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ABSTRACT 68 

Introduction Paternal pre-pubertal passive smoke exposure may increase the risk of childhood 69 

asthma. However, its association with impaired lung function trajectories at risk of chronic 70 

obstructive pulmonary disease in offspring was not investigated. We assessed the association between 71 

paternal pre-pubertal passive smoke exposure and lung function from childhood to middle age in their 72 

offspring. 73 

Methods Data were analysed from 890 father-offspring from the Tasmanian Longitudinal Health 74 

Study (TAHS). The offspring were probands in the original cohort who have undergone spirometry 75 

at six-time points from ages 7 to 53 years. Lung function (FEV1, FVC, and FEV1/FVC) trajectories 76 

were previously derived using group-based trajectory modelling. Fathers reported their own passive 77 

smoke exposure before age 15 years. Multinomial logistic regressions assessed associations between 78 

paternal pre-pubertal passive smoke exposure and lung function trajectories in offspring. Potential 79 

mediation and interactions were assessed for active paternal smoking, offspring passive smoke 80 

exposure and respiratory illnesses during childhood, and subsequent active smoking. 81 

Results Paternal pre-pubertal passive smoke exposure was associated with the Below Average FEV1 82 

(adjusted multinomial odds ratio [aMOR] 1.56; 95% CI 1.05-2.31) and Early Low-Rapid Decline 83 

FEV1/FVC trajectories (aMOR 2.30; 1.07-4.94) in offspring. The association with the Below Average 84 

FEV1 trajectory was augmented for offspring exposed to childhood passive smoke (aMOR 2.36; 1.34-85 

4.13; p-interaction 0.053). Observed associations partly mediated through smoking and respiratory 86 

illnesses in fathers and offspring (each contributing <15%). 87 

Conclusion Paternal pre-pubertal passive smoke exposure was associated with impaired lung 88 

function trajectories in offspring, which highlights the adverse impact of smoking on multiple 89 

generations. 90 

Word count: 250/250 91 

 92 

Key words Tobacco and the lung, COPD epidemiology  93 
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 94 

Key messages 95 

What is already known on this topic 96 

Paternal adverse exposure before their own completing puberty, such as pre-pubertal passive smoke 97 

exposure, was associated with childhood asthma by age 7 years in their offspring. However, its long- 98 

term association with lifetime lung function trajectories in the offspring was not investigated. 99 

 100 

What this study adds 101 

Paternal pre-pubertal passive smoke exposure was associated with impaired lung function trajectories 102 

at risk of chronic obstructive pulmonary disease in their offspring. This association was further 103 

exacerbated when offspring also experienced passive smoke exposure during their own childhood. 104 

 105 

How this study might affect research, practice or policy 106 

Passive smoke exposure before completing puberty may intergenerationally impair lung function in 107 

future generations and this information about intergenerational impacts can inform public health 108 

messages about the harms of passive smoke exposure. 109 

  110 
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INTRODUCTION 111 

Chronic lung diseases, especially chronic obstructive pulmonary disease (COPD), are significant 112 

public health problems. COPD is now globally the third leading cause of death,[1] accounting for 113 

approximately 3.2 million deaths annually.[2] The burden of COPD is projected to increase in the 114 

coming decades given the overarching aging trend and high prevalence of exposure to relevant risk 115 

factors, such as tobacco smoking and air pollution.[3] Nonetheless, besides smoking avoidance and 116 

cessation, effective prevention for COPD is still a challenge,[4] which is largely due to insufficient 117 

knowledge of other modifiable risk factors and susceptibility windows. 118 

 119 

COPD is usually diagnosed when lung function deficits reach a threshold, i.e. fixed airflow limitation, 120 

but there are many years of progressive airway damage before this occurs.[5] The lungs may be 121 

particularly vulnerable during one or more susceptibility windows throughout the lifespan.[6] In 122 

contrast to using lung function at a single time point to predict COPD development, emerging 123 

research has identified distinct lung function trajectories based on multiple time points since 124 

childhood or early adulthood.[7-9] This has highlighted several disadvantaged groups who have 125 

impaired lung growth, do not reach maximum lung function in early adulthood and/or have more 126 

rapid lung function decline, resulting in an increased risk of developing COPD in middle age.[5] 127 

Specifically, the Tasmanian Longitudinal Health Study (TAHS) has identified three distinct impaired 128 

lifetime lung function trajectories from ages 7 to 53 years which together accounted for 75% of 129 

subsequent COPD burden.[8] These findings have led to substantial interest in identifying patients 130 

during pre-COPD stage by tracking their longitudinal lung function trajectories. Moreover, to reduce 131 
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the burden of COPD, it is crucial to identify the determinants of impaired pre-COPD lung function 132 

trajectories.[10] 133 

 134 

Multiple risk factors throughout the lifespan may increase the risk of lung function deficits and 135 

subsequent COPD and associations have been documented between both early life (e.g. passive or 136 

second-hand tobacco smoke exposure and childhood respiratory illnesses) and also adult risk factors 137 

(e.g. active smoking and respirable occupational hazards).[6,8-10] Recently, there has been increasing 138 

interest in intergenerational transmission of exposure to risk factors.[11] Some emerging evidence has 139 

suggested maternal passive smoke exposure during their own intrauterine life as a risk factor for 140 

childhood asthma in their offspring.[12-15] Active paternal smoking before age 15 years (pre-puberty) 141 

increased the risk of childhood asthma and early lung function deficits in their offspring.[16,17] The 142 

association between active paternal pre-pubertal smoking and asthma even persisted into adulthood 143 

in their offspring.[18] Our preliminary analysis extended from active smoking to passive smoke 144 

exposure during paternal pre-puberty and identified an association between this paternal smoke 145 

exposure and childhood asthma in their offspring.[19] Thus, we hypothesised that the intergenerational 146 

association of passive smoke exposure before paternal completing puberty might persist well into 147 

offspring adulthood, impairing their lifetime lung function trajectory. 148 

 149 

This study aimed to assess: 1) associations between paternal pre-pubertal passive smoke exposure 150 

and lung function trajectories from childhood to middle age and development of COPD by age 53 151 

years in their offspring; and, 2) to what extent any such associations were mediated through or 152 
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modified by other factors in fathers and offspring. 153 

 154 

METHODS 155 

Study cohort 156 

This study was based on the TAHS, which commenced in 1968 (baseline) and recruited 8,583 157 

probands (denoted as “offspring” in this paper) who were born in 1961 and were attending schools in 158 

Tasmania, Australia.[20] A total of 8,022 (93.5%) such offspring underwent spirometry. Parents 159 

completed a comprehensive baseline respiratory health-based survey for themselves and their 160 

offspring. Thereafter, follow-up studies were initiated when the offspring were aged 13, 18, 43, 50, 161 

and 53 years, which included spirometry and surveys for demographics and respiratory 162 

symptoms/diseases. Of 7,243 parents who were alive and could be traced in 2010, a total of 5,111 163 

(70.6%) were resurveyed. Of 5,097 parents with valid data, 2,096 were fathers. 164 

 165 

Exposure measurement 166 

Paternal pre-pubertal passive smoke exposure was ascertained in the 2010 TAHS Parents Postal 167 

Survey. Fathers of the offspring responded to the questions, “Did your father smoke when you were 168 

less than 5 years?”, “Did your father smoke when you were aged 5-15 years?”, “Did your mother 169 

smoke when you were less than 5 years?” and “Did your mother smoke when you were aged 5-15 170 

years?”. Fathers with an affirmative answer to passive smoke exposure during any one of these 171 

periods to either of their own parents were labelled as exposed. 172 
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 173 

Outcome measurement 174 

Pre-bronchodilator lung function parameters of offspring, including forced expiratory volume in the 175 

first second (FEV1), forced vital capacity (FVC), and FEV1/FVC, were measured at six time points 176 

according to the American Thoracic Society and European Respiratory Society criteria.[21] Offspring 177 

lung function trajectories from their ages 7 to 53 years (7, 13, 18, 45, 50, and 53) had been previously 178 

modelled in the TAHS using group-based trajectory modelling. Specifically, six FEV1 trajectories, 179 

five FVC trajectories, and six FEV1/FVC trajectories had been reported (figure 1).[8,9] Spirometry-180 

defined COPD in parents’ offspring at age 53 years was defined as a post-bronchodilator FEV1/FVC 181 

less than the lower limit of normal.[8] 182 

 183 

Statistical analyses 184 

The adjustment for socio-economic indexes for area - the index of relative socio-economic 185 

disadvantage (SEIFA-IRSD) scores of parents in adjusted model 1 was guided by a Directed Acyclic 186 

Graph that suggested a minimal sufficient adjustment set of confounders.[22] SEIFA-IRSD scores of 187 

parents were adjusted for as a proxy for paternal socio-economic status (methods S1-S2, figure S1). 188 

Furthermore, paternal lifetime history of asthma/wheeze was adjusted as a proxy for potential genetic 189 

risk factors,[23] and paternal age at baseline in adjusted model 2.[17] Variance Inflation Factor (VIF) 190 

was used to assess multicollinearity among the exposure of interest (paternal pre-pubertal passive 191 

smoke exposure) and confounders (SEIFA-IRSD scores of parents, paternal lifetime history of 192 

asthma/wheeze, and paternal age at baseline). Statistical significance for multicollinearity was 193 
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defined as a VIF value above 5.[24] Multinomial logistic regressions then estimated the associations 194 

between paternal pre-pubertal passive smoke exposure and lung function trajectories from ages 7 to 195 

53 years in their offspring. Results were presented as multinomial odds ratios (MOR) and when 196 

adjusted as aMOR. The adjusted models were fitted using father-offspring pairs with complete data 197 

on the exposure, outcomes, and confounders. Logistic regressions assessed the associations between 198 

the paternal exposure and spirometry-defined COPD at age 53 years in their offspring. 199 

 200 

Causal mediation analysis was conducted using the medeff programme to estimate the proportion of 201 

the total effect mediated through different pathways. Medeff, based on methods by Imai et al., 202 

provides robust standard errors with confidence intervals to assess mediation for each potential 203 

mediator.[25,26] Mediation was considered significant if the 95% confidence interval did not include 204 

0%. Joint mediation was also of interest. Since medeff does not support this, the KHB method was 205 

used instead,[27] although it does not provide confidence intervals. It was speculated that paternal pre-206 

pubertal passive smoke exposure might partly contribute to unhealthy lifestyles, including active 207 

paternal smoking, offspring passive smoke exposure during childhood (by age 7 years) due to active 208 

parental smoking, and active offspring smoking by middle age (53 years). Paternal pre-pubertal 209 

passive smoke exposure might also lead to early-life disadvantages, such as offspring preterm birth, 210 

low birthweight, and respiratory illnesses, including childhood asthma/wheeze, bronchitis, food 211 

allergy, and pneumonia/pleurisy. These disadvantages might then influence the offspring lung 212 

function trajectory.[19,28] 213 

 214 
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Likelihood ratio test assessed whether the inclusion of an interaction term between the exposure and 215 

a potential effect modifier improved model fit in multinomial logistic regressions.[29] The null 216 

hypothesis of no effect modification was tested. Effect modifiers considered in this analysis were 217 

active paternal smoking, offspring sex at birth, respiratory illnesses during childhood, passive smoke 218 

exposure during childhood, and active smoking by middle age. Statistical significance for 219 

associations and interactions was defined as p-values lower than 0.05 and 0.10, respectively. If the 220 

test for interaction between the exposure and a potential effect modifier was significant, the analysis 221 

was stratified by this effect modifier. 222 

 223 

To exclude the influence of offspring asthma, a sensitivity analysis was conducted by excluding 224 

offspring who reported asthma/wheeze by age 53 years to assess the association between paternal 225 

pre-pubertal passive smoke exposure and offspring lung function trajectories. To assess the influence 226 

of missing confounder data, another sensitivity analysis was conducted using multiple imputation 227 

(methods S3). 228 

 229 

To compare included and excluded father-offspring pairs, chi-squared or t-tests were used for their 230 

characteristics. Definitions of confounders, mediators and effect modifiers are provided in the 231 

supplementary (methods S4). All analyses were carried out using STATA version 18 (StataCorp, 232 

College Station, TX, USA). 233 

 234 
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RESULTS 235 

Characteristics of participants 236 

In this analysis, a total of 890 father-offspring pairs with data on paternal pre-pubertal passive smoke 237 

exposure and lung function data of offspring at age 53 years were included (figure S2). The prevalence 238 

of paternal pre-pubertal passive smoke exposure was 68.7%. The prevalence of offspring childhood 239 

passive smoke exposure was 56.5%. Forty nine percent of the offspring had a history of active 240 

smoking by middle age. A total of 5.1% of offspring had developed spirometry-defined COPD by 241 

middle age (table 1).  242 

 243 

Compared to the offspring not included in the analyse, those included had similar characteristics 244 

except that those included had a lower prevalence of childhood passive smoke (56.5% vs. 72.1%, p 245 

< 0.001) and a lower prevalence of active smoking by middle age (49.0% vs. 59.0%, p < 0.001). In 246 

addition, compared to the fathers excluded, those included in the analyse were younger at the baseline 247 

in 1968 (34.7±5.3 years vs. 37.2±7.1, p < 0.001) and socio-economically advantaged (SEIFA-IRSD 248 

994.0±44.0 scores vs. 989.9±45.5, p = 0.016). There was also some evidence suggesting that the 249 

fathers included in the analysis had a slightly lower prevalence of pre-pubertal passive smoke 250 

exposure compared to those excluded (68.7% vs. 72.8%, p = 0.053) (table S1). 251 

 252 

Associations between paternal pre-pubertal passive smoke exposure and lung function 253 

trajectories and spirometry-defined COPD in their offspring 254 
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The VIFs for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and paternal 255 

age at baseline were all 1.01 or less, indicating no significant multicollinearity. After adjusting for 256 

SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and paternal age at 257 

baseline, paternal pre-pubertal passive smoke exposure was associated with increased odds of having 258 

the Below Average FEV1 trajectory (aMOR 1.56; 95% CI 1.05-2.31; p = 0.028) in their offspring 259 

(table 2). No significant associations were found for FVC trajectories (table S2). For the FEV1/FVC 260 

trajectories, after adjustments, paternal pre-pubertal passive smoke exposure was also associated with 261 

the Early Low-Rapid Decline FEV1/FVC trajectory (aMOR 2.30; 95% CI 1.07-4.94; p = 0.033) in 262 

their offspring (table 3). The associations for Early Low-Normal Decline FEV1/FVC trajectory in 263 

offspring were found only in the crude model but became non-significant in the adjusted models 264 

(table 3). Aside from significant associations identified for the Below Average FEV1 and the Early 265 

Low-Rapid Decline FEV1/FVC trajectories, there were trends for paternal pre-pubertal passive smoke 266 

exposure to be associated with increased odds of other impaired trajectories. However, the p-values 267 

were well above the traditional cut-off of 0.05 and even above 0.1 suggesting the evidence was weak. 268 

Furthermore, a moderate association was shown between the paternal exposure and spirometry-269 

defined COPD at age 53 years in their offspring, but the association was non-significant after 270 

adjustments (adjusted odds ratio [aOR] 2.06; 95% CI 0.93-4.55; p = 0.073) (table S3). 271 

 272 

Mediation analyses: proportions of mediations between paternal pre-pubertal passive smoke 273 

exposure and impaired lung function trajectories in their offspring 274 

For the total effect between paternal pre-pubertal passive smoke exposure and the Below Average 275 
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FEV1 trajectory in their offspring, active paternal smoking, active offspring smoking and childhood 276 

passive smoke exposure contributed 13.7% (95% CI 7.7-59.5%), 13.4% (95% CI 7.6-52.4%), and 277 

10.9% (95% CI 6.0-47.4%), respectively (figure 2). The other mediators examined, namely offspring 278 

asthma/wheeze, bronchitis, and pneumonia/pleurisy during childhood demonstrated limited 279 

mediations (each contributing ≤2.0%). Offspring preterm birth, low birthweight, and childhood food 280 

allergy did not show mediations. Jointly, all mediators accounted for 14.1% of the total effect. 281 

 282 

For the association with offspring Early Low-Rapid Decline FEV1/FVC trajectory, offspring 283 

childhood asthma accounted for 14.8% (95% CI 7.6-73.7%). Their childhood passive smoke exposure 284 

and active paternal smoking contributed 12.4% (95% CI 6.4-57.7%) and 11.3% (95% CI 6.0-53.5%), 285 

respectively (figure 3). Other mediators examined, as above, demonstrated limited mediations (each 286 

contributing <7%). Jointly, all mediators accounted for 10.1% of the total effect. 287 

 288 

Interactions: paternal pre-pubertal passive smoke exposure and potential effect modifiers 289 

Substantial interactions were observed between paternal pre-pubertal passive smoke exposure and 290 

potential effect modifiers, including offspring passive smoke exposure (p-interaction = 0.053), 291 

pneumonia/pleurisy (p-interaction = 0.008), and food allergy during childhood (p-interaction = 0.071) 292 

(table S4). Specifically, the association between the relevant paternal smoke exposure and offspring 293 

risk of developing the Below Average FEV1 trajectory was especially pronounced in the offspring 294 

who also experienced passive smoke exposure during childhood (aMOR 2.36; 95% CI 1.34-4.13; p 295 

= 0.003) compared to those who did not (aMOR 0.90; 95% CI 0.51-1.60; p = 0.73) (table S5). 296 
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 297 

Furthermore, stratified analysis revealed that the association between the paternal exposure and the 298 

Below Average FEV1 trajectory in offspring was more evident in offspring without childhood 299 

pneumonia/pleurisy (aMOR 1.96; 95% CI 1.26-3.04; p = 0.003) (table S6). Similarly, the association 300 

between the paternal exposure and Early Low-Rapid Decline FEV1/FVC trajectory in offspring was 301 

more evident in offspring without childhood food allergy (aMOR 3.85; 95% CI 1.45-10.19; p = 0.007) 302 

(table S7). There were no statistically significant interactions between paternal pre-pubertal smoke 303 

exposure and active paternal smoking, offspring sex at birth or their having asthma/wheeze and/or 304 

bronchitis during childhood or actively smoking by middle age (all p-interaction > 0.1) (table S4). 305 

 306 

Sensitivity analyses 307 

After excluding offspring who reported a history of asthma/wheeze by age 53 years, the association 308 

for the Below Average FEV1 trajectory remained evident (aMOR 2.07; 95% CI 1.24-3.46; p = 0.005) 309 

(table S8). For the Early Low-Rapid Decline FEV1/FVC trajectory, the point estimates remained 310 

similar between the original and sensitivity analyses (2.30 vs. 2.42), but the 95% confidence intervals 311 

widened in the sensitivity analysis (aMOR 2.42; 95% CI 0.51-11.43; p = 0.27) (table S9). The upper 312 

bound of the 95% CI still suggested some signal, while the wide CI indicated limited power.  313 

 314 

After applying multiple imputation, the associations remained evident for both the Below Average 315 

FEV1 trajectory (aMOR 1.56; 95% CI 1.08-2.27; p = 0.018) and the Early Low-Rapid Decline 316 
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FEV1/FVC trajectory (aMOR 2.64; 95% CI 1.24-5.60; p = 0.011) (table S10). Similar results in 317 

complete-case and imputed analyses support the robustness of observed associations. 318 

 319 

DISCUSSION 320 

This is the first study to provide evidence for adverse association between pre-pubertal passive smoke 321 

exposure in fathers and impaired lung function trajectories from childhood to middle age in their 322 

offspring, prior to their clinical manifestation of COPD (pre-COPD). We found that paternal pre-323 

pubertal smoke exposure was associated with increased odds of developing the Below Average FEV1 324 

and the Early Low-Rapid Decline FEV1/FVC trajectories for their offspring. These associations were 325 

not substantially mediated through active smoking or respiratory illnesses in fathers or offspring. 326 

However, the adverse association of the paternal passive smoke exposure on the Below Average FEV1 327 

trajectory in their offspring was augmented by passive smoke exposure during offspring childhood.  328 

 329 

This study extends the scope of intergenerational research by extending the focus from active paternal 330 

pre-pubertal smoking to indirectly including active grandparental smoking, exploring its association 331 

with long-term lung function from childhood to middle age in the offspring. We are unable to directly 332 

compare this study with previous research, because ours is the first to investigate passive smoke 333 

exposure before paternal completing puberty on lung function by offspring middle age. However, our 334 

findings are in line with studies investigating the association between active pre-pubertal smoking 335 

and early-life lung function or asthma. According to the findings from European Community 336 

Respiratory Health Survey (ECRHS), which included 274 fathers and their offspring, active paternal 337 
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smoking during pre-puberty was associated with reduced FEV1 levels at a median age of 28 years in 338 

their offspring.[17] Some studies have reported evidence of associations between active paternal 339 

smoking during pre-puberty and offspring asthma from childhood to adult life.[16,18] 340 

 341 

The inheritance of smoking behaviours and/or epigenetic mechanisms may explain the observed 342 

associations. This study found wide 95% confidence intervals with high upper bound (>50%) for 343 

mediation by some mediators, such as active paternal smoking and offspring passive smoke exposure. 344 

Therefore, inheritance of smoking behaviours, could link paternal passive smoke exposure to 345 

impaired lung function in offspring. A parental history of active smoking increased the odds of 346 

adolescent offspring becoming active smokers by 2.8-fold.[30] Moreover, active smoking is a known 347 

risk factor for respiratory illnesses in smokers and their offspring.[31] However, our analysis also 348 

suggested that point estimates for mediation by each mediator were modest (<15%). This implied that 349 

the remaining association may be a direct effect of paternal pre-pubertal passive smoke exposure on 350 

the impaired lung function trajectories of their offspring. A similar direct effect was reported for active 351 

paternal smoking during pre-puberty and epigenetics have been proposed as potential mechanisms.[17] 352 

Pre-puberty represents a specific vulnerable window for males, during which exposure to harmful 353 

substances may induce epigenetic dysregulations of developing sperm cells and modify repair 354 

mechanisms through modifications in reactive oxygen species levels in sperm precursors.[32] Such 355 

epigenetic modifications may be heritable and result in DNA methylation abnormalities in offspring 356 

cord blood,[32] which link to their lung function development.[33] 357 

 358 
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Our findings indicated that the association between paternal pre-pubertal passive smoke exposure and 359 

their offspring risk of having impaired lung function trajectories was augmented in those offspring 360 

who experienced additional passive smoke exposure during childhood, and the association was 361 

attenuated in the offspring without such childhood exposure. These results are in line with the 362 

potentially reversible nature of epigenetic modifications described in humans, with partial 363 

reversibility of the methylome after interventions, including exercise and smoking cessation for more 364 

than three months.[34,35] 365 

 366 

In the rest of the stratified analysis, our results demonstrated pronounced associations in offspring 367 

without pneumonia/pleurisy or food allergy during childhood. Given that early-onset pneumonia and 368 

food allergy are important contributors to lung function deficits,[8,28] their impact could potentially 369 

mask the influence of paternal pre-pubertal passive smoke exposure on offspring lung function. 370 

However, the pronounced associations in offspring without these respiratory illnesses suggest that 371 

paternal pre-pubertal passive smoke exposure may still be associated with lung function deficits in 372 

their offspring. 373 

 374 

The major strength of this study was that the TAHS is a longitudinal cohort study with unique lung 375 

function data at six waves from ages 7 to 53 years, allowing examination of lung function trajectories. 376 

Furthermore, pre-pubertal health has been found to significantly affect future life outcomes.[36,37] Our 377 

discoveries advance preventive approaches for addressing lung function deficits in future generations 378 

by targeting adverse exposures during their paternal pre-puberty stage. The rich data collected on 379 
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active paternal smoking, offspring passive smoke exposure, respiratory illnesses, and active smoking 380 

enabled a thorough analysis of potential mediators and effect modifiers. More importantly, our 381 

findings are novel as this is the first study to investigate and provide evidence for adverse association 382 

of paternal pre-pubertal passive smoke exposure, rather than just active smoking on impaired lung 383 

function of offspring by middle age. This is of importance from a public health perspective, as passive 384 

smoke exposure affects about 63% of adolescents,[38] which is significantly higher than the 385 

approximately 7% affected by active smoking.[39] 386 

 387 

This study has some limitations. Fathers with asthma/wheeze might have recall bias regarding pre-388 

pubertal passive smoke exposure, potentially overestimating the associations observed. However, 389 

prior studies suggest high consistency between adult offspring and parental reports of parental 390 

smoking during offspring childhood.[40] Thus, recall bias was unlikely to have significantly influenced 391 

the associations observed. The prevalence of paternal pre-pubertal passive smoke exposure was 392 

slightly lower among included fathers than those excluded, likely introducing bias toward the null. 393 

Post-bronchodilator lung function was first measured in offspring in their fifth decade, while pre-394 

bronchodilator data from ages 7 to 53 were used to develop lung function trajectories.[8,9] Differences 395 

between pre- and post-bronchodilator trajectories warrant further investigation. TAHS lacks data on 396 

paternal lung function and genetics, preventing assessment of familial aggregation as a potential 397 

mechanism. Offspring childhood passive smoke exposure was defined as at least one parent smoking 398 

six days per week. This might have misclassified moderate/light smokers as non-smokers, limiting 399 

our ability to detect mediation. Most fathers exposed to pre-pubertal passive smoke had continuous 400 

exposure from birth to age 15 years, making it difficult to isolate effects of specific exposure windows. 401 
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The use of a TAHS subset might limit the generalisability of findings. 402 

 403 

In conclusion, this study revealed that paternal pre-pubertal passive smoke exposure was associated 404 

with impaired pre-COPD lung function trajectories across first six decades of their offspring lives, 405 

including the Below Average FEV1 and Early Low-Rapid Decline FEV1/FVC trajectories. These 406 

findings suggest that smoking may adversely affect lung function not only in smokers but also in their 407 

children and grandchildren. The association of such paternal exposure was augmented when offspring 408 

were also exposed to passive smoke during childhood, highlighting an opportunity for intervention. 409 

Fathers exposed to tobacco smoke during pre-puberty may still reduce risk for future generations by 410 

avoiding smoking around their children. The weaker associations observed for other impaired lung 411 

function trajectories should be interpreted with caution. 412 

  413 
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Table 1. Characteristics of the offspring and their fathers 414 

 Offspring of fathers (n = 890) 

Birthweight (kg), mean (SD) 3.3 (0.6) 

 Missing, n 194 

Height at age 53 years (cm), mean (SD) 170.1 (8.7) 

 Missing, n 3 

Weight at age 53 years (kg), mean (SD) 82.2 (17.1) 

 Missing, n 3 

Sex at birth, male, n (%) 433 (48.7) 

Birthplace  

 Tasmania, Australia, n (%) 804 (90.7) 

 Other Australian state or territory, n (%) 45 (5.1) 

 UK, NZ, SA, Canada or USA, n (%) 28 (3.2) 

 Other overseas country, n (%) 9 (1.0) 

 Missing, n 4 

Passive smoke exposure by age 7 years, n (%) 500 (56.5) 

 Missing, n 5 

Active smoking by age 53 years, n (%) 436 (49.0) 

 Missing, n 1 

Spirometry-defined COPD at age 53 years*, n (%) 45 (5.1) 

 Fathers (n = 890) 

Age at baseline when offspring aged 7 years (years), mean (SD) 34.7 (5.3) 

 Missing, n 12 

SEIFA-IRSD (scores), mean (SD) 994.0 (44.0) 

 Missing, n 94 

Pre-pubertal passive smoke exposure, n (%) 611 (68.7) 

Active smoking  

 Never smoked, n (%) 347 (39.7) 

 Smoking debuted before age 15 years, n (%) 113 (12.9) 

 Smoking debuted after age 15 years, n (%) 415 (47.4) 

 Missing, n 15 

Lifetime history of asthma/wheeze, n (%) 147 (16.8) 

 Missing, n 13 

* Spirometry-defined COPD was defined as a post-bronchodilator FEV1/FVC ratio less than the lower limit of normal at 415 

age 53 years. 416 

Kg, kilogram; SD, standard deviation; cm, centimetre; UK, United Kingdom; NZ, New Zealand; SA, South Africa; USA, 417 

United States of America; COPD, chronic obstructive pulmonary disease; SEIFA-IRSD, socio-economic indexes for 418 

areas - the index of relative socio-economic disadvantage; FEV1/FVC, ratio of forced expiratory volume in the first second 419 

to forced vital capacity. 420 
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Table 2. Associations between paternal pre-pubertal passive smoke exposure and FEV1 trajectories 422 

from ages 7 years to 53 years in their offspring 423 

Paternal pre-pubertal 

passive smoke exposure 

n./total n. (%)* Crude model 

MOR (95% CI) 

p-value 

Adjusted model 1 

aMOR (95% CI) 

p-value 

Adjusted model 2 

aMOR (95% CI) 

p-value 

 Trajectory: Average (n = 337) 

 

Not exposed 121/253 (47.83) Base outcome (ref.) 

Exposed 216/564 (38.30) 

 Trajectory: Early Below Average-Accelerated Decline (n = 37) 

 

Not exposed 10/253(3.95)    

Exposed 27/564 (4.79) 1.51 (0.71-3.23) 

0.29 

1.68 (0.76-3.71) 

0.20 

1.59 (0.71-3.56) 

0.26 

 Trajectory: Early Low-Normal Decline (Persistently Low) (n = 46) 

 

Not exposed 12/253 (4.74)    

Exposed 34/564 (6.03) 1.59 (0.79-3.18) 

0.19 

1.54 (0.74-3.20) 

0.25 

1.46 (0.69-3.09) 

0.32 

 Trajectory: Below Average (n = 233) 

 

Not exposed 62/253 (24.51)    

Exposed 171/564 (30.32) 1.55 (1.07-2.23) 

0.020 

1.50 (1.02-2.20) 

0.040 

1.56 (1.05-2.31) 

0.028 

 Trajectory: Early Low-Catch Up-Normal Decline  

(Early Low-Accelerated Growth-Normal Decline) (n = 66) 

 

Not exposed 21/253 (8.30)    

Exposed 45/564 (7.98) 1.20 (0.68-2.11) 

0.53 

1.18 (0.66-2.09) 

0.57 

1.15 (0.63-2.08) 

0.65 

 Trajectory: Early High-Normal Decline (Persistently High) (n = 98) 

 

Not exposed 27/253 (10.67)    

Exposed 71/564 (12.59) 1.47 (0.90-2.42) 

0.13 

1.48 (0.86-2.52) 

0.16 

1.45 (0.84-2.50) 

0.18 

MORs, aMORs, and p-values from multinomial logistic regressions. Statistically significant MORs, aMORs, and p-values 424 

were reported in bold.  425 

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 426 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal age at 427 

baseline. 428 

* Numbers of each trajectory in each exposure category. 429 

FEV1, forced expiratory volume in the first second; aMOR, adjusted multinominal odds ratio; 95% CI, 95% confidence 430 

interval; SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage.  431 
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Table 3. Associations between paternal pre-pubertal passive smoke exposure and FEV1/FVC 432 

trajectories from ages 7 years to 53 years in their offspring 433 

Paternal pre-pubertal 

passive smoke exposure 

n./total n. (%)* Crude model 

MOR (95% CI) 

p-value 

Adjusted model 1 

aMOR (95% CI) 

p-value 

Adjusted model 2 

aMOR (95% CI) 

p-value 

 Trajectory: Average (n = 414) 

 

Not exposed 147/253 (58.10) Base outcome (ref.) 

Exposed 267/563 (47.42) 

 Trajectory: Early Low-Rapid Decline (n = 53) 

 

Not exposed 9/253 (3.56)    

Exposed 44/563 (7.82) 2.69 (1.28-5.67) 

0.009 

2.42 (1.14-5.14) 

0.022 

2.30 (1.07-4.94) 

0.033 

 Trajectory: Early Normal-Rapid Decline (n = 43) 

 

Not exposed 16/253 (6.32)    

Exposed 27/563 (4.80) 0.93 (0.48-1.78) 

0.83 

0.94 (0.47-1.88) 

0.86 

0.84 (0.41-1.69) 

0.62 

 Trajectory: Early Low-Normal Decline (n = 146) 

 

Not exposed 37/253 (14.62)    

Exposed 109/563 (19.36) 1.62 (1.06-2.48) 

0.025 

1.39 (0.90-2.16) 

0.14 

1.35 (0.86-2.12) 

 0.19 

 Trajectory: Early Low-Catch Up-Normal Decline (n = 25) 

 

Not exposed 5/253 (1.98)    

Exposed 20/563 (3.55) 2.20 (0.81-5.99) 

0.12 

1.96 (0.71-5.40) 

0.19 

2.32 (0.76-7.05) 

0.14 

 Trajectory: Early High-Normal Decline (n = 135) 

 

Not exposed 39/253 (15.42)    

Exposed 96/563 (17.05) 1.36 (0.89-2.07) 

0.16 

1.24 (0.79-1.94) 

0.35 

1.22 (0.77-1.92) 

0.40 

MORs, aMORs, and p-values from multinomial logistic regressions. Statistically significant MORs, aMORs, and p-values 434 

were reported in bold.  435 

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 436 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal age at 437 

baseline. 438 

* Numbers of each trajectory in each exposure category. 439 

FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity; aMOR, adjusted multinominal 440 

odds ratio; 95% CI, 95% confidence interval; SEIFA-IRSD, socio-economic indexes for areas - the index of relative 441 

socio-economic disadvantage. 442 
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 444 

 445 

This figure illustrates the lung function trajectories analysed in the study. Each trajectory was separately derived based 446 

on z-scores at offspring ages 7, 13, 18, 45, 50, and 53 years in previous analyses.[8,9] 447 

FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; FEV1/FVC, ratio of forced expiratory 448 

volume in the first second to forced vital capacity. 449 

 450 

Figure 1. Illustration of offspring lung function trajectories 451 
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 453 

 454 

This figure illustrates the percentage of mediation for each mediator, assessed individually using the medeff 455 

programme.[25,26] A solid unidirectional path represents the indirect effect through a mediator, while a dashed 456 

unidirectional path indicates the potential direct effect. 457 

Analyses were adjusted for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and paternal age 458 

at baseline. 459 

Analyses were also conducted for active paternal smoking debuted before their own age of 15 years, offspring preterm 460 

birth, low birthweight, and food allergy by age 7 years; however, no evidence of mediation was found. Therefore, these 461 

variables are not illustrated in this figure. 462 

FEV1, forced expiratory volume in the first second; 95% CI, 95% confidence interval; SEIFA-IRSD, socio-economic 463 

indexes for areas - the index of relative socio-economic disadvantage. 464 

 465 

Figure 2. Mediations of the association between paternal pre-pubertal passive smoke exposure and 466 

Below Average FEV1 trajectory from ages 7 years to 53 years in their offspring 467 
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 469 

 470 

This figure illustrates the percentage of mediation for each mediator, assessed individually using the medeff 471 

programme.[25,26] A solid unidirectional path represents the indirect effect through a mediator, while a dashed 472 

unidirectional path indicates the potential direct effect. 473 

Analyses were adjusted for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and paternal age 474 

at baseline. 475 

Analyses were also conducted for active paternal smoking debuted before their own age of 15 years, offspring preterm 476 

birth, and food allergy by age 7 years; however, no evidence of mediation was found. Therefore, these variables are not 477 

illustrated in this figure. 478 

FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity; 95% CI, 95% confidence interval; 479 

SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage. 480 

 481 

Figure 3. Mediations of the association between paternal pre-pubertal passive smoke exposure and 482 

Early Low-Rapid Decline FEV1/FVC trajectory from ages 7 years to 53 years in their offspring 483 
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Supplementary Methods 

 

Methods S1. Identification of minimum set of potential confounders 

 

The Directed Acyclic Graph (DAG) illustrated the hypothesised causal relationships between variables, 

which we used to guide the identification of minimum set of potential confounders in the analyses.1 

Variables and their potential associations (depicted by an arrow) included in the DAG model were based 

on prior (expert) knowledge and existing literature. The following DAG model (figure S1) for this 

analysis was developed using DAGitty v3.0 software.1 Multicollinearity between variables was 

subsequently assessed for the regression models. 

 

According to the following DAG model, the socio-economic status of paternal grandparents (labelled 

as “PGP_social_class”) was represented by a pink circle with a pink border, indicating that it was 

identified as a potential confounder of the association between the exposure (paternal pre-pubertal 

passive smoke exposure) and the primary outcomes (offspring impaired lung function trajectories from 

ages 7 to 53 years). Although the socio-economic status of paternal grandparents was not measured in 

the Tasmanian Longitudinal Health Study (TAHS), adjusting for paternal socio-economic status 

(labelled as “P_social_class”; represented by a white circle with a black border) could block potential 

biasing pathways. The socio-economic indexes for area - the index of relative socio-economic 

disadvantage (SEIFA-IRSD) score was then adjusted for as a proxy for paternal socio-economic status 

in this analysis. The use of SEIFA-IRSD scores was preferred because it was independently developed 

by the Australian Bureau of Statistics (ABS) and included a wide range of variables comprehensively 

representing socio-economic status, such as income, educational level, employment, occupation, 

housing and family structure.2,3 Unlike the data we collected in the TAHS, which might reflect only 

specific aspects of socio-economic status, such as occupation or educational level, SEIFA-IRSD scores 

provided a broader measure of social and economic disadvantage. This made SEIFA-IRSD score 

possibly a more reliable measure of socio-economic status. 

 



4 
 

 

Figure S1. DAG for minimum set of potential confounders in the father-offspring pairs 

 

Legends: A variable represented by a green circle with a black border, containing a black triangle: the exposure 

of interest in this analysis; A variable represented by a blue circle with a black border, containing the “I”: the 

outcome of interest in this analysis; A variable represented by a blue circle with a blue border: an ancestor of 

outcome; A variable represented by a pink circle with a pink border: an ancestor of both exposure and outcome; 

A variable represented by a white circle with a black border: an variable adjusted in the analysis to block biasing 

pathway(s); A variable represented by a grey circle with a grey border: other variable; A path represented by a 

green line with an unidirectional arrow: a causal path. 

 

P_family_history_asthma_(genetic_factors), family history of genetic factors of asthma and impaired lung 

function in the paternal ancestors; PGP_lungfunc, impaired lung function of paternal grandparents; PGP_asthma, 

history of asthma of paternal grandparents; PGP_social_class, socio-economic status of paternal grandparents; 

PGP_air_pollution, air pollution exposure of paternal grandparents; P_ps<15y, paternal pre-pubertal passive 

smoke exposure; P_smoking, active paternal smoking; P_living_environment<15y, paternal pre-pubertal living 

environment; P_asthma, paternal asthma;  P_copd, paternal COPD; P_age_childbirth, paternal age at childbirth; 

P_epigenetic_changes, paternal epigenetic changes in sperm precursor cells due to pre-pubertal passive smoke 

exposure; P_social_class, paternal socio-economic status; M_family_history_asthma_(genetic_factors), family 

history of genetic factors of asthma and impaired lung function in the maternal ancestors; M_ps<15, maternal pre-

pubertal passive smoke exposure; M_asthma, maternal asthma; M_copd, maternal COPD; M_social_class, 

maternal socio-economic status; M_living_environment, maternal living environment; M_smoking, active 

maternal smoking; O_lungfunc, offspring impaired lung function trajectory; O_copd, offspring COPD; 

O_smoking, active offspring smoking; O_social_class, offspring socio-economic status; O_asthma, offspring 

asthma; O_gestation, offspring gestational age; O_breastfeeding, offspring breast feeding status; O_age, offspring 

age; O_sex, offspring sex at birth; O_living_environment, offspring living environment.  
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Methods S2. Development of SEIFA-IRSD scores 

 

The initial socio-economic indexes for area - the index of relative socio-economic disadvantage 

(SEIFA-IRSD) scores were derived by Australian Bureau of Statistics (ABS) in 1986, summarising 

socio-economic conditions of the residents in a particular area based on their income, educational level, 

employment, occupation, housing and family structure.2,3 A lower SEIFA-IRSD score represents 

disadvantaged socio-economic status. 

 

In the analysis, the probands (denoted as “offspring” in this paper) of the TAHS were assigned an IRSD 

based on their postcode provided in their survey. As the survey dates do not align exactly with the ABS 

Census dates, where the SEIFA data used to calculate IRSD was generated, the closest available Census 

data was used. Where the SEIFA data had more than one IRSD assigned for the same postcode, a 

weighted IRSD was calculated proportional to the population in each sub-postcode.  

 

1. SEIFA Data extracted from ABS website: 

a. 2011 data: https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa 

 

b. 1986, 1991,1996, 2001, 2006, 2001 data: 

https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifapast?opendocume

nt&navpos=260   

 

c. 2016 Data available here but not extracted as no surveys to be matched to 

2. Prepare SEIFA data for merging into the TAHS data: 

a. For each year relevant, rename variables to standard names: 

i. SEIFA_IRSD_YYYY 

ii. SEIFA_IRSAD_YYYY 

iii. Postcode 

iv. Pop 

b. As postcodes have been split into multiple areas (i.e. multiple lines (sub-postcodes) 

& SEIFA values for the same postcode) for the years 1986 – 1996, a weighted 

SEIFA score was allocated to each postcode, by: 

i. Calculating the total postcode population by summing all the populations 

in rows with the same postcode 

ii. Calculating the weighted SEIFA value for a sub-postcode 

https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifapast?opendocument&navpos=260
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifapast?opendocument&navpos=260
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012016?OpenDocument
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iii. Summing all the weighted sub-postcode SEIFA values together to get the 

overall SEIFA value for the postcode. 

Example of SEIFA weighted variable creation: 

Creating weighted SEIFA values 

postcode population SEIFA 

population 

proportion weighted SEIFA 

postcode 

SEIFA 

3000 10,000 1,000 0.333 333.3333 1,200 

3000 10,000 1,200 0.333 400.0000 1,200 

3000 10,000 1,400 0.333 466.6667 1,200 

3001 5,000 500 0.2 100 900 

3001 20,000 1,000 0.8 800 900 

          

Deduplicate to:           

postcode SEIFA_IRSD_YYYY         

3000 1200         

3001 900         

 

3. Merge in SEIFA values to the TAHS dataset 

a. The created SEIFA variables from each year’s ABS are merged into the existing 

the TAHS data using the closest postcode possible. 
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Methods S3. Sensitivity analysis using multiple imputation 

 

To assess the potential influence of missing data in confounders, a sensitivity analysis was conducted 

using multiple imputation by chained equations (MICE) under the missing-at-random (MAR) 

assumption. The proportion of missing data in the fully adjusted models was relatively low (up to ~11%), 

making imputation appropriate. The following methodological considerations were applied in line with 

guidance by White et al.4: 

1. For reproducibility, we used a number of imputations approximately equal to the fraction of 

missing information × 100. For our data (~11% missing), this yielded 11 imputations, which 

we conservatively increased to 20. 

2. To avoid inflating standard errors, the primary outcomes, offspring impaired lung function 

trajectories, were not imputed. Furthermore, these trajectories were derived from observed 

spirometric z-scores across multiple follow-ups.5,6 If no lung function was recorded, no 

trajectory could be constructed. Given this structure and the reliance on observed data for valid 

trajectory derivation, imputation was not appropriate. 

3. The exposure variable, paternal pre-pubertal passive smoke exposure, had missingness due to 

“don’t know” responses. This reflects recall limitations rather than MAR conditional on 

observed data. Therefore, imputation in such cases was considered inappropriate.  

4. Continuous confounders, SEIFA-IRSD scores and paternal age at baseline, were imputed using 

linear regression models. Due to the right skew, paternal age was log-transformed prior to 

imputation to better approximate normality. After imputation, the variable was back-

transformed to the original scale for use in the multinomial logistic regressions. 

5. The binary variable, paternal lifetime asthma/wheeze, was imputed using the logistic regression 

model. 

6. Estimates and standard errors were combined across imputations using Rubin’s Rules.7 

 

Confounder Total (n) Complete data (n) Incomplete data (n) 

SEIFA-IRSD scores of parents 890 796 94 (10.6%) 

Paternal lifetime history of asthma/wheeze 890 877 13 (1.5%) 

Paternal age at baseline 890 878 12 (1.3%) 

SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage. 
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Methods S4. Questionnaire definitions of variables 

Variables Questions  Participants 

responded to the 

questions  

(Survey) 

Paternal variables 

Age at baseline when 

offspring aged 7 years 

“Age ☐☐” 

 

Fathers self-reported 

(1968 TAHS 

questionnaire_Baseline 

study) 

Pre-pubertal passive 

smoke exposure 

 

(i.e. passive smoke 

exposure before age 

15 years) 

“Did your father smoke... 

When you were less than 5 years? 

o No 

o Yes 

o Don’t know 

When you were aged 5-15 years? 

o No 

o Yes 

o Don’t know” 

 

“Did your mother smoke... 

When you were less than 5 years? 

o No 

o Yes 

o Don’t know 

When you were aged 5-15 years? 

o No 

o Yes 

o Don’t know” 

 

Definition in this analysis: 

• No (i.e. four negative responses were provided 

regarding passive smoke exposure from their own 

parents) 

• Yes (i.e. an affirmative answer to passive smoke 

exposure during any one of these periods to either 

of their own parents) 

Fathers self-reported 

(2010 TAHS Parents 

Postal Survey) 

Active smoking “In your lifetime, have you smoked at least 100 cigarettes 

or equal amount of cigars, pipes, or any other tobacco 

product? 

o No 

o Yes” 

 

“How old were you when you started smoking? 

☐☐ (age in years)” 

 

Definition in this analysis: 

• Never smoked 

• Smoking debuted before age 15 years  

• Smoking debuted after age 15 years 

Same as above 
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Lifetime history of 

asthma/wheeze 

“Have you, at any time in your life, suffered from attacks of 

asthma or wheezy breathing (Regard asthma and wheezy 

breathing as being much the same for this question.)? 

o No 

o Yes” 

Same as above 

Offspring variables 

Gestational age  “How long were you pregnant before delivery of this child 

(in weeks)? 

☐☐ ” 

Parents reported  

(2010 TAHS Parents 

Postal Survey) 

Preterm birth “How long were you pregnant before delivery of this child 

(in weeks)? 

☐☐ ” 

 

Definition in this analysis: 

• Term birth (i.e. gestational age of at least 37 

weeks) 

• Preterm birth (i.e. gestational age of less than 37 

weeks) 

Term birth was defined as a gestational age of at least 37 

weeks. Preterm birth was defined as a gestational age of less 

than 37 weeks.6 

Same as above 

Birthweight “What was this child’s birth weight? 

☐☐” 

 

Same as above 

Low birthweight “What was this child’s birth weight? 

☐☐” 

 

Definition in this analysis: 

• Normal birthweight (i.e. at least 2.5 kg) 

• Low birthweight (i.e. less than 2.5 kg) 

Normal birthweight was defined as a birth weight of at least 

2.5 kg. Low birthweight was defined as a birth weight of 

less than 2.5 kg.6 

Same as above 

Birthplace “Where was he/she born? 

o Tasmania 

o Other Australian State 

o United Kingdom, New Zealand, South Africa, 

Canada, United States of America 

o Other overseas country Please name ☐☐” 

Parents reported  

(1968 TAHS 

questionnaire_Baseline 

study) 

Passive smoke 

exposure by age 7 

years 

 

(i.e. passive smoke 

exposure during 

childhood) 

 

“Do you smoke every day (or six days out of seven)? 

o No 

o Yes” 

 

Definition in this analysis: 

• No (i.e. neither the father nor the mother smoked 

every day [or six days out of seven] when the 

offspring was 7 years old) 

• Yes (i.e. at least one parent smoked every day [or 

six days out of seven] when the offspring was 7 

years old) 

Same as above 
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Asthma/wheeze by 

age 7 years 

 

(i.e. childhood 

asthma/wheeze) 

“Has he/she at any time in his/her life suffered from attacks 

of asthma or of wheezy breathing? 

Note: Please regard ‘asthma’ and ‘wheezy breathing’ as 

being much the same thing for this survey; we do not ask 

you to try to tell the difference. 

o No 

o Yes” 

Same as above 

Bronchitis by age 7 

years 

 

(i.e. childhood 

bronchitis) 

“Has he/she at any time in his/her life suffered from attacks 

of bronchitis or attacks of cough with sputum (phlegm) in 

the chest (“loose” or “rattly” cough)? 

Note: Please regard ‘bronchitis’, ‘cough with sputum 

(phlegm) in the chest’ and ‘loose or rattly cough’ as being 

much the same thing for this survey; we do not ask you to 

try to tell the difference. 

o No 

o Yes” 

Same as above 

Food allergy by age 7 

years 

 

(i.e. childhood food 

allergy) 

“Have you been told by a doctor that he/she is allergic to 

any foods or medicines? 

o No 

o Yes” 

Same as above 

Pneumonia/pleurisy 

by age 7 years 

 

(i.e. childhood 

pneumonia/pleurisy) 

“Have you ever been told by a doctor that he/she had 

pneumonia or pleurisy? 

o No, Never 

o Yes, Once or twice 

o Yes, More than twice” 

 

Definition in this analysis: 

• No (i.e. never) 

• Yes (i.e. once or twice or more than twice) 

Same as above 

Active smoking by 

age 53 years 

 

(i.e. active offspring 

smoking by middle 

age) 

 

“In your lifetime, have you smoked at least 100 cigarettes 

or equal amounts of cigarettes? 

o No 

o Yes” 

 

Offspring self-reported 

(2012-2016 TAHS 

Men’s Questionnaire_ 

6th decade study & 

2012-2016 TAHS 

Women’s 

Questionnaire_ 6th 

decade study) 

Asthma/wheeze by 

age 53 years 

 

(i.e. offspring 

asthma/wheeze by 

middle age) 

“Have you, at anytime in your life, suffered from attacks of 

asthma of wheezy breathing? 

(Regard asthma and wheezy breathing as being much the 

same thing for this question.) 

o No 

o Yes” 

Same as above 

TAHS, the Tasmanian Longitudinal Health Study. 
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Supplementary Tables and Figures 

 

Table S1. Comparison of the characteristics of the offspring and their fathers included and excluded 

in this analysis 

 Offspring of fathers in 

this analysis 

 

Offspring of fathers 

excluded 

p-value* 

Birthweight (kg), mean (SD) 3.3 (0.6) 3.3 (0.6) 0.14 

Height at age 53 years (cm), mean (SD) 170.1 (8.7) 169.8 (10.3) 0.42 

Weight at age 53 years (kg), mean (SD) 82.2 (17.1) 82.6 (18.2) 0.52 

Sex at birth, male, n (%) 433 (48.7) 3,960 (51.5) 0.11 

Birthplace    

 Tasmania, Australia, n (%) 804 (90.7) 6,720 (90.4) 0.58 

 Other Australian state or territory, n (%) 45 (5.1) 446 (6.0) 

 UK, NZ, SA, Canada or USA, n (%) 28 (3.2) 214 (2.9) 

 Other overseas country, n (%) 9 (1.0) 57 (0.8) 

Passive smoke exposure by age 7 years, n 

(%) 

500 (56.5) 5,035 (72.1) < 0.001 

Active smoking by age 53 years, n (%) 436 (49.0) 1,601 (59.0) < 0.001 

Spirometry-defined COPD at age 53 

years†, n (%) 

45 (5.1) 94 (5.3) 0.81 

 Fathers in this analysis 

 

Fathers excluded p-value* 

Age at baseline when offspring aged 7 years 

(years), mean (SD) 

34.7 (5.3) 37.2 (7.1) < 0.001 

SEIFA-IRSD (scores), mean (SD) 994.0 (44.0) 989.9 (45.5) 0.016 

Pre-pubertal passive smoke exposure, n (%) 611 (68.7) 702 (72.8) 0.053 

Active smoking    

 Never smoked, n (%) 347 (39.7) 428 (37.5) 0.41 

 Smoking debuted before age 15 years, n 

(%) 

113 (12.9) 168 (14.7) 

 Smoking debuted after age 15 years, n 

(%) 

415 (47.4) 546 (47.8) 

Lifetime history of asthma/wheeze, n (%) 147 (16.8) 210 (18.0) 0.46 

Chi-squared tests were performed for categorical variables to compare included and excluded father-offspring 

pairs (i.e. offspring sex at birth, birthplace, passive smoke exposure by age 7 years, active smoking by age 53 

years, spirometry-defined COPD at age 53 years, paternal pre-pubertal passive smoke exposure, active paternal 

smoking, and paternal lifetime history of asthma/wheeze). 

T-tests were performed for continuous variables to compare included and excluded father-offspring pairs (i.e. 

offspring birthweight, height at age 53 years, weight at age 53 years, paternal age at baseline when offspring aged 

7 years, and SEIFA-IRSD scores of parents). 

The percentages of birthplace among the offspring of fathers excluded from this analysis do not sum to 100.0% 

because of rounding. 

* P-values between the offspring or their fathers included in this analysis and the rest of TAHS with the 

corresponding data. Statistically significant p-values were reported in bold. 

† Spirometry-defined COPD was defined as a post-bronchodilator FEV1/FVC ratio less than the lower limit of 

normal at age 53 years. 

Kg, kilogram; SD, standard deviation; cm, centimetre; UK, United Kingdom; NZ, New Zealand; SA, South Africa; 

USA, United States of America; COPD, chronic obstructive pulmonary disease; SEIFA-IRSD, socio-economic 

indexes for areas - the index of relative socio-economic disadvantage; TAHS, the Tasmanian Longitudinal Health 

Study; FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity. 
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Table S2. Associations between paternal pre-pubertal passive smoke exposure and FVC 

trajectories from ages 7 years to 53 years in their offspring 

Paternal pre-pubertal 

passive smoke exposure 

n./total n. (%)* Crude model 

MOR (95% CI) 

p-value 

Adjusted model 1 

aMOR (95% CI) 

p-value 

Adjusted model 2 

aMOR (95% CI) 

p-value 

 Trajectory: Average (n = 484) 

 

Not exposed 151/264 (57.20) Base outcome (ref.) 

Exposed 333/583 (57.12) 

 Trajectory: Early Low-Normal Decline (n = 120) 

 

Not exposed 35/264 (13.26)    

Exposed 85/583 (14.58) 1.10 (0.71-1.71) 

0.67 

1.14 (0.72-1.80) 

0.59 

1.18 (0.74-1.90) 

0.49 

 Trajectory: Early Low-Catch Up-Normal Decline (n = 21) 

 

Not exposed 9/264 (3.41)    

Exposed 12/583 (2.06) 0.60 (0.25-1.47) 

0.27 

0.71 (0.28-1.78) 

0.47 

0.75 (0.29-1.98) 

0.56 

 Trajectory: Early High-Normal Decline (n = 205) 

 

Not exposed 63/264 (23.86)    

Exposed 142/583 (24.36) 1.02 (0.72-1.46) 

0.90 

1.02 (0.70-1.49) 

0.92 

0.99 (0.67-1.45) 

0.94 

 Trajectory: Early Very High-Normal Decline (n = 17) 

 

Not exposed 6/264 (2.27)    

Exposed 11/583 (1.89) 0.83 (0.30-2.29) 

0.72 

0.84 (0.31-2.33) 

0.74 

0.85 (0.30-2.39) 

0.76 

MORs, aMORs, and p-values from multinomial logistic regressions.  

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal 

age at baseline. 

* Numbers of each trajectory in each exposure category. 

FVC, forced vital capacity; aMOR, adjusted multinominal odds ratio; 95% CI, 95% confidence interval; SEIFA-

IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage. 
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Table S3. Associations between paternal pre-pubertal passive smoke exposure and 

spirometry-defined COPD at age 53 years in their offspring  

Paternal pre-

pubertal passive 

smoke exposure 

Cases/total (%) Crude model 

OR (95% CI) 

p-value 

Adjusted model 1 

aOR (95% CI) 

p-value 

Adjusted model 2 

aOR (95% CI) 

p-value 

 Spirometry-defined COPD* 

 

Not exposed 8/279 (2.87) 1 1 1 

Exposed 37/611 (6.06) 2.18 (1.00-4.75) 

0.049 

2.09 (0.95-4.57) 

0.066 

2.06 (0.93-4.55) 

0.073 

ORs, aORs, and p-values from logistic regressions. Statistically significant OR and p-value were reported in bold. 

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal 

age at baseline. 

* Spirometry-defined COPD was defined as a post-bronchodilator FEV1/FVC ratio less than the lower limit of 

normal at age 53 years. 

COPD, chronic obstructive pulmonary disease; aOR, adjusted odds ratio; 95% CI, 95% confidence interval; 

SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage; FEV1/FVC, 

ratio of the forced expiratory volume in the first second to the forced vital capacity. 

  



14 
 

Table S4. Interactions between paternal pre-pubertal passive smoke exposure and potential 

effect modifiers 

Outcomes 

 

 

Potential effect modifiers 

FEV1 trajectories in 

offspring 

FEV1/FVC trajectories 

in offspring 

 

p-value for interaction* 

Active paternal smoking (never smoked/smoking 

debuted before age 15 years/smoking debuted after 

age 15 years) 

0.35 0.20 

Offspring sex at birth (male/female) 0.28 0.44 

Offspring asthma/wheeze by age 7 years (no/yes) 0.85 0.70 

Offspring bronchitis by age 7 years (no/yes) 0.98 0.69 

Offspring food allergy by age 7 years (no/yes) 0.60 0.071 

Offspring pneumonia/pleurisy by age 7 years 

(no/yes)  

0.008 0.98 

Offspring passive smoke exposure by age 7 years 

(no/yes) 

0.053 0.43 

Active offspring smoking by age 53 years (no/yes) 0.19 0.33 

P-values from likelihood ratio tests. Statistically significant p-values were reported in bold. 

* Analyses were adjusted for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and 

paternal age at baseline. 

FEV1, forced expiratory volume in the first second; FEV1/FVC, ratio of forced expiratory volume in the first 

second to forced vital capacity; SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-

economic disadvantage. 
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Table S5. Associations between paternal pre-pubertal passive smoke exposure and FEV1 

trajectories from ages 7 years to 53 years in their offspring, stratified by offspring passive 

smoke exposure by age 7 years 

Paternal pre-

pubertal passive 

smoke exposure 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

 Interaction for the overall model p = 0.053 

 Stratum 1: offspring without exposure to 

passive smoke by age 7 years 

(n = 352) 

Stratum 2: offspring with exposure to 

passive smoke by age 7 years 

(n = 462) 

 Trajectory: Average (n = 161) 

 

Trajectory: Average (n = 174) 

 

Not exposed 60/127 (47.24) Base outcome (ref.) 60/125 (48.00) Base outcome (ref.) 

Exposed 101/225 (44.89) 114/337 (33.83) 

 Trajectory: Early Below Average-

Accelerated Decline (n = 14) 

 

Trajectory: Early Below Average-

Accelerated Decline (n = 23) 

 

Not exposed 2/127 (1.57)  8/125(6.40)  

Exposed 12/225 (5.33) 3.26 (0.70-15.28) 

0.13 

15/337 (4.45) 1.05 (0.39-2.83) 

0.92 

 Trajectory: Early Low-Normal Decline 

(Persistently Low) (n = 16) 

 

Trajectory: Early Low-Normal Decline 

(Persistently Low) (n = 30) 

 

Not exposed 5/127 (3.94)  7/125 (5.60)  

Exposed 11/225 (4.89) 0.85 (0.25-2.86) 

0.79 

23/337 (6.82) 1.91 (0.71-5.11) 

0.20 

 Trajectory: Below Average (n = 93) 

 

Trajectory: Below Average (n = 140) 

 

Not exposed 34/127 (26.77)  28/125 (22.40)  

Exposed 59/225 (26.22) 0.90 (0.51-1.60) 

0.73 

112/337 (33.23) 2.36 (1.34-4.13) 

0.003 

 Trajectory: Early Low-Catch Up-Normal 

Decline  

(Early Low-Accelerated Growth-Normal 

Decline) (n = 38) 

 

Trajectory: Early Low-Catch Up-Normal 

Decline  

(Early Low-Accelerated Growth-Normal 

Decline) (n = 28) 

Not exposed 15/127 (11.81)  6/125 (4.80)  

Exposed 23/225 (10.22) 0.83 (0.38-1.80) 

0.64 

22/337 (6.53) 1.83 (0.68-4.89) 

0.23 

 Trajectory: Early High-Normal Decline 

(Persistently High) (n = 30) 

 

Trajectory: Early High-Normal Decline 

(Persistently High) (n = 67) 

 

Not exposed 11/127 (8.66)  16/125 (12.80)  

Exposed 19/225 (8.44) 0.85 (0.34-2.15) 

0.73 

51/337 (15.13) 1.77 (0.88-3.55) 

0.11 

The p-value for interaction in the overall model from a likelihood ratio test. aMORs and corresponding p-values 

from multinomial logistic regressions. Statistically significant aMOR and corresponding p-value were reported in 

bold. 

Adjusted model: adjustment for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and 

paternal age at baseline. 

* Numbers of each trajectory in each exposure category. 

FEV1, forced expiratory volume in the first second; aMOR, adjusted multinominal odds ratio; 95% CI, 95% 

confidence interval; SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic 

disadvantage.  
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Table S6. Associations between paternal pre-pubertal passive smoke exposure and FEV1 

trajectories from ages 7 years to 53 years in their offspring, stratified by offspring 

pneumonia/pleurisy by age 7 years 

Paternal pre-

pubertal passive 

smoke exposure 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

 Interaction for the overall model p = 0.008 

 Stratum 1: offspring without 

pneumonia/pleurisy by age 7 years 

(n = 696) 

Stratum 2: offspring with 

pneumonia/pleurisy by age 7 years 

(n = 115) 

 Trajectory: Average (n = 292) 

 

Trajectory: Average (n = 42) 

 

Not exposed 112/220 (50.91) Base outcome (ref.) 8/31 (25.81) Base outcome (ref.) 

Exposed 180/476 (37.82) 34/84 (40.48) 

 Trajectory: Early Below Average-

Accelerated Decline (n = 30) 

 

Trajectory: Early Below Average-

Accelerated Decline (n = 6) 

 

Not exposed 9/220 (4.09)  0/31 (0.00)  

Exposed 21/476 (4.41) 1.53 (0.64-3.64) 

0.34 

6/84 (7.14) NA 

 Trajectory: Early Low-Normal Decline 

(Persistently Low) (n = 43) 

  

Trajectory: Early Low-Normal Decline 

(Persistently Low) (n = 3) 

 

Not exposed 11/220 (5.00)  1/31 (3.23)  

Exposed 32/476 (6.72) 1.60 (0.73-3.53) 

0.24 

2/84 (2.38) 0.42 (0.03-5.81) 

0.52 

 Trajectory: Below Average (n = 187) 

 

Trajectory: Below Average (n = 45) 

 

Not exposed 47/220 (21.36)  15/31 (48.39)  

Exposed 140/476 (29.41) 1.96 (1.26-3.04) 

0.003 

30/84 (35.71) 0.38 (0.13-1.15) 

0.087 

 Trajectory: Early Low-Catch Up-Normal 

Decline  

(Early Low-Accelerated Growth-Normal 

Decline) (n = 61) 

 

Trajectory: Early Low-Catch Up-Normal 

Decline  

(Early Low-Accelerated Growth-Normal 

Decline) (n = 5) 

 

Not exposed 18/220 (8.18)  3/31 (9.68)  

Exposed 43/476 (9.03) 1.44 (0.76-2.70) 

0.26 

2/84 (2.38) 0.09 (0.008-1.07) 

0.057 

 Trajectory: Early High-Normal Decline 

(Persistently High) (n = 83) 

 

Trajectory: Early High-Normal Decline 

(Persistently High) (n = 14) 

 

Not exposed 23/220 (10.45)  4/31 (12.90)  

Exposed 60/476 (12.61) 1.65 (0.91-2.99) 

0.10 

10/84 (11.90) 0.58 (0.13-2.64) 

0.48 

The p-value for interaction in the overall model from a likelihood ratio test. aMORs and corresponding p-values 

from multinomial logistic regressions. Statistically significant aMOR and corresponding p-value were reported in 

bold. 

Adjusted model: adjustment for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and 

paternal age at baseline. 

* Numbers of each trajectory in each exposure category. 

FEV1, forced expiratory volume in the first second; aMOR, adjusted multinominal odds ratio; 95% CI, 95% 

confidence interval; NA, results were not available due to no observation in “not exposed” group; SEIFA-IRSD, 

socio-economic indexes for areas - the index of relative socio-economic disadvantage.  
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Table S7. Associations between paternal pre-pubertal passive smoke exposure and 

FEV1/FVC trajectories from ages 7 years to 53 years in their offspring, stratified by offspring 

food allergy by age 7 years 

Paternal pre-

pubertal passive 

smoke exposure 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

n./total n. (%)* Adjusted model 

aMOR (95% CI) 

p-value 

 Interaction for the overall model p = 0.071 

 Stratum 1: offspring without food allergy 

by age 7 years (n = 748) 

Stratum 2: offspring with food allergy by 

age 7 years (n = 67) 

 Trajectory: Average (n = 378) 

 

Trajectory: Average (n = 36) 

 

Not exposed 134/228 (58.77) Base outcome (ref.) 13/25 (52.00) Base outcome (ref.) 

Exposed 244/520 (46.92) 23/42 (54.76) 

 Trajectory: Early Low-Rapid Decline 

(n = 45) 

 

Trajectory: Early Low-Rapid Decline 

(n = 8) 

 

Not exposed 5/228 (2.19)  4/25 (16.00)  

Exposed 40/520 (7.69) 3.85 (1.45-10.19) 

0.007 

4/42 (9.52) 0.38 (0.06-2.23) 

0.28 

 Trajectory: Early Normal-Rapid Decline 

(n = 37) 

 

Trajectory: Early Normal-Rapid Decline 

(n = 6) 

 

Not exposed 14/228 (6.14)  2/25 (8.00)  

Exposed 23/520 (4.42) 0.77 (0.36-1.66) 

0.51 

4/42 (9.52) 1.61 (0.23-11.28) 

0.63 

 Trajectory: Early Low-Normal Decline 

(n = 138) 

 

Trajectory: Early Low-Normal Decline  

(n = 7) 

 

Not exposed 36/228 (15.79)  1/25 (4.00)  

Exposed 102/520 (19.62) 1.24 (0.79-1.97) 

0.35 

6/42 (14.29) NA 

 Trajectory: Early Low-Catch Up-Normal 

Decline (n = 24) 

 

Trajectory: Early Low-Catch Up-Normal 

Decline (n = 1) 

 

Not exposed 4/228 (1.75)  1/25 (4.00)  

Exposed 20/520 (3.85) 2.30 (0.75-7.02) 

0.15 

0/42 (0.00) NA 

 Trajectory: Early High-Normal Decline 

(n = 126) 

 

Trajectory: Early High-Normal Decline 

(n = 9) 

 

Not exposed 35/228 (15.35)  4/25 (16.00)  

Exposed 91/520 (17.50) 1.28 (0.79-2.08) 

0.31 

5/42 (11.90) 0.75 (0.16-3.58) 

0.72 

The p-value for interaction in the overall model from a likelihood ratio test. aMORs and corresponding p-values 

from multinomial logistic regressions. Statistically significant aMOR and corresponding p-value were reported in 

bold. 

Adjusted model: adjustment for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and 

paternal age at baseline. 

* Numbers of each trajectory in each exposure category. 

FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity; aMOR, adjusted 

multinominal odds ratio; 95% CI, 95% confidence interval; NA, results were not available due to limited 

observations; SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage. 
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Table S8. Associations between paternal pre-pubertal passive smoke exposure and FEV1 

trajectories from ages 7 years to 53 years in their offspring, excluding offspring who reported 

a history of asthma/wheeze by age 53 years 

Paternal pre-pubertal 

passive smoke 

exposure 

n./total n. (%)* Crude model 

MOR (95% CI) 

p-value 

Adjusted model 1 

aMOR (95% CI) 

p-value 

Adjusted model 2 

aMOR (95% CI) 

p-value 

 Trajectory: Average (n = 226) 

 

Not exposed 84/163 (51.53) Base outcome (ref.) 

Exposed 142/351 (40.46) 

 Trajectory: Early Below Average-Accelerated Decline (n = 8) 

 

Not exposed 4/163 (2.45)    

Exposed 4/351 (1.14) 0.59 (0.14-2.43) 

0.47 

0.58 (0.14-2.43) 

0.46 

0.59 (0.14-2.47) 

0.47 

 Trajectory: Early Low-Normal Decline (Persistently Low) (n = 21) 

 

Not exposed 7/163 (4.29)    

Exposed 14/351 (3.99) 1.18 (0.46-3.05) 

0.73 

1.19 (0.43-3.32) 

0.74 

1.06 (0.37-3.07) 

0.91 

 Trajectory: Below Average (n = 142) 

 

Not exposed 34/163 (20.86)    

Exposed 108/351 (30.77) 1.88 (1.17-3.01) 

0.009 

1.91 (1.16-3.14) 

0.011 

2.07 (1.24-3.46) 

0.005 

 Trajectory: Early Low-Catch Up-Normal Decline  

(Early Low-Accelerated Growth-Normal Decline) (n = 50) 

 

Not exposed 15/163 (9.20)    

Exposed 35/351 (9.97) 1.38 (0.71-2.68) 

0.34 

1.38 (0.70-2.71) 

0.35 

1.26 (0.63-2.51) 

0.51 

 Trajectory: Early High-Normal Decline (Persistently High) (n = 67) 

 

Not exposed 19/163 (11.66)    

Exposed 48/351 (13.68) 1.49 (0.82-2.71) 

0.19 

1.72 (0.89-3.31) 

0.11 

1.67 (0.86-3.24) 

0.13 

MORs, aMORs, and p-values from multinomial logistic regressions. Statistically significant MORs, aMORs, and 

p-values were reported in bold. 

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal 

age at baseline. 

* Numbers of each trajectory in each exposure category. 

FEV1, forced expiratory volume in the first second; aMOR, adjusted multinominal odds ratio; 95% CI, 95% 

confidence interval; SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic 

disadvantage. 
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Table S9. Associations between paternal pre-pubertal passive smoke exposure and 

FEV1/FVC trajectories from ages 7 years to 53 years in their offspring, excluding offspring 

who reported a history of asthma/wheeze by age 53 years 

Paternal pre-pubertal 

passive smoke 

exposure 

n./total n. (%)* Crude model 

MOR (95% CI) 

p-value 

Adjusted model 1 

aMOR (95% CI) 

p-value 

Adjusted model 2 

aMOR (95% CI) 

p-value 

 Trajectory: Average (n = 280) 

 

Not exposed 100/163 (61.35) Base outcome (ref.) 

Exposed 180/350 (51.43) 

 Trajectory: Early Low-Rapid Decline (n = 15) 

 

Not exposed 2/163 (1.23)    

Exposed 13/350 (3.71) 3.61 (0.80-16.32) 

0.095 

2.83 (0.61-13.11) 

0.18 

2.42 (0.51-11.43) 

0.27 

 Trajectory: Early Normal-Rapid Decline (n = 20) 

 

Not exposed 7/163 (4.29)    

Exposed 13/350 (3.71) 1.03 (0.40-2.67) 

0.95 

1.04 (0.38-2.88) 

0.94 

0.88 (0.31-2.51) 

0.82 

 Trajectory: Early Low-Normal Decline (n = 83) 

 

Not exposed 22/163 (13.50)    

Exposed 61/350 (17.43) 1.54 (0.89-2.66) 

0.12 

1.24 (0.70-2.18) 

0.46 

1.16 (0.65-2.06) 

0.62 

 Trajectory: Early Low-Catch Up-Normal Decline (n = 14) 

 

Not exposed 3/163 (1.84)    

Exposed 11/350 (3.14) 2.04 (0.56-7.47) 

0.28 

1.67 (0.44-6.33) 

0.45 

1.67 (0.44-6.37) 

0.46 

 Trajectory: Early High-Normal Decline (n = 101) 

 

Not exposed 29/163 (17.79)    

Exposed 72/350 (20.57) 1.38 (0.84-2.26) 

0.20 

1.42 (0.84-2.39) 

0.19 

1.37 (0.80-2.34) 

0.26 

MORs, aMORs, and p-values from multinomial logistic regressions. 

Adjusted model 1: adjustment for SEIFA-IRSD scores of parents. 

Adjusted model 2: Model 1 plus further adjustment for paternal lifetime history of asthma/wheeze and paternal 

age at baseline. 

* Numbers of each trajectory in each exposure category. 

FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity; aMOR, adjusted 

multinominal odds ratio; 95% CI, 95% confidence interval; SEIFA-IRSD, socio-economic indexes for areas - the 

index of relative socio-economic disadvantage. 

  



20 
 

Table S10. Comparison of adjusted associations from unimputed and imputed data 

Association Crude model 

 

MOR (95% CI) 

p-value 

Unimputed 

adjusted model 

aMOR (95% CI) 

p-value 

Imputed  

adjusted model 

aMOR (95% CI) 

p-value 

Between paternal pre-pubertal passive smoke 

exposure and the Below Average FEV1 

trajectories in their offspring 

 

1.55 (1.07-2.23) 

0.020 

 

 

1.56 (1.05-2.31) 

0.028 

 

1.56 (1.08-2.27) 

0.018 

Between paternal pre-pubertal passive smoke 

exposure and the Early Low-Rapid Decline 

FEV1/FVC trajectories in their offspring 

 

2.69 (1.28-5.67) 

0.009 

 

 

2.30 (1.07-4.94) 

0.033 

 

2.64 (1.24-5.60) 

0.011 

MORs, aMORs, and p-values from multinomial logistic regressions. Associations from the crude models, the 

unimputed (complete-case) adjusted models, and the imputed (multiple imputation) adjusted models are presented. 

Statistically significant MORs, aMORs, and p-values were reported in bold.  

Adjusted model: adjustment for SEIFA-IRSD scores of parents, paternal lifetime history of asthma/wheeze, and 

paternal age at baseline. 

FEV1, forced expiratory volume in the first second; FEV1/FVC, ratio of forced expiratory volume in the first 

second to forced vital capacity; aMOR, adjusted multinominal odds ratio; 95% CI, 95% confidence interval; 

SEIFA-IRSD, socio-economic indexes for areas - the index of relative socio-economic disadvantage. 
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* The offspring in this analysis were the probands in the Tasmanian Longitudinal Health Study (TAHS). 

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in the first second; FVC, forced 

vital capacity; FEV1/FVC, ratio of forced expiratory volume in the first second to forced vital capacity. 

 

Figure S2. Illustration of sample selection 
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Paternal pre-pubertal passive smoke exposure is related to impaired lung function trajectories from 
childhood to middle age in their offspring 

Liu J, et al. Thorax 2025. DOI: 10.1136/thorax-2024-222482 

Methods 
Participants: 890 father-offspring pairs from the 

Tasmanian Longitudinal Health Study (TAHS) 

TAHS 
Tasmanian longitudinal 
Health Study 

Exposure: Paternal passive (second-hand) smoke 

exposure before their own age of 15 years (pre­

puberty) 

Future father 
(<15 years) 

Paternal grandparents 

Primary outcomes: Offspring impaired lung 

function trajectories (FEV 11 FVC and FEV i/FVC) 

from ages 7 to 53 years 

7 13 18 45 50 53 

Findings 

Paternal pre-pubertal passive smoke exposure 
was associated with the Below Average FEV, 
trajectory in their offspring (a MOR 1.56). 

This association was stronger among offspring 
who were also exposed to passive smoke during 

Lung function trajectories overtime in offspring 
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Paternal pre-pubertal passive smoke exposure 
was associated with the Early Low-Rapid Decline 
FEV,/FVC trajectory in their offspring 
(a MOR 2.30). 

aMOR, adjusted multinominal odds ratio. 
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Four images in this visual abstract were conceptualised by Liu J. and generated using OpenAl's DALL·E model (GPT-40), illustrating paternal pre-pubertal passive 
smoke exposure, offspring passive smoke exposure during childhood, lung function testing, and COPD. 

Conclusion These findings highlight potential intergenerational links between passive smoke exposure and impaired lung function trajectories at risk of COPD. 
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