers (F1) are in utero will also expose the primordial germ cells of the graindoh{iF2) Hence to
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avoid any suggestion of direct exposure, the F3 generation must be considered. Altbugtetho

human studies which haegldressethe impact on greajrandchildrenthere are compelling animal studies
that suggeghis ispossibleIn 2012 Rehan et[@6] demonstrated an inherited asthma phenotype in the
second generation (F2) offspring of nicotine exposed grandmaternal mice. The granddibeentgiven
subcutaneous nicotine in a dose equivalent to habitual smokers (1mg/kg/day body weighthavfiitst
generation (F1) offspring were in utero. Affected F2 generation rats had measwgddriction changes
including increased lung resistance and compliance which were reflected in patidiadings including
increased contractile.proteins and fibroblasts. Furtherrtizeg provided evidence of transferred germline
epigenetianarks to,the F1 generation. In 2013, an extension of this work was published, in which similar
changes in the thirfF3)'generatiorigreat grandchildrenyere found[27]

Although, none of the,eurrehumanstudiesspan foumgenerationsgpigenetic transmission of
environmental risk.has.been demonstrated in other eukaryotic organisms and experiamsgihéerational
silencing of parts'efithe'mammalian genome has also been @@waiven these findings, it is plausible
this could also beshappening in humans andtttesissociation in the currestudy may represent
transgenerationalitransmissidrne mechanism of transgenerational transmission is thought to be through
inherited epigeneticsehangEhere is some discussion around the ability of epigenetic marks to be
transmitted between generations in humans providing a mechanism for the tramsofiissivironmental

risk, howevertheretis'good evidence from both plant animal models[15] In humansepigenetic marks
were thought until recently to be entirely remowadir fertilizationmaking this an unlikely mode of
transmissionHoweversrecent evidence supports the preservatiampadportion of epigenetic marks during
this process[28, 29|

The strengths of our study include the collection of large numbers of whole populasigoraspective
measurement of smeking data in pregnancy of both mothers and grandraotteeraeasured level of
smoking.A recent validation demonstrated very good agreement between reported smoking intére regis
and cotinine levels.inJmaternal and cord blood from deliveries between 1982 arfj@@000utero smoke
exposuie was measured at only one time in the first trimesteflPl@eeks) which has previously been
recognized as the most’senaitperiod for epigenetic chari@€]. There is potential for misclassification of
smoking status duringsthe entire pregnancy if grandmothers smoked dmysedond and third trimesters.
This would lead to.smoking grandmothers being classified erroneously -asnoéing grandmothers. As
this information was.eollected prospectively, it is unlikely to be differeimtitdrms of grandchild

medication use."Adtonally, if some participants stopped smoking after the first trimestardhieation of
smoking and potentiallrisk to the fetus may diffg80]. The likely result of both these misclassifications is
to bias our findings towards the null. The found associations remain vabaebptobably underestimates of

the true effect.
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Additionally, our outcome measures, prescribed asthma medicatioiespital admissions, are also
objective and prospectively collectedlthough the definition used to determine asthma will influence the
prevalence estimate, and may thereby modify the relationship between an exposhbieanddme, it will
not invalidate any relationship found. A more liberal definition of asthma (amedey ISAAC questions
rather than medication use), may increase the prevalence of asthma providing gveaitéo find an effect.
In contrast, a highlysspecific but n@ensitive definition of asthma (medication use) may underestimate the
degree of the true relationship. However, asthma medication use is moresmengared with questions
on wheeze and;the.relationship found is more likely to reflect childhood asthreatretn transient early
wheeze. Althoughiaccess to and the costs of medication may be an issue in many countriesshis is |
relevant in Swedemyheére there is high cost protection for purchasing children’s medicatiosspdssible
that some parentsimay not follow western medical practices. The misclassificdtieseothildren,
however is unlikely to be differential, depending on whetheobdigrandmothers smoked, so would most
likely cause a reduction’in the effect size foulde have ndanformation concerningmoking behavior of
grandparents other tharetmaternal grandmother. This lack of informatiomdf-differential, would result
in reduced associatio®ing seen in the current study, indicating that the true associations are ldagbr gr
than thoséound. We also have no information concerning fathers smoking behgatbers smoking,
however, occurs after and cannot plausibfiluence grandmothers smoking so is not a true confouAder.
our primary aim was to followap the grandchildren (F2) of our registry cohort of grandmothers (F0), we
have inadvertently selected a younger population of mothers (F1 generation). Ithtepgbssithesffects of
grandmaternal smoking may vary depending on the age at which the mothers (F1) had chidpessiblie
that a longer peried‘of time between-irtero exposure of the mothers to grandmaternal smoking and
conception of the granditth generation may either increase the risk of astti@geing of the primordial
germcells increases the likelihood of sustained epigenetic change) or decrease the astifrapigekgtic
marks fade over timélthough this was a study based only on the Swedish population, the findings are

likely to be relevant globally.

Many of the mother’s variables mag mediators of the relationstiptween grandmaternsinoking and
asthma in children."Fhese include motheBbI, asthma, caesarian sectj@m pregnancy complications.
Inclusion of maternal’asthma in the models didsignificantly change the associations (Supplement table
4) suggesting that this'is unlikely to be a mediaddthough a formal mediation analysis has not been
performed, inclusionfahese variables in adjusted models may attenuate the found asseciation

underestimating.the true association between grand maternal smoking and grantifichdd as

Conclusion
Grandmaternal smoking during pregnancy is associated with an increased risk oéesistemt asthma in
grandchildren. These findings support possible epigenetic transmission obniskrivironmental

exposures in previous generations and will add éuritmpetus to tobacco cessation campaigns with renewed
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focus on pregnant mothers. Additionally, taking preconception exposure into account wheimgukta in
this area may help to produce more consistent results and untangle importamreental expsures for
asthma risk. Understanding and investigating the possible transgeneraticsralgsion of disease is
applicable to a wide range of diseases.
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