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ABSTRACT 

Words count: 250 

 

Mechanistic research suggests that lifestyle and environmental factors impact respiratory health 

across generations by epigenetic changes transmitted through male germ cells. Evidence from 

studies on humans is very limited. 

We investigated multi-generation causal associations to estimate the causal effects of tobacco 

smoking on lung function within the paternal line. We analysed data from 383 adult offspring (age: 

18-47; female: 52.0%) and their 274 fathers, who had participated in the ECRHS/RHINESSA 

generation study and had provided valid measures of pre-bronchodilator lung function. Two 

counterfactual-based, multi-level mediation models were developed with: paternal grandmothers’ 

smoking in pregnancy and fathers’ smoking initiation in prepuberty as exposures; fathers' FEV1 and 

FVC, or FEV1/FVC z-scores as potential mediators (proxies of unobserved biological mechanisms 

that are true mediators); offspring’s FEV1 and FVC, or FEV1/FVC z-scores as outcomes. All effects 

were summarised as differences in expected z-scores related to fathers’ and grandmothers’ smoking 

history. 

Fathers’ smoking initiation in prepuberty had a negative direct effect on both offspring’s FEV1 (-

0.36; 95% confidence interval: -0.63, -0.10) and FVC (-0.50; -0.80, -0.20) compared to fathers’ 

never smoking. Paternal grandmothers’ smoking in pregnancy had a negative direct effect on 

fathers’ FEV1/FVC (-0.57; -1.09, -0.05) and a negative indirect effect on offspring’s FEV1/FVC (-

0.12; -0.21, -0.03) compared to grandmothers’ not smoking before fathers’ birth nor during fathers’ 

childhood. 

Fathers’ smoking in prepuberty and paternal grandmothers’ smoking in pregnancy may cause lower 

lung function in offspring. Our results support the concept that lifestyle-related exposures during 

these susceptibility periods influence the health of future generations. 

TAKE HOME MESSAGE 



 

Fathers’ prepuberty and paternal grandmothers’ pregnancy are vulnerable periods to the adverse 

effects of smoking on offspring’s lung function. Preventing smoking in these susceptibility time 

windows might improve the next generation’s health. 

 

 

KEY WORDS: lung function; tobacco smoking; prepuberty; pregnancy; paternal line; causal 

inference; multi-level mediation modelling; ALEC; ECRHS; RHINESSA. 

  



INTRODUCTION 

 

Asthma and chronic obstructive pulmonary disease (COPD) are major health challenges across the 

world [1, 2]. Lifestyle and environmental exposures are important risk factors for these diseases [3, 

4], not least when exposure occurs in early life. Emerging evidence suggests that the environment 

before conception may impair respiratory health of the offspring [5, 6], as supported by animal 

research [79]. In line with this hypothesis, we previously found negative associations between 

fathers’ smoking before 15 years of age (a period compatible with prepuberty, as 15 years is the 

mean age of completed puberty in boys [10]) and their offspring’s asthma phenotypes [11, 12]. We 

also identified the same susceptibility time window for fathers’ overweight [13]. 

Studies on human health [14], including respiratory diseases [1518], are currently more focused on 

epigenetics. Heritable modification of DNA methylation may be a key mechanism for the effects of 

preconception and early life exposures on disease phenotypes in subsequent generations. Foetal life 

and prepuberty are time windows with a higher susceptibility to environmental exposures through 

their impact on epigenetic programming of the male germ cell line [19, 20]. These vulnerable 

periods may represent windows of opportunity for preventive interventions in males aimed at 

improving the health of current and future generations. 

Causal statistical inference [21] can contribute to shed light on the mechanisms involved in the 

pathways from exposures in different generations and susceptibility periods, to health outcomes in 

subsequent generations. A multiple-exposure, multiple-mediator, multiple-outcome (MEMMMO) 

framework has recently been proposed for the identification of complex multi-generation effects 

[22]. In line with this new perspective, we investigated causal associations to estimate the causal 

effects of fathers’ smoking initiation in prepuberty (generation G1) and grandmothers’ smoking in 

pregnancy (generation G0) on offspring’s lung function (generation G2) within the paternal line. As 

part of the Ageing Lungs in European Cohorts (ALEC) Study (www.alecstudy.org), we analysed 

data from an ongoing survey on respiratory health in adults (European Community Respiratory 



Table 2. Main characteristics of the offspring and offspring-reported information on their mothers. 

 

Generation 
 

N° of offspring = 383 

Mother (G1) Smoking before or after offspring’s birth, %  

 present 50.7 

 absent 25.3 

 unknown 24.0 

Offspring (G2) Female, % 52.0 

 Age (years), median (range) 28 (18-47) 

 Pre-bronchodilator FEV1 z-score, mean (sd) -0.38 (0.75) 

 Pre-bronchodilator FVC z-score, mean (sd) -0.23 (0.83) 

 Pre-bronchodilator FEV1/FVC z-score, mean (sd) -0.26 (0.91) 

 Ever smoking, % 30.3 

 Education level, %  

 low* 37.9 

 high 57.4 

 unknown 4.7 

 

* Offspring had only studied up to the minimum school-leaving age. 

 



Table 3. Natural direct effects* on fathers’ and offspring’s pre-bronchodilator FEV1 and FVC (model 1), or FEV1/FVC (model 2) z-scores within 

the paternal line. 

 

GENERATION  Father (G1) 
 

Offspring (G2) 

    
ΔFEV1 

(95%CI) 

ΔFVC 

(95%CI) 

ΔFEV1/FVC 

(95%CI) 

 ΔFEV1 

(95%CI) 

ΔFVC 

(95%CI) 

ΔFEV1/FVC 

(95%CI) 

 

Grandparents (G0) 

 

Grandmother’s smoking†   
 

 

  
 

 
when the father was in utero 

-0.33 

(-0.89, 0.23) 

-0.05 

(-0.54, 0.44) 
-0.57 

(-1.09, -0.05) 

 -0.03 

(-0.35, 0.28) 

-0.03 

(-0.39, 0.34) 

0.01 

(-0.09, 0.12) 

 
before pregnancy or during father’s childhood 

(or unknown smoking period) 

-0.27 

(-0.70, 0.17) 

-0.11 

(-0.35, 0.13) 

-0.36 

(-0.82, 0.11) 

 0.05  

(-0.05, 0.14) 

0.05 

(-0.08, 0.18) 

0.02 

(-0.21, 0.25) 

 

Father (G1) 

 

Smoking initiation (vs never smoking)   
 

 

  
 

 
<15 years of age 

-0.22 

(-0.78, 0.34) 

-0.05 

(-0.64, 0.53) 
-0.36 

(-0.68, -0.04) 

 -0.36 

(-0.63, -0.10) 

-0.50 

(-0.80, -0.20) 

0.30 

(-0.01, 0.61) 

 
15 years of age 

-0.27 

(-0.51, -0.02) 

-0.11 

(-0.32, 0.11) 
-0.20 

(-0.37, -0.04) 

 -0.01 

(-0.18, 0.16) 

-0.04 

(-0.23, 0.16) 

0.03 

(-0.13, 0.20) 

 Pre-bronchodilator FEV1 z-score (1-unit increase) - - - 
 0.18 

(0.05, 0.31) 
- - 

 Pre-bronchodilator FVC z-score (1-unit increase) - - - 
 

- 
0.17 

(0.07, 0.27) 
- 

 Pre-bronchodilator FEV1/FVC z-score (1-unit increase) - - - 
 

- - 
0.21 

(0.07, 0.34) 

 

* Difference (Δ) in offspring’s expected z-score for the change in exposure status, keeping fathers’ z-score at its expected value when the exposure is absent. Models 1 and 2 also 

include the potential confounders and adjusting variables of the mediators (grandparents’ education level, and fathers’ age, education level and occupational class) and of the 

outcomes (fathers’ education level and occupational class, mother’s smoking before or after offspring’s birth, and offspring’s age, sex, education level and smoking). 

†
 Vs not smoking before father’s birth nor during father’s childhood. 



The estimates in bold are statistically significant (p-value <0.05).  



Table 4. Natural indirect effects* on offspring’s pre-bronchodilator FEV1 and FVC (model 1), or FEV1/FVC (model 2) z-scores within the paternal 

line. 

 

GENERATION  Offspring (G2) 

    
ΔFEV1 

(95%CI) 

ΔFVC 

(95%CI) 

ΔFEV1/FVC 

(95%CI) 

 

Grandparents (G0) 

 

Grandmother’s smoking†    

 
when the father was in utero 

-0.06 

(-0.17, 0.05) 

-0.01 

(-0.09, 0.08) 
-0.12 

(-0.21, -0.03) 

 
before pregnancy or during father’s childhood 

(or unknown smoking period) 

-0.05 

(-0.13, 0.03) 

-0.02 

(-0.06, 0.02) 

-0.07 

(-0.17, 0.02) 

 

Father (G1) 

 

Smoking initiation (vs never smoking)    

 
<15 years of age 

-0.04 

(-0.14, 0.06) 

-0.01 

(-0.10, 0.09) 

-0.07 

(-0.18, 0.02) 

 
15 years of age 

 

-0.05 

(-0.10, 0.004) 

 

-0.02 

(-0.06, 0.02) 

 

-0.04 

(-0.09, 0.01) 

 

 

* Difference (Δ) in offspring’s expected z-score when the exposure is present, but fathers’ z-score changes from its expected value when the exposure is absent to its expected 

value when the exposure is present. Models 1 and 2 also include the potential confounders and adjusting variables of the mediators (grandparents’ education level, and fathers’ 

age, education level and occupational class) and of the outcomes (fathers’ education level and occupational class, mother’s smoking before or after offspring’s birth, and 

offspring’s age, sex, education level and smoking). 

†
 Vs not smoking before father’s birth nor during father’s childhood. 

The estimates in bold are statistically significant (p-value <0.05). 



 

FIGURE LEGENDS 

 

Figure 1. Selection of the study subjects (fathers and their offspring). 

 

Figure 2. Mediation model for FEV1 and FVC within the paternal line (model 1). 

The green boxes represent the exposures of interest, the yellow boxes the mediators and the blue boxes the outcomes. 

The dotted boxes represent the set of potential confounders and adjusting variables of the mediators (X1: grandparents’ 

education level, and fathers’ age, education level and occupational class) and of the outcomes (X2: fathers’ education 

level and occupational class, mother’s smoking before or after offspring’s birth, and offspring’s age, sex, education 

level and smoking). The two ellipses represent the level 2 unit (father; the arrows indicate the random intercept terms at 

level 2) and the cluster variable (country; no arrow indicates that cluster-robust standard errors were computed in order 

to take the correlation among fathers within countries into account). 

 

Figure 3. Mediation model for FEV1/FVC within the paternal line (model 2). 

The green boxes represent the exposures of interest, the yellow box the mediator and the blue box the outcome. The 

dotted boxes represent the set of potential confounders and adjusting variables of the mediator (X1: grandparents’ 

education level, and fathers’ age, education level and occupational class) and of the outcome (X2: fathers’ education 

level and occupational class, mother’s smoking before or after offspring’s birth, and offspring’s age, sex, education 

level and smoking). The two ellipses represent the level 2 unit (father; the arrow indicates the random intercept term at 

level 2) and the cluster variable (country; no arrow indicates that cluster-robust standard errors were computed in order 

to take the correlation among fathers within countries into account). 

  



 

 

  



 

 

  



 

 












