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Abstract 46 

Aims  47 

Sleep disturbances exhibit a strong social patterning, and inadequate sleep has been associated 48 

with adverse health outcomes, including cardiovascular disorders (CVD). However, the 49 

contribution of sleep to socioeconomic inequalities in CVD is unclear. This study pools data 50 

from eight European cohorts to investigate the role of sleep duration in the association 51 

between life-course socioeconomic status (SES) and CVD. 52 

Methods and Results 53 

We used cross-sectional data from eight European cohorts, totaling 111,205 participants. Life-54 

course SES was assessed using father’s and adult occupational position. Self-reported sleep 55 

duration was categorized into recommended (6h-8.5h/night), long (>8.5h/night), and short 56 

(<6h/night). We examined two cardiovascular outcomes: coronary heart disease (CHD) and 57 

stroke. Main analyses were conducted using pooled data and examined the association 58 

between life-course SES and CVD, and the contribution of sleep duration to this gradient 59 

using counterfactual mediation. Low father’s occupational position was associated with an 60 

increased risk of CHD (men: OR=1.19, 95% CI [1.04;1.37]; women: OR=1.25, 95% CI 61 

[1.02;1.54]), with marginal decrease of the gradient after accounting for adult occupational 62 

position (men: OR=1.17, 95% CI [1.02;1.35]; women: OR=1.22, 95% CI [0.99;1.52]), and no 63 

mediating effect by short sleep duration. Low adult occupational position was associated with 64 

an increased risk of CHD in both men and women (men: OR=1.48, 95% CI [1.14;1.92]; 65 

women: OR=1.53, 95% CI [1.04;2.21. Short sleep duration meaningfully contributed to the 66 

association between adult occupational position and CHD in men, with 13.4% mediation. 67 

Stroke did not exhibit a social patterning with any of the variables examined.  68 

Conclusion 69 
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This study suggests that inadequate sleep accounts to a meaningful proportion of the 70 

association between adult occupational position and coronary heart disease, at least in men. 71 

With sleep increasingly being considered an important cardiovascular risk factor in its own 72 

terms, our study additionally points to its potential role in social inequalities in cardiovascular 73 

disease. 74 
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Translational perspective 75 

This study, including data on 111,205 participants from eight cohorts in four European 76 

countries, suggests that inadequate sleep accounts for a meaningful proportion of the 77 

socioeconomic gradient in coronary heart disease, at least in men. With inadequate sleep 78 

increasingly being considered an important cardiovascular risk factor in its own terms, our 79 

study additionally points to its potential role in social inequalities in cardiovascular disease, 80 

and should encourage health professionals to consider these factors as major contributors to 81 

the pathophysiology of coronary heart disease. 82 

83 
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1 Introduction 84 

Individuals experiencing adverse socioeconomic circumstances across the life-course are 85 

disproportionately affected by cardiovascular disorders (CVD), including coronary heart 86 

disease and stroke 1, 2. Social differences in cardiovascular disorders are partly explained by 87 

behavioral or psychosocial factors 3, 4. However, a significant part of the socioeconomic 88 

gradient in cardiovascular disease remains unexplained 4. 89 

Among the factors that may potentially link social disadvantage to CVD is inadequate sleep. 90 

First, individuals who experienced social adversity across the life-course report sleep-related 91 

problems more frequently than those with more advantaged experiences 5-7. In particular, 92 

people working in shifts, living in deprived neighborhoods, or who have experienced 93 

adversity in childhood show an increased prevalence of sleep-related disorders 6, 8-12. 94 

Second, inadequate sleep has been associated with an increased risk of cardiovascular disease 95 

13-15. Chronic sleep deprivation disrupts the function of several physiological systems 96 

including the dysregulation of key endocrine and metabolic processes, which may lead to an 97 

aberrant activation of the autonomous nervous system, and the impairment of immunity and 98 

inflammatory processes, altogether leading to an increased cardiovascular risk 13, 16, 17. 99 

Excessively long sleep has also been associated with adverse cardiovascular health outcomes, 100 

although reverse causation processes whereby individuals sleep longer cannot be excluded 18-101 

21. To date, however, no large population-based study has assessed the contribution of sleep to 102 

the social gradient in CVD 8, 22.  103 

In this study, we examine the associations between indicators of socioeconomic status (SES) 104 

across the life-course and cardiovascular disorders, namely coronary heart disease (CHD) and 105 

stroke, by using cross-sectional data from eight cohort studies from four European countries. 106 
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Further, we assess to what extent the associations between life-course SES and CVD are 107 

explained by sleep duration by applying the counterfactual mediation model.  108 

2 Methods 109 

2.1 Study population 110 

This study is part of the Lifepath project 23 and uses cross-sectional data from eight cohorts: 111 

the French Constances (study period 2012-2016; N=65,843), E3N (2005-2006; N=51,841) 112 

and GAZEL (2014; N=10,203), the English Whitehall II (1997-1998; N=6,359) and ELSA 113 

(2012; N=5,083), the Swiss COLAUS (2009-2011; N=4,147) and SKIPOGH (2013-2016; 114 

N=979) and the Portuguese EPIPORTO (2005-2009; N=2,410) 11, 24-30. While five cohorts 115 

included adults from the general population, E3N, GAZEL and Whitehall II were 116 

occupational cohorts and included women working in the French national education sector, 117 

employees of the French national gas and electricity company and British civil servants, 118 

respectively. All participants underwent a clinical examination and filled a questionnaire 119 

collecting data on demographic characteristics, health, medication, education, work, lifestyle 120 

and sleep characteristics.  121 

2.1.1 Ethics statement 122 

Each study was approved by relevant local or national ethics committees and all procedures 123 

performed in these studies were in accordance with the 1964 Helsinki declaration and its later 124 

amendments or comparable ethical standards. All participants gave written informed consent. 125 

This study does not contain any studies with animals performed by any of the authors. 126 

2.2 Measures 127 

2.2.1 Life-course socioeconomic status 128 
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We used father’s occupational position and last known adult occupational position as 129 

measures of SES across the life-course. Father’s occupational position is a common indicator 130 

of SES in early life, whereas adult occupational position is the most used SES indicator in 131 

adulthood 31. Both variables capture multiple dimensions of SES, including education, social 132 

prestige, wealth, and retirement benefits, and have been widely used in former studies 133 

exploring socioeconomic differences in health 32. While father’s occupational position was 134 

self-reported by study participants in all cohorts, adult occupational position was retrieved 135 

through work registries in GAZEL and Whitehall II studies, and self-reported in the six other 136 

cohorts (Supplementary table 15). Both SES indicators were coded according to the nine 137 

categories of the European Socio-economic Classification system (ESeC), which is a standard 138 

system for classifying professions in social epidemiology, and further grouped in three main 139 

categories: “High” (higher professionals/managers, lower professionals/managers, higher 140 

clerical), “Middle” (small employers and self-employed, farmers, lower supervisors and 141 

technicians) and “Low” (lower clerical, sales workers, skilled/unskilled workers) 33. 142 

2.2.2 Cardiovascular disorders 143 

Two cardiovascular disorders were considered as outcomes: coronary heart disease (CHD) 144 

and stroke. CHD was defined as reporting ischemic artery disease, angina pectoris, or 145 

myocardial infarction, whereas stroke was defined as reporting an ischemic or hemorrhagic 146 

stroke. The history of CVD events was based on self-report in GAZEL, ELSA, COLAUS, 147 

SKIPOGH and EPIPORTO studies, whereas an objective assessment of cardiovascular 148 

outcomes was available in Constances, E3N and Whitehall II cohorts, as these studies 149 

included thorough cardiological examinations at interview or had access to participant’s 150 

medical records (Supplementary Table 15). 151 

2.2.3 Sleep duration 152 
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Our study focused on sleep duration as this measure has previously been related to both SES 153 

and CVD and was available in all eight cohorts 13, 34. Sleep duration was self-reported in all 154 

eight cohorts as the average number of hours of sleep per night and subsequently categorized 155 

into recommended or normal sleep (6-8.5 h/night), short sleep (<6h/night) and long sleep 156 

(>8.5h/night). These thresholds were chosen from clinical practice which found that short 157 

sleep (<6h/night) was associated with an increased risk of CVD 14, 35, whereas long sleep 158 

(>8.5h/night) was related with preexistent conditions, such as depression 19, 36. 159 

2.2.4 Other covariates 160 

Potential confounders we considered included cohort, study period, health behaviors, and 161 

flexible working hours. Health behaviors were self-reported in all eight cohorts and included 162 

smoking, sedentary behavior and alcohol intake. Smoking status was categorized as current 163 

vs. former/never smoker, sedentary behavior was categorized as sedentary vs. non-sedentary 164 

based on the amount, frequency, and type of physical activity, whereas alcohol intake was 165 

categorized as hazardous intake (>3 daily alcohol units for men, >2 daily alcohol units for 166 

women) vs. non-hazardous intake. Flexible working hours were based on the ESeC 167 

classification of professions and were categorized as flexible (higher professionals and 168 

managers, lower professionals and managers; higher clerical, services and sales workers) and 169 

non-flexible (small employers and self-employed; farmers; lower supervisors; technicians; 170 

lower clerical, services and sales workers, skilled and unskilled workers). 171 

2.3 Statistical analyses 172 

We tested the association between adult or father’s occupational position (main exposure 173 

variables) and sleep duration (outcome), using a multinomial logistic regression model 174 

adjusted for age, cohort, study period, health behaviors, and flexible working hours. To 175 

account for the effect of adult occupational position in analyses using father’s occupational 176 
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position as the main exposure, we implemented an additional model that was further adjusted 177 

for adult occupational position 37. We used the same set of covariates for the logistic model 178 

assessing the association between sleep duration (exposure) and CVD (outcome). We tested 179 

the associations between SES indicators and cardiovascular disorders and the mediating effect 180 

of each level of sleep duration by applying the counterfactual mediation method, using the 181 

same sets of covariates. The counterfactual mediation method is based on two regression 182 

models (Annex 1): a first model predicting the outcome (CHD, stroke) based on the main 183 

exposure variable (SES), the mediator (sleep duration), an interaction term between the main 184 

exposure and the mediator, and confounders, and a second regression model predicting the 185 

mediator based on the main exposure and confounders. The regression coefficients from the 186 

two models are subsequently used to compute counterfactual mediation estimates (Figure 1), 187 

namely the natural direct effects (NDE(odds ratio): effect of exposure on the outcome via 188 

pathways that do not involve the mediator), natural indirect effects (NIE(odds ratio): effect of 189 

exposure on the outcome operating through the mediator), marginal total effects (MTE(odds 190 

ratio)=NIE+NDE, total effect of the exposure on the outcome), and the proportion of the 191 

association between the exposure and the outcome which is mediated by the mediator 192 

(Proportion mediated-PM) 38. Confidence intervals for MTE, NDE, NIE and PM parameters 193 

were computed through bootstrap procedure (random sample with replacement - 10,000 194 

simulations). The main statistical analyses were conducted using Stata v.14 (Stata Corp, TX, 195 

USA). Statistical significances were set at p-value <0.05. 196 

2.4 Individual cohort associations 197 

To investigate for potential differences between individual cohorts, we repeated the 198 

associations between SES and sleep duration, sleep duration and CVD, and the counterfactual 199 

mediation models between SES, sleep duration and CVD, cohort by cohort. We also 200 
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performed a meta-analysis of the eight individual cohorts to examine which studies 201 

contributed the most to the pooled data associations, and to explore the inter-study 202 

heterogeneity by computing the I2 coefficient. 203 

2.5 Additional sensitivity analyses 204 

2.5.1 Cox regression models for time-to-event event longitudinal analyses 205 

To examine whether the cross-sectional approach could have biased the main findings, we 206 

also conducted a series of longitudinal analyses using Cox regression models for the 207 

associations between SES at baseline and CVD occurrence, and between sleep duration at 208 

baseline and CVD occurrence, using time-to-event data from Whitehall II study through 209 

waves 1 to 8 (w1 1985-1988, w2 1989-1990, w3 1991-1993, w4 1995-1996, w5 1997-1999, 210 

w6 2001, w7 2003-2004, w8 2006)27. We included 6805 individuals with complete data at 211 

waves 1-8, and tested the proportional hazard assumptions for Cox regression models by 212 

using log-log plots (not violated). 213 

2.5.2 Multiple imputation for missing data for health behaviors 214 

To test for bias that would result from missing values, we imputed missing data for health 215 

behaviors (confounding factors) using chained equations based on SES, cardiovascular 216 

disorders and major confounders (Stata procedure “mi”) 39. 217 

2.5.3 Confounding by sleep quality indicators and other cardiometabolic disorders 218 

We further explored potential confounding effects by four binary sleep quality indicators, 219 

namely “Difficulty falling asleep”, “Difficulty waking up in the morning”, “Waking up during 220 

the night”, and “Waking up too early”, by including them as covariables in counterfactual 221 

mediation analyses between SES indicators, sleep duration, and CVD (Annex 1). We also 222 

explored the potential confounding/contribution to the main associations by further adjusting 223 
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for two major cardiometabolic disorders, namely type 2 diabetes (T2D), and obesity (Annex 224 

2).  225 

2.5.4 Comparison of studies using objective assessment vs. self-reported data 226 

To investigate whether the methodology of data acquisition could have affected our findings, 227 

we compared the gradients for the associations between SES and sleep duration, sleep 228 

duration and CVD, and the mediation by sleep duration to the SES gradient in CVD, between 229 

cohorts that either used an objective assessment of the data for the main endpoints 230 

(Constances, E3N, Whitehall II) cohorts that were based on self-report (GAZEL, ELSA, 231 

COLAUS, SKIPOGH, EPIPORTO). 232 

2.5.5 Education as the main SES indicator 233 

In addition to father’s and adult occupational position, we also used education as the main 234 

exposure variable, in order to examine the association between education and sleep duration, 235 

and to assess the contribution of sleep duration to the educational gradient in CVD. 236 

2.5.6 Extreme sleep duration thresholds  237 

Finally, we repeated the associations between SES and sleep duration, sleep duration and 238 

CVD, and the contribution of sleep duration to the SES gradient in CVD using extreme sleep 239 

duration thresholds, namely 0h-5h for short sleep duration, and >10h for long sleep duration. 240 

3 Results 241 

From the initial 188,238 participants from the eight cohorts, 37,682 were excluded due to 242 

missing information on health behaviors, 3,691 for missing sleep duration, 17,328 for missing 243 

adult occupational position, and 18,332 participants for missing father’s occupational 244 

position, leaving a total of 111,205 participants to be included in the study. Excluded 245 
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participants were more frequently women (73% vs. 67%) and had a lower adult occupational 246 

position than those included in the study (20% vs. 26% in the high occupation group). 247 

3.1 Sample characteristics 248 

We report the characteristics of the study population in Table 1. In the majority of the 249 

cohorts, low and middle father’s occupational positions were the most prevalent, whereas the 250 

distribution of adult occupational position varied among studies and countries, with high and 251 

middle adult SES groups being generally more prevalent in English cohorts, and low and 252 

middle adult SES groups being more common in Southern European cohorts. The prevalence 253 

of short sleep ranged between 3% and 14% (6% for pooled data) and was higher in ELSA 254 

(14%) and lower in E3N and EPIPORTO (3% and 5%, respectively), while the prevalence of 255 

long sleep ranged between 9% and 27%, and was lower in Whitehall II, SKIPOGH and 256 

COLAUS (2%-5%), and higher in EPIPORTO (27%). The distribution of detrimental health 257 

behaviors varied substantially across the cohorts, and prevalence estimates ranged between 258 

7% and 26% for current smoking, between 8% and 42% for hazardous alcohol intake, and 259 

between 6% and 81% for sedentary behavior. The prevalence of CHD ranged between 1% 260 

and 13%, with highest prevalence estimates being observed in Whitehall II and ELSA (13%), 261 

while the prevalence of stroke ranged between 1% and 5%, with highest prevalence being in 262 

ELSA. 263 

3.2 Association between life-course SES indicators and sleep duration 264 

We show the association between life-course SES indicators and sleep duration using pooled 265 

data in Table 2. We found a U-shaped association between father’s occupational position and 266 

sleep duration, with low SES being more strongly associated with short sleep (A. Odds 267 

Ratio(OR)=1.18, 95% Confidence Interval(CI)[1.07;1.31], women: OR=1.31, 95% CI 268 

[1.20;1.44]), than long sleep (A. OR=1.01, 95% CI [0.92;1.11], women: OR=1.07, 95% CI 269 
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[1.01;1.14]). The association between father’s occupational position and sleep duration 270 

persisted after accounting for adult SES. Larger effect size and stronger associations were 271 

observed for the association between adult occupational position and sleep duration, with 272 

stronger associations in men than in women. As for father’s occupational position, however, 273 

we found stronger associations for short sleep (men: OR=2.22, 95% CI [1.85;2.66], women: 274 

OR=2.12, 95% CI [1.82;2.47]), than for long sleep (men: OR=1.88, 95% CI [1.59;2.23], 275 

women: OR=1.14, 95% CI [1.03;1.27]).  276 

3.3 Association between sleep duration and cardiovascular disorders 277 

The association between sleep duration and cardiovascular disorders is presented in Table 3. 278 

Short sleep was associated with an increased risk of CHD in both sexes (CHD-men: OR=1.65, 279 

95% CI [1.41;1.92]; women: OR=1.59, 95% CI [1.28;1.97]), whereas it was associated with 280 

an increased risk of stroke in women but not in men (Stroke-men: OR=1.16, 95% CI 281 

[0.84;1.60]; women: OR=1.31, 95% CI [1.03;1.66]). We also observed a higher risk of stroke 282 

in participants with long sleep (men: OR=1.51, 95% CI [1.17;1.95]; women: OR=1.24, 95% 283 

CI [1.06;1.49]), while long sleep was also associated with an increased risk of CHD in women 284 

(OR=1.24, 95% CI [1.03;1.43]). 285 

3.4 Association between life-course SES indicators and CVD, and the 286 

contribution of sleep duration 287 

In Table 4, we present the counterfactual mediation models for the associations between SES 288 

indicators and cardiovascular disorders, mediated by short sleep duration. We observed an 289 

inverse association between father’s occupational position and CHD in both men and women 290 

(A. men: marginal total effect (MTE – OR scale)=1.19 95% CI [1.04;1.37], women: MTE 291 

(OR) = 1.25 95% CI [1.02;1.55]). Upon accounting for the effect of adult occupational 292 
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position, the gradient between father’s occupational position and CHD was marginally 293 

decreased (B. men: MTE (OR)=1.17 95% CI [1.02;1.35], women: MTE (OR) = 1.22 95% CI 294 

[0.99;1.51]). Sleep did not mediate the association between father’s occupational position and 295 

stroke. We found a strong inverse association between adult occupational position and CHD 296 

risk in both sexes (C. men: MTE (OR)=1.45 95% CI [1.13;1.86], women: MTE (OR) = 1.52 297 

95% CI [1.07;2.11]), with 13.4% mediation of this association by short sleep duration in men. 298 

We also evaluated the contribution of long sleep duration to the life-course socioeconomic 299 

gradient in cardiovascular disorders, but found no meaningful mediation (Supplementary 300 

Table 1). 301 

3.5 Individual cohort associations 302 

We further examined the associations between SES and sleep duration, sleep duration and 303 

cardiovascular disorders, and the mediating effect of short sleep duration to the association 304 

between SES and cardiovascular disorders on each cohort separately (Supplementary tables 305 

2-8). Overall, we found that low adult occupational position was associated with an increased 306 

risk of short and long sleep duration in the majority of cohorts (Constances, E3N, Whitehall 307 

II, ELSA, COLAUS, SKIPOGH, EPIPORTO), with generally stronger odds ratios for short 308 

sleep than long sleep, whereas there were fewer associations between father’s occupational 309 

position and sleep duration, with stronger associations in the model unadjusted for adult 310 

occupational position. We also found associations between short sleep duration and an 311 

increased risk of CHD, with significant associations being observed in Constances, GAZEL, 312 

E3N and Whitehall II cohorts, whereas there were fewer associations between sleep duration 313 

and stroke, in both unadjusted and adjusted models for adult occupational position. 314 

Furthermore, in most of the studies, results from mediation analyses were uninformative and 315 

yielded non-significant estimates for the mediation by short sleep duration due to low 316 
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statistical power, the few exceptions being the inverse associations between father’s 317 

occupational position and CHD in Constances and Whitehall II studies (Supplementary 318 

tables 6-7), and a strong inverse association between adult occupational position and CHD in 319 

Whitehall II (Supplementary table 8). Finally, we performed a meta-analysis using adult 320 

occupational position, sleep duration, and CHD, in order to examine which cohorts 321 

contributed the most to the pooled data associations (weights), and to examine the degree of 322 

heterogeneity across the cohorts (Supplementary Figure 1). We found a high inter-study 323 

heterogeneity for the SES-sleep duration gradient, while there were more consistent gradients 324 

for the associations between sleep duration and CHD, the adult occupational gradient in CHD 325 

(MTE), and the mediating effect by sleep duration (NIE) across the cohorts. The observed 326 

heterogeneity for the SES-sleep duration gradient may be explained by the different gradients 327 

found in GAZEL, SKIPOGH, and EPIPORTO studies when compared to the other cohorts. A 328 

possible explanation for these differences may be the lack of statistical power, as well as a 329 

weaker socioeconomic patterning of sleep duration in these studies. 330 

3.6 Additional sensitivity analyses 331 

3.6.1 Cox regression models for time-to-event event longitudinal analyses 332 

As there is currently no methodology allowing to apply counterfactual mediation modelling to 333 

time-to-event longitudinal analysis, main analyses presented in this study were performed 334 

cross-sectionally. To assess whether this may have biased our findings for the main 335 

associations examined, the one between adult SES and CVD and the one between sleep 336 

duration and CVD, we repeated the analysis using a longitudinal design in a cohort where 337 

repeated data was available (Whitehall II). Using time-to-event analyses fitted through Cox 338 

regression models, we observed that low occupational position and short sleep (baseline, 339 

wave 1) were systematically associated with a higher risk of CHD events through waves 1 to 340 
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8 when compared to higher adult occupational position, and normal or long sleep duration. 341 

There were no clear gradients in women and for stroke, likely due to lack of statistical power 342 

and insufficient number of events (Supplementary Tables 9-10; Supplementary Figures 2-3). 343 

3.6.2 Multiple imputation for missing data for health behaviors 344 

We performed further sensitivity analyses by imputing missing values for confounders using 345 

chained equations, and by investigating the potential confounding effects of four sleep quality 346 

indicators in the cohorts where this information was available. We observed that there were 347 

no important differences between the associations using the complete case data from those 348 

using imputed data (Supplementary tables 11-12, Tables 2-3).  349 

3.6.3 Confounding by sleep quality indicators 350 

We also found that sleep quality indicators could act as potential confounders of the 351 

association between life-course SES, sleep duration, and CVD, as they were simultaneously 352 

associated with sleep duration and CVD in the counterfactual models (Supplementary tables 353 

13-14).  354 

3.6.4 Comparison of studies using objective assessment vs. self-reported data 355 

We further investigated whether the fact that several data were self-reported could have 356 

biased our results by comparing the associations between SES and sleep duration, sleep 357 

duration and CHD, the association between SES and CHD (MTE), and the mediation of this 358 

association by sleep duration between cohorts that used objective assessment of CHD and 359 

those with self-reported data (Supplementary tables 16-18). Results from cohorts that used 360 

objectively assessed data provided systematically stronger gradients than cohorts that were 361 

based on self-report, including meaningful mediation by short sleep duration (11.1%). 362 

However, we cannot conclude that these differences are exclusively attributed to the 363 
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assessment method of CHD, as there were major regional differences between the two groups 364 

of cohorts.  365 

3.6.5 Education as the main SES indicator 366 

We also investigated to what extent education was associated with sleep duration, and 367 

whether the educational gradient in CVD outcomes was mediated by short sleep duration 368 

(Supplementary tables 19-20). We observed that low education was associated with an 369 

increased risk of short sleep duration and a higher risk for CHD, and that this association was 370 

significantly mediated by short sleep duration (9.2%). These associations and mediation were 371 

systematically weaker than those involving adult occupational position, and somewhat higher 372 

compared to associations using father’s occupational position as main exposure.  373 

3.6.6 Confounding/contribution by cardiometabolic disorders 374 

Moreover, we also performed a series of additional analyses where associations between adult 375 

occupational position, sleep duration, and CHD were further adjusted for type 2 diabetes and 376 

obesity (Supplementary tables 21-23). We observed that the associations between adult SES 377 

and short sleep, and between short sleep and CHD were attenuated upon adjustment for type 2 378 

diabetes (T2D) and obesity, whereas the association between SES and CHD and the 379 

contribution of short sleep duration to this association were no longer significant.  380 

3.6.7 Extreme sleep duration thresholds  381 

Finally, we also examined the associations between adult SES, sleep duration, and CHD, 382 

using more extreme thresholds for sleep duration; 0h-5h for short sleep duration, and >10h for 383 

long sleep duration (Supplementary tables 24-26). We generally found stronger gradients for 384 

the association between adult SES and extreme sleep duration, and for extreme sleep duration 385 

and CHD, in particular for the 0h-5h sleep duration category. These findings indicate that 386 
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extreme sleep patterns are more prevalent among socially disadvantaged individuals, and that 387 

they have stronger effects on cardiovascular outcomes. Furthermore, we also observed that 388 

there was a somewhat weaker mediation by extreme short sleep duration (0h-5h) when 389 

compared to the former threshold (0h-6h), which was due to a weaker indirect effect (NIE). 390 

4 Discussion 391 

In this study, we found that both father’s and adult occupational position were associated with 392 

abnormal sleep duration patterns, with stronger associations for adult than for early life SES, 393 

and for short sleep than for long sleep. Furthermore, abnormal sleep duration was associated 394 

with an increased risk of cardiovascular disorders, with stronger associations for short sleep 395 

than for long sleep. Finally, we observed that there were inverse associations between both 396 

life-course SES indicators and CHD, and that the association between adult occupational 397 

position and CHD was partly explained by short sleep duration, at least in men. 398 

Our results on life-course socioeconomic gradient in short sleep duration tend to be in line 399 

with previous studies 6, 12, 34. Former research has reported that adverse socioeconomic 400 

circumstances in childhood affect sleep health in adulthood through a latent effect, and that 401 

this association may be related to the fact that stressful childhood experiences lead to 402 

disrupted emotion regulation in adulthood, which in turn has a negative impact on adult sleep 403 

12, 40. The adult occupational gradient in sleep duration may be related to the fact that 404 

individuals with lower grade occupations often have to combine several jobs, work in shifts, 405 

and live in noisy environments, thus experiencing greater levels of stress, altogether leading to 406 

sleep deprivation 5, 11, 22. The stronger association between adult occupational position and 407 

short sleep duration when compared with father’s occupational position and education may be 408 

related to the fact that adult occupational position directly acts on proximal exposures which 409 

affect sleep, such as poor housing, work stress, and recent psychosocial exposures, whereas 410 
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father’s occupational position and education likely act through more indirect effects that have 411 

occurred in early life 7, 40, 41. Interestingly, we also observed that individuals with low father’s 412 

and adult occupational position were more likely to have excessively long sleep duration, 413 

when compared to high SES individuals. However, while short sleep duration is more 414 

probably the consequence of adverse socioeconomic circumstances, later leading to adverse 415 

health outcomes, long sleep duration more probably results from preexisting conditions, such 416 

as depression, that affect socially disadvantaged individuals more 18-21, 35. 417 

Our study also confirms the relationship between short sleep duration and an increased risk of 418 

CHD and stroke 13. Mechanistic studies suggest that chronic sleep deprivation may result in 419 

hypertension, elevated inflammation, and atherosclerosis through an aberrant activation of the 420 

sympathetic nervous system, as well as to an increased risk of type 2 diabetes (T2D) and 421 

obesity, altogether leading to cardiovascular events 13, 15, 42. In a series of sensitivity analyses 422 

additionally adjusted for T2D and obesity, we observed that the association between adult 423 

SES and CHD, and the contribution of sleep duration were no longer significant, which may 424 

be attributed to potential confounding or even mediation, whereby T2D and obesity could 425 

constitute an additional intermediate step between chronic sleep deprivation, and the eventual 426 

occurrence of CHD or stroke. The potential role of inappropriate nutrition as an additional 427 

step in this chain of causation could not be investigated in our study and shall be the subject 428 

of additional research. 429 

We also found that long sleep duration is associated with an increased CVD risk, but to a 430 

lesser extent than short sleep, which is line with previous studies reporting that an excessively 431 

long sleep duration is also associated with adverse health outcomes, including CVD 21. 432 

Nevertheless, the underlying mechanisms linking sleep duration and CVD are not the same 433 

for short and long sleep duration, and long sleep duration is often mentioned as a consequence 434 

of preexisting illnesses rather than a cause 18-21. While there is no clear evidence that sleeping 435 
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more than eight hours per night could lead to adverse health outcomes in healthy individuals, 436 

former research has often reported that major depressive disorder is a strong predictor of 437 

excessive sleeping, suggesting that depression may confound the associations between long 438 

sleep and adverse health-related outcomes18. 439 

Our study found that there was an inverse association between adult occupational position and 440 

CHD in both men and women, which is in line with previous research 43. We also observed 441 

that short sleep duration significantly contributed to the adult occupational gradient in CHD in 442 

men, but not in women. The absence of mediation by short sleep duration in women may be 443 

related to the fact that there was a weaker adult occupational gradient in short sleep duration 444 

in women than in men. Overall, these gender-related differences may be explained by 445 

additional sociodemographic and socioeconomic factors, such as the fact that low SES women 446 

often have to combine the physical and psychosocial strain of manual, less paid jobs to that of 447 

numerous household responsibilities and stress, which eventually negatively affects their 448 

sleep and its health-restoring effects when compared to men 11. Furthermore, we found an 449 

inverse association between father’s occupational position and CHD, which was only 450 

marginally decreased upon accounting for adult occupational position. These findings indicate 451 

that father’s occupational position likely affects CHD through latent mechanisms, whereby 452 

adverse socioeconomic circumstances in early life have left permanent biological imprints 453 

that translate into higher CHD risk in later life 37, 44. Finally, we also observed that there were 454 

no associations between both life-course SES indicators and stroke, which may be related to a 455 

differential socioeconomic patterning, and different pathophysiology and risk factors for these 456 

two cardiovascular disorders 45, 46 . Another explanation may be related to a lack of statistical 457 

power, as the occurrence of stroke was much lower than the occurrence of CHD events 458 

throughout the included cohorts.  459 

4.1 Strengths and limitations 460 
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Our study has several strengths. First, to our knowledge this is the first study to investigate the 461 

contribution of sleep duration to the association between life-course socioeconomic status and 462 

cardiovascular disorders. Second, we used data from eight cohorts conducted in four 463 

European countries, involving more than 111,000 participants. Our study also has some 464 

limitations to acknowledge. First, the demographic, epidemiological and methodological 465 

differences between the eight cohorts represent a vast challenge in terms of data 466 

harmonization, and may result in important heterogeneity, particularly concerning the 467 

occurrence and assessment of cardiovascular outcomes. While the difference in CHD 468 

prevalence between the Northern (Whitehall II, ELSA) and the Southern European cohorts 469 

(Constances, E3N, GAZEL, SKIPOGH, COLAUS) may be attributed to the well-established 470 

North-South gradient in CHD prevalence in Europe 47, potential bias resulting from a 471 

differential reporting of cardiovascular outcomes cannot be excluded. In particular, the 472 

absence of objectively assessed health-related outcomes and the lack  of access to medical 473 

records may result in important self-report and recall biases, eventually yielding differential 474 

SES-CVD and sleep duration-CVD gradients across included studies 48, 49. These types of 475 

systematic errors represent an important issue in epidemiological studies, especially given the 476 

fact that factors such as education and other SES variables were found to influence recall bias 477 

in retrospective cohorts48. Furthermore, another limitation related to procurement 478 

methodology is the systematic difference observed between self-reported and objectively 479 

measured sleep duration, which could not be accounted for in the present analyses50. 480 

Additional issues may be related to the statistical methodology applied in this study. In 481 

particular, cross-sectional analyses do not allow determining the causal direction of 482 

associations, which can be a particular issue for analyses involving sleep disturbances and 483 

health-related outcomes, as the relation between these two factors is not exclusively 484 

unidirectional. However, we managed to address this issue by performing a series of 485 
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longitudinal analyses in Whitehall II study. Furthermore, apart from the contribution of sleep 486 

duration, we must acknowledge the role of other potential confounders or mediators of the 487 

socioeconomic gradient in cardiovascular disorders, including hypertension, hyperlipidemia, 488 

life-related factors, working hours, psychosocial exposures, and environmental factors, whose 489 

contribution was not examined in this multi-cohort study. Finally, the lack of information on 490 

objectively measured sleep disorders (i.e. sleep-disordered breathing) as well as sleep quality 491 

indicators in the majority of cohorts may be another limiting factor in this study, as sleep 492 

apnea and sleep quality have been found to be associated with CVD risk as well as sleep 493 

duration, and could potentially confound the causal pathways involving SES, sleep duration, 494 

and cardiovascular disorders 51-53. 495 

4.2 Conclusion 496 

In summary, this large pan-European analysis suggests that short sleep duration is a potential 497 

mechanism underlying the association between adult occupational position and CHD. 498 

Additional longitudinal analyses shall be conducted to further investigate the causal 499 

relationship between SES, sleep duration and CVD. Finally, the role of other sleep features, in 500 

particular sleep quality, shall further be investigated as potential confounders of the 501 

associations between SES, sleep duration, and CVD. 502 

  503 
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Table 1: General characteristics of included participants by cohort 713 
  Constances   GAZEL   E3N   Whitehall II   ELSA   COLAUS   SKIPOGH   EPIPORTO   Pooled data 
  N=50,463   N=8,760   N=39,258   N=4,356   N=3,838   N=2,228   N=854   N=1,448   N=111,205 
% Women 26437 (52%)  2059 (24%)  39258 (100%)  1239 (28%)  2144 (56%)  1149 (52%)  432 (51%)  864 (60%)  73582 (66%) 
                  
Age (mean±SD, y) 48.4 (±13)  68.9 (±3.4)  64 (±6.3)  55.7 (±6)  72 (±8.7)  53 (±8)  50.3 (±16.2)  52 (±13.3)  56.8 (±13.1) 
                  
Father's occupationnal position (N, %)                  
High 10933 (22%)  3251 (37%)  6303 (16%)  426 (10%)  396 (10%)  718 (32%)  215 (25%)  195 (13%)  22437 (20%) 
Middle 20504 (41%)  1930 (22%)  16805 (43%)  1335 (31%)  1476 (38%)  848 (38%)  406 (48%)  306 (21%)  43610 (39%) 
Low 19026 (38%)  3579 (41%)  16150 (41%)  2595 (60%)  1966 (51%)  662 (30%)  233 (27%)  947 (65%)  45158 (41%) 
                  
Adult occupational position (N, %)                  
High 17041 (34%)  2527 (29%)  5041 (13%)  2412 (55%)  1118 (29%)  352 (16%)  187 (22%)  310 (21%)  28988 (26%) 
Middle 16402 (33%)  4649 (53%)  28411 (72%)  1350 (31%)  1679 (44%)  818 (37%)  293 (34%)  313 (22%)  53915 (48%) 
Low 17020 (34%)  1584 (18%)  5806 (15%)  594 (14%)  1041 (27%)  1058 (47%)  374 (44%)  825 (57%)  28302 (25%) 
                  
Flexible working hours (N, %) 17041 (34%)  2527 (29%)  5041 (13%)  3762 (86%)  1118 (29%)  352 (16%)  185 (22%)  310 (21%)  30336 (27%) 
                  
Sleep duration (mean±SD, h/n) 7.2 (±1.2)  7.3 (±1.1)  7.6 (±1.1)  6.7 (±1)  6.9 (±1.3)  6.9 (±1)  6.9 (±1.1)  7.8 (±1.5)  7.3 (±1.2) 
                  
Sleep duration (N, %)                  
Normal sleep (6h-8.5h/n) 40382 (80%)  6676 (76%)  31532 (80%)  3960 (91%)  2962 (77%)  1953 (88%)  728 (85%)  996 (69%)  89189 (80%) 
Long sleep (>8.5h/n) 5934 (12%)  1376 (16%)  6670 (17%)  66 (2%)  325 (8%)  80 (4%)  42 (5%)  385 (27%)  14878 (13%) 
Short sleep (<6h/n) 4147 (8%)  708 (8%)  1056 (3%)  330 (8%)  551 (14%)  195 (9%)  84 (10%)  67 (5%)  7138 (6%) 
                  
Health-related behaviors (N, %)                  
Current smoking 9696 (19%)  635 (7%)  2639 (7%)  452 (10%)  354 (9%)  496 (22%)  224 (26%)  327 (23%)  14823 (13%) 
Hazardous alcohol consumption a 5847 (12%)  2468 (28%)  16601 (42%)  1731 (40%)  1057 (28%)  401 (18%)  72 (8%)  475 (33%)  28652 (26%) 
Sedentary behavior 11689 (23%)  2884 (33%)  7874 (20%)  259 (6%)  1280 (33%)  611 (27%)  337 (39%)  1169 (81%)  26103 (23%) 
                  
Diabetes (N, %) 1683 (3%)  1155 (13%)  ***  204 (5%)  303 (12%)  176 (8%)  46 (5%)  165 (11%)  3732 (5%) 
Obesity (N, %) 5676 (11%)  1177 (14%)  2660 (7%)  596 (18%)  945 (29%)  297 (13%)  123 (14%)  312 (22%)  11786 (11%) 
                  
Cardiovascular disorders                  
CHD (N, %) 660 (1%)  518 (6%)  460 (1%)  574 (13%)  445 (13%)  93 (4%)  21 (2%)  92 (6%)  2863 (3%) 
Stroke (N, %) 400 (1%)   99 (1%)   878 (2%)   18 (0%)   190 (5%)   24 (1%)   10 (1%)   36 (2%)   1655 (2%) 

CHD, coronary heart disease; h/n, hours per night 714 
a Hazardous alcohol consumption was defined as having >3 alcoholic drinks per day for men and >2 alcoholic drinks per day in women 715 
*** This outcome was not assessed in the E3N cohort716 
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Table 2:  Association between SES indicators and sleep duration based on pooled cohort data 717 

Men   OR (95 %CI) P-value N 

A. Father's occupational position (unadj. adult occ.) Short sleep (0h-6h) 1.18 [1.07;1.31] 0.002 37623 

(High: 7.15h; Mid: 7.13h; Low: 7.07h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.01 [0.92;1.11] 0.805  

B. Father's occupational position (adj. adult occ.) Short sleep (0h-6h) 1.12 [1.01;1.24] 0.036 37623 

(High: 7.15h; Mid: 7.13h; Low: 7.07h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 0.97 [0.89;1.07] 0.560  

C. Adult occupational position Short sleep (0h-6h) 2.22 [1.85;2.66] <0.001 37623 

(High: 7.11h; Mid: 7.12h; Low: 7.09h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

  Long sleep (>8.5h) 1.88 [1.59;2.23] <0.001  

Women       

A. Father's occupational position (unadj. adult occ.) Short sleep (0h-6h) 1.31 [1.20;1.44] <0.001 73582 

(High: 7.37h; Mid: 7.41h; Low: 7.37h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.07 [1.01;1.14] 0.014  

B. Father's occupational position (adj. adult occ.) Short sleep (0h-6h) 1.24 [1.13;1.36] <0.001 73582 

(High: 7.37h; Mid: 7.41h; Low: 7.37h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.07 [1.01;1.13] 0.028  

C. Adult occupational position Short sleep (0h-6h) 2.12 [1.82;2.47] <0.001 73582 

(High: 7.33h; Mid: 7.46h; Low: 7.27h) d Normal sleep (6h-8.5h) (ref. outcome) 1.00   

  Long sleep (>8.5h) 1.14 [1.03;1.27] 0.014  

OR, odds ratio; CI, confidence interval 718 
A. Multinomial logistic regression for the association between father's occupational position (predictor-Lowest vs. Highest) and three category sleep duration (outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: 719 
≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours and health behaviors 720 
B. Multinomial logistic regression for the association between father's occupational position (predictor-Lowest vs. Highest) and three category sleep duration (outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: 721 
≥8.5h/night ), adjusted for age, adult occupational position, cohort, study period, flexible working hours and health behaviors 722 
C. Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration (outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: 723 
≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours and health behaviors 724 
d Average sleep duration per SES categories 725 
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Table 3: Association between sleep duration and cardiovascular disorders based on pooled cohort data 726 

    OR (95% CI) a P-value N 

Men Short sleep (0h-6h) CHD 1.65 [1.41;1.92] <0.001 36987 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)   1.02 [0.87;1.19] 0.825  

 Short sleep (0h-6h) Stroke 1.16 [0.84;1.60] 0.381 36759 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)   1.51 [1.17;1.95] 0.001  

Women Short sleep (0h-6h) CHD 1.59 [1.28;1.97] <0.001 72863 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)   1.24 [1.03;1.49] 0.024  

 Short sleep (0h-6h) Stroke 1.31 [1.03;1.66] 0.028 72819 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)   1.24 [1.06;1.43] 0.005  
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 727 
a Logistic regression for the association between three category sleep duration (categorical predictor-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ) 728 
and cardiovascular disorders (outcome), adjusted for age, cohort , study period, flexible working hours, and health behaviors 729 
 730 
  731 
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Figure 1: Directed acyclic graphs representing the counterfactual mediation model for the 732 

association between SES indicators and cardiovascular outcomes, mediated by sleep duration 733 

 734 

 735 

COV: Covariates (age, cohort, study period, health behaviors, flexible working hours); SES: (Adult/Father’s occupational position); M: 736 
mediator – sleep duration; CVD (cardiovascular disorders) 737 
A: NDE, Natural direct effect: Effect of the predictor (SES) on the main outcome (CVD), through pathways which do not involve the 738 
mediator (sleep duration) 739 
B: NIE: Natural indirect effect: Effect of the predictor (SES) on the main outcome (CVD), through pathways which involve the mediator 740 
(sleep duration) 741 
C: Confounding effects by covariates 742 
MTE: Marginal total effect of the predictor (SES) on the main outcome (CVD): NDE + NIE (not represented) 743 
This figure was realized with MS Office-Excel. 744 

  745 
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Figure 2: Counterfactual mediation estimates for the association between SES indicators and 746 

cardiovascular disorders, mediated by short sleep duration (<6h/n), using pooled cohort data  747 

 748 
CHD, coronary heart disease 749 
A. Association between father’s occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health 750 
behaviors.  751 
B. Association between father’s occupational position and CVD, adjusted for age, adult occupational position, cohort, study period, flexible 752 
working hours and health behaviors 753 
C. Association between adult occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health 754 
behaviors.  755 
Sample size (A, B, C): Men: N=36987 CHD, N=36759 stroke ; Women: N=72863 CHD, N=72819 stroke 756 
MTE: Marginal total effect (OR95% CI); NDE: Natural direct effect (OR 95% CI); NIE: Natural indirect effect (OR 95% CI); PM: 757 
Proportion of the association between occupational position and cardiovascular disorders which is mediated by short sleep duration (*, 758 
significant mediation; Lower  and upper  arrow indicate that CIs extend beyond the limits of the graph) 759 
This figure was realized with MSOffice-Excel. 760 

 761 
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Supplementary Table 1: Counterfactual mediation estimates for the association between SES indicators and cardiovascular disorders, mediated by long sleep 39 

duration (>8.5h/n), using pooled cohort data  40 

  MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

A. Father's occupational position (unadj. adult occ.)       

Men CHD 1.18 [1.03;1.37] 1.18 [1.03;1.37] 1.00 [0.99;1.01] 0.0 [-1.1;0.9] 36987 

 Stroke 1.01 [0.77;1.34] 1.01 [0.77;1.33] 1.00 [0.99;1.01] 7.2 [-19.4;18.6] 36759 

Women CHD 1.15 [0.94;1.41] 1.15 [0.94;1.41] 1.00 [0.99;1.01] 0.6 [-5.9;9.6] 72863 

  Stroke 0.92 [0.78;1.08] 0.91 [0.78;1.07] 1.00 [0.99;1.01] -2.6 [-25.3;28.8] 72819 

B. Father's occupational position (adj. adult occ.)       

Men CHD 1.17 [1.01;1.35] 1.17 [1.01;1.35] 1.00 [0.99;1.01] 0.1 [-1;1.7] 36987 

 Stroke 1.00 [0.76;1.32] 1.00 [0.76;1.32] 1.00 [0.99;1.01] -153.1 [-21.6;19.7] 36759 

Women CHD 1.12 [0.91;1.37] 1.12 [0.91;1.37] 1.00 [0.99;1.01] 0.6 [-7;9.2] 72863 

  Stroke 0.91 [0.77;1.08] 0.91 [0.77;1.08] 1.00 [0.99;1.01] -2.1 [-25.6;14.6] 72819 

C. Adult occupational position       

Men CHD 1.38 [1.06;1.75] 1.38 [1.07;1.76] 1.00 [0.98;1.02] -0.3 [-8.7;8.5] 36987 

 Stroke 1.04 [0.61;1.69] 1.02 [0.60;1.65] 1.03 [0.99;1.07] 63.5 [-184.5;188.5] 36759 

Women CHD 1.59 [1.14;2.22] 1.59 [1.13;2.21] 1.01 [0.98;1.01] 1.4 [-0.3;5.8] 72863 

  Stroke 1.14 [0.83;1.53] 1.13 [0.82;1.53] 1.00 [0.99;1.01] 3.3 [-30.4;30.1] 72819 

OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 41 
A. Association between father’s occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health behaviors 42 
B. Association between father’s occupational position and CVD, adjusted for age, adult occupational position, cohort, study period, flexible working hours and health behaviors 43 
C. Association between adult occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health behaviors 44 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association between occupational position and cardiovascular disorders which is mediated by 45 
long sleep duration (bold, significant associations/mediation) 46 

 47 
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Supplementary Table 2:  Association between father’s occupational position and sleep duration based on 48 

individual cohort data, unadjusted for adult occupational position 49 

     OR (95 %CI) a P-value N 

Constances Men Short sleep (0h-6h) 1.25 [1.09;1.43] 0.001 24026 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.99 [0.88;1.12] 0.926  

 Women Short sleep (0h-6h) 1.38 [1.21;1.57] <0.001 26437 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.98 [0.89;1.08] 0.703  

GAZEL Men Short sleep (0h-6h) 1.05 [0.84;1.30] 0.683 6701 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1 [0.86;1.16] 0.974  

 Women Short sleep (0h-6h) 1.02 [0.74;1.41] 0.909 2059 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.17 [0.87;1.57] 0.296   

E3N Women Short sleep (0h-6h) 1.22 [1.03;1.46] 0.024 39258 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.10 [1.02;1.18] 0.014  

Whitehall II Men Short sleep (0h-6h) 1.00 [0.65;1.53] 0.997 3117 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.66 [0.60;4.60] 0.333  

 Women Short sleep (0h-6h) 1.48 [0.80;2.75] 0.215 1239 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.51 [0.16;1.61] 0.252  

ELSA Men Short sleep (0h-6h) 1.16 [0.71;1.89] 0.543 1694 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.13 [0.65;1.96] 0.659   

 Women Short sleep (0h-6h) 0.91 [0.65;1.28] 0.599 2144 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.16 [0.73;1.84] 0.537  

COLAUS Men Short sleep (0h-6h) 1.21 [0.71;2.08] 0.486 1079 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.05 [0.36;3.10] 0.927  

 Women Short sleep (0h-6h) 1.59 [0.90;2.79] 0.108 1149 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.95 [0.46;1.95] 0.888  

SKIPOGH Men Short sleep (0h-6h) 1.09 [0.42;2.82] 0.862 422 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 4.4 [1.06;18.25] 0.041  

 Women Short sleep (0h-6h) 2.07 [0.85;5.02] 0.109 432 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.94 [0.28;3.19] 0.918  

EPIPORTO Men Short sleep (0h-6h) 2.21 [0.46;10.61] 0.320 584 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.77 [0.43;1.39] 0.390  

 Women Short sleep (0h-6h) 19.04 [2.83;128.12] 0.002 864 

  Normal sleep (6h-8.5h) (ref.) 1.00   

    Long sleep (>8.5h) 0.82 [0.50;1.33] 0.418   
OR, odds ratio; CI, confidence interval 50 
a Multinomial logistic regression for the association between father’s occupational position (predictor-Lowest vs. Highest) and three category sleep duration 51 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours, and health behaviors 52 

53 
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Supplementary Table 3:  Association between father’s occupational position and sleep duration based on 54 

individual cohort data, adjusted for adult occupational position 55 

     OR (95 %CI) a P-value N 

Constances Men Short sleep (0h-6h) 1.15 [1.01;1.32] 0.042 24026 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.94 [0.84;1.06] 0.336  

 Women Short sleep (0h-6h) 1.26 [1.11;1.44] <0.001 26437 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.95 [0.86;1.06] 0.353  

GAZEL Men Short sleep (0h-6h) 1.05 [0.85;1.30] 0.640 6701 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.00 [0.86;1.16] 0.985  

 Women Short sleep (0h-6h) 1.01 [0.73;1.40] 0.949 2059 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.18 [0.88;1.58] 0.277   

E3N Women Short sleep (0h-6h) 1.21 [1.02;1.45] 0.029 39258 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.10 [1.02;1.19] 0.012  

Whitehall II Men Short sleep (0h-6h) 0.94 [0.61;1.45] 0.771 3117 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.56 [0.56;4.36] 0.400  

 Women Short sleep (0h-6h) 1.36 [0.73;2.55] 0.334 1239 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.45 [0.14;1.43] 0.177  

ELSA Men Short sleep (0h-6h) 1.10 [0.67;1.80] 0.702 1694 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.04 [0.60;1.80] 0.899   

 Women Short sleep (0h-6h) 0.84 [0.59;1.18] 0.314 2144 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.13 [0.71;1.81] 0.598  

COLAUS Men Short sleep (0h-6h) 1.05 [0.60;1.85] 0.866 1079 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.01 [0.33;3.07] 0.989  

 Women Short sleep (0h-6h) 1.41 [0.79;2.50] 0.248 1149 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.00 [0.49;2.07] 0.992  

SKIPOGH Men Short sleep (0h-6h) 1.06 [0.41;2.75] 0.906 422 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 4.37 [1.05;18.15] 0.042  

 Women Short sleep (0h-6h) 1.69 [0.68;4.19] 0.259 432 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.95 [0.28;3.28] 0.935  

EPIPORTO Men Short sleep (0h-6h) 2.38 [0.49;11.46] 0.280 584 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.69 [0.38;1.27] 0.234  

 Women Short sleep (0h-6h) 18.86 [2.79;127.28] 0.003 864 

  Normal sleep (6h-8.5h) (ref.) 1.00   

    Long sleep (>8.5h) 0.81 [0.50;1.32] 0.399   
OR, odds ratio; CI, confidence interval 56 
a Multinomial logistic regression for the association between father’s occupational position (predictor-Lowest vs. Highest) and three category sleep duration 57 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for adult occupational position age, cohort, study period, flexible working hours, 58 
and health behaviors 59 
  60 
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Supplementary Table 4:  Association between adult occupational position and sleep duration based on 61 

individual cohort data 62 

     OR (95 %CI) a P-value N 

Constances Men Short sleep (0h-6h) 2.73 [2.17;3.43] <0.001 24026 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.98 [1.60;2.44] <0.001  

 Women Short sleep (0h-6h) 2.39 [1.95;2.93] <0.001 26437 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.31 [1.11;1.55] 0.002  

GAZEL Men Short sleep (0h-6h) 0.68 [0.40;1.17] 0.163 6701 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.06 [0.73;1.54] 0.756  

 Women Short sleep (0h-6h) 1.26 [0.66;2.42] 0.490 2059 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.84 [0.46;1.54] 0.567   

E3N Women Short sleep (0h-6h) 1.39 [1.00;1.94] 0.049 39258 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.88 [0.75;1.03] 0.100  

Whitehall II Men Short sleep (0h-6h) 2.58 [1.38;4.82] 0.003 3117 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 2.74 [0.73;10.27] 0.135  

 Women Short sleep (0h-6h) 2.34 [0.80;6.82] 0.119 1239 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 4.04 [0.37;43.64] 0.250  

ELSA Men Short sleep (0h-6h) 1.95 [0.94;4.05] 0.075 1694 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 3.15 [1.29;7.71] 0.012  

 Women Short sleep (0h-6h) 2.68 [1.58;4.54] <0.001 2144 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.32 [0.66;2.66] 0.429  

COLAUS Men Short sleep (0h-6h) 2.91 [1.19;7.11] 0.019 1079 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.37 [0.26;7.31] 0.716  

 Women Short sleep (0h-6h) 4.55 [1.58;13.14] 0.005 1149 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.58 [0.18;1.85] 0.354  

SKIPOGH Men Short sleep (0h-6h) 2.31 [0.42;12.65] 0.335 422 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 1.38 [0.15;12.73] 0.778  

 Women Short sleep (0h-6h) 11.42 [2.37;55.08] 0.002 432 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 0.88 [0.14;5.53] 0.891  

EPIPORTO Men Short sleep (0h-6h) 0.70 [0.11;4.36] 0.702 584 

  Normal sleep (6h-8.5h) (ref.) 1.00   

  Long sleep (>8.5h) 2.59 [1.02;6.56] 0.046  

 Women Short sleep (0h-6h) 1.71 [0.27;10.79] 0.569 864 

  Normal sleep (6h-8.5h) (ref.) 1.00   

    Long sleep (>8.5h) 1.08 [0.43;2.68] 0.874   
OR, odds ratio; CI, confidence interval 63 
a Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration 64 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours, and health behaviors65 
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Supplementary Table 5: Association between sleep duration and cardiovascular disorders based on 66 

individual cohort data 67 

      Men     Women   

Constances     OR (95%CI) a P-value b N  OR (95%CI) a P-value b N 
 Short sleep (0h-6h) CHD 1.53 [1.18;1.99] 0.001 23534  1.58 [0.88;2.83] 0.124 25913 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  0.90 [0.69;1.17] 0.433   1.15 [0.63;2.10] 0.645  

 Short sleep (0h-6h) Stroke 0.96 [0.59;1.57] 0.874 23522  1.51 [0.97;2.35] 0.069 25915 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  1.5 [1.06;2.13] 0.021    0.95 [0.59;1.53] 0.843   

GAZEL                  
 Short sleep (0h-6h) CHD 1.44 [1.06;1.96] 0.020 6701  *** *** 2059 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  1.05 [0.82;1.34] 0.715   1.37 [0.15;12.54] 0.778  

 Short sleep (0h-6h) Stroke 1.25 [0.60;2.64] 0.550 6515  1.04 [0.23;4.60] 0.961 2030 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  0.67 [0.33;1.35] 0.257   1.26 [0.36;4.41] 0.716  

E3N                  
 Short sleep (0h-6h) CHD     1.69 [1.10;2.59] 0.017 39258 
 Normal sleep (6h-8.5h) (ref.)      1.00   

 Long sleep (>8.5h)       1.3 [1.03;1.63] 0.025  

 Short sleep (0h-6h) Stroke       1.46 [1.03;2.05] 0.032 39258 
 Normal sleep (6h-8.5h) (ref.)      1.00   

 Long sleep (>8.5h)       1.31 [1.11;1.55] 0.001  

Whitehall II                  
 Short sleep (0h-6h) CHD 1.98 [1.37;2.85] <0.001 3117  1.52 [0.95;2.43] 0.082 1239 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  0.44 [0.13;1.45] 0.177   0.88 [0.26;3.02] 0.837  

 Short sleep (0h-6h) Stroke 2.17 [0.47;10.09] 0.322 3117  5.64 [0.30;104.89] 0.246 1239 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  3.91 [0.48;31.65] 0.201   *** ***  

ELSA                  
 Short sleep (0h-6h) CHD 1.84 [1.24;2.73] 0.003 1555  1.49 [1.03;2.15] 0.035 1956 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  1.50 [0.94;2.39] 0.087   0.89 [0.51;1.53] 0.670  

 Short sleep (0h-6h) Stroke 0.94 [0.47;1.91] 0.873 1524  0.74 [0.41;1.33] 0.317 1937 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  2.41 [1.33;4.35] 0.004   0.67 [0.31;1.45] 0.314  

COLAUS                  
 Short sleep (0h-6h) CHD 1.35 [0.61;2.98] 0.461 1074  0.74 [0.17;3.19] 0.683 1145 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  0.95 [0.2;4.41] 0.948   0.99 [0.22;4.47] 0.988  

 Short sleep (0h-6h) Stroke 4.99 [1.16;21.43] 0.031 1075  0.98 [0.12;7.81] 0.987 1146 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  17.49 [3.03;101.06] 0.001   1.35 [0.17;11.01] 0.777  

SKIPOGH                  
 Short sleep (0h-6h) CHD 1.56 [0.3;8.24] 0.599 422  1.47 [0.15;14.46] 0.743 432 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  0.69 [0.07;6.49] 0.742   *** ***  

 Short sleep (0h-6h) Stroke 5.07 [0.87;29.69] 0.072 422  *** *** 432 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  2.74 [0.25;30.61] 0.412   *** ***  
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EPIPORTO                  
 Short sleep (0h-6h) CHD 2.85 [0.86;9.44] 0.087 584  2.12 [0.65;6.89] 0.210 861 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  1.07 [0.54;2.12] 0.840   1.55 [0.78;3.1] 0.212  

 Short sleep (0h-6h) Stroke *** *** 584  1.08 [0.13;8.75] 0.944 862 
 Normal sleep (6h-8.5h) (ref.)  1.00    1.00   

 Long sleep (>8.5h)  1.63 [0.57;4.64] 0.360     1.66 [0.63;4.37] 0.301   
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 68 
a Logistic regression for the association between three category sleep duration (categorical predictor-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ) 69 
and CVD (outcome), adjusted for age, study period, flexible working hours, and health behaviors 70 
*** OR could not be compute due to lack of statistical power 71 
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Supplementary Table 6: Counterfactual mediation estimates for the association between father’s 72 

occupational position and cardiovascular disorders, mediated by short sleep duration (<6h/n), using 73 

individual cohort data (unadjusted for adult occupational position) 74 

  MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

Constances           

Men CHD 1.33 [1.02;1.75] 1.32 [1.01;1.73] 1.01 [1;1.02] 2.6 [-1.5;16.1] 23534 

 Stroke 0.81 [0.53;1.2] 0.81 [0.53;1.2] 1 [0.99;1.01] 0.7 [-18.7;22.9] 23522 

Women CHD 0.73 [0.38;1.38] 0.71 [0.37;1.35] 1.02 [0.99;1.07] -5.9 [-81.5;64.6] 25913 

 Stroke 1.12 [0.72;1.7] 1.1 [0.71;1.68] 1.01 [0.99;1.04] 12.4 [-94;83.7] 25915 

GAZEL           

Men CHD 1.1 [0.89;1.39] 1.1 [0.89;1.39] 1 [0.99;1.01] 1.3 [-20.1;29.5] 6701 

 Stroke 1.41 [0.83;2.49] 1.4 [0.83;2.49] 1 [0.99;1.02] 0.7 [-11.7;17.4] 6515 

Women CHD *** *** *** *** 2059 

  Stroke *** *** *** *** 2030 

E3N           

Women CHD 1.11 [0.84;1.5] 1.11 [0.84;1.49] 1.00 [0.99;1.01] 4 [-33.5;35.1] 39258 

 Stroke 0.86 [0.69;1.07] 0.85 [0.69;1.06] 1.00 [0.99;1.01] -2.9 [-29;20.9] 39258 

Whitehall II           

Men CHD 1.07 [0.76;1.5] 1.07 [0.76;1.49] 1 [0.97;1.02] -0.1 [-68.5;71.5] 3117 

 Stroke *** *** *** *** 3117 

Women CHD 1.75 [1.06;3.06] 1.73 [1.04;3.02] 1.02 [0.99;1.06] 3.6 [-4.8;25.7] 1239 

  Stroke *** *** *** *** 1239 

ELSA           

Men CHD 1.48 [0.92;2.48] 1.47 [0.91;2.44] 1.01 [0.98;1.05] 2.7 [-18.4;28.6] 1555 

 Stroke 1.04 [0.48;2.41] 1.04 [0.48;2.4] 1 [0.98;1.04] 2.7 [-38.8;33] 1524 

Women CHD 1.46 [0.88;2.43] 1.47 [0.9;2.44] 0.99 [0.96;1.02] -1.6 [-30.3;22.1] 1956 

  Stroke 0.67 [0.35;1.3] 0.66 [0.35;1.29] 1 [0.98;1.04] -0.6 [-20.6;15.6] 1937 

COLAUS           

Men CHD 0.79 [0.4;1.56] 0.79 [0.39;1.56] 1 [0.97;1.06] -0.8 [-41.3;44.9] 1074 

 Stroke *** *** *** *** 1075 

Women CHD 0.86 [0.3;2.54] 0.84 [0.29;2.46] 1.02 [0.97;1.19] -12.8 [-90.9;95.9] 1145 

 Stroke 2.14 [0.51;10.49] 2.17 [0.49;10.58] 0.99 [0.96;1.06] -2.8 [-16.4;14.9] 1146 

SKIPOGH           

Men CHD 1.7 [0.21;17.14] 1.67 [0.2;16.28] 1.02 [0.73;1.61] 5.4 [-144.7;138.9] 422 

 Stroke 1.57 [0.17;23.91] 1.57 [0.16;24.49] 1 [0.78;1.18] 1.4 [-94.8;55.5] 422 

Women CHD *** *** *** *** 432 

 Stroke *** *** *** *** 432 

EPIPORTO           

Men CHD 0.94 [0;2.88] 0.9 [0;2.72] 1.05 [0.97;1.26] -80.3 [-135.6;142.7] 584 

 Stroke *** *** *** *** 584 

Women CHD 5.98 [0.83;96.9] 5.5 [0.72;91.95] 1.09 [0.95;1.4] 9.7 [-22.9;70.2] 861 

  Stroke *** *** *** *** 862 

OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 75 
Association between father’s occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health behaviors 76 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association 77 
between occupational position and cardiovascular disorders which is mediated by short sleep duration (bold, significant associations/mediation) 78 
*** OR could not be compute due to lack of statistical power 79 

80 
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Supplementary Table 7: Counterfactual mediation estimates for the association between father’s 81 

occupational position and cardiovascular disorders, mediated by short sleep duration (<6h/n), using 82 

individual cohort data (adjusted for adult occupational position) 83 

  MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

Constances           

Men CHD 1.3 [1;1.71] 1.29 [0.99;1.7] 1.00 [0.99;1.01] 1.7 [-1.6;13.8] 23534 

 Stroke 0.79 [0.52;1.17] 0.79 [0.52;1.18] 1 [0.99;1.01] 0.5 [-11.7;12.8] 23522 

Women CHD 0.72 [0.37;1.37] 0.7 [0.36;1.34] 1.02 [0.99;1.05] -4 [-51.1;42.8] 25913 

 Stroke 1.12 [0.71;1.74] 1.11 [0.7;1.72] 1.01 [1;1.03] 9 [-59.7;89.1] 25915 

GAZEL            

Men CHD 1.1 [0.89;1.38] 1.1 [0.89;1.38] 1 [0.99;1.01] 1.5 [-27.9;24.1] 6701 

 Stroke 1.41 [0.83;2.5] 1.41 [0.84;2.48] 1 [0.99;1.02] 0.7 [-10.8;18.7] 6515 

Women CHD *** *** *** *** 2059 

  Stroke *** *** *** *** 2030 

E3N            

Women CHD 1.1 [0.83;1.47] 1.1 [0.83;1.47] 1.00 [0.99;1.01] 4.3 [-32.6;49.9] 39258 

 Stroke 0.86 [0.69;1.06] 0.85 [0.69;1.06] 1.00 [0.99;1.01] -2.7 [-27.7;20.2] 39258 

Whitehall II            

Men CHD 1.03 [0.73;1.44] 1.03 [0.73;1.45] 1 [0.97;1.02] -8.8 [-76.6;82.4] 3117 

 Stroke *** *** *** *** 3117 

Women CHD 1.73 [1.01;3.11] 1.71 [1.00;3.05] 1.01 [0.98;1.05] 2.9 [-9;25.1] 1239 

  Stroke *** *** *** *** 1239 

ELSA            

Men CHD 1.49 [0.91;2.51] 1.48 [0.91;2.47] 1.01 [0.97;1.05] 1.8 [-21.7;30.9] 1555 

 Stroke 1.09 [0.51;2.51] 1.09 [0.51;2.51] 1.00 [0.98;1.03] 1.2 [-42.7;40.6] 1524 

Women CHD 1.4 [0.85;2.35] 1.41 [0.86;2.36] 0.99 [0.95;1.01] -3.2 [-51.9;25] 1956 

  Stroke 0.68 [0.35;1.36] 0.68 [0.35;1.34] 1.01 [0.98;1.05] -1.2 [-25.5;24.2] 1937 

COLAUS            

Men CHD 0.68 [0.32;1.4] 0.68 [0.31;1.4] 1 [0.96;1.04] -0.1 [-24.3;33.4] 1074 

 Stroke *** *** *** *** 1075 

Women CHD 0.74 [0.25;2.36] 0.73 [0.24;2.33] 1.01 [0.97;1.15] -3.8 [-71.5;52.2] 1145 

 Stroke 2 [0.35;11.48] 2.02 [0.35;11.55] 0.99 [0.96;1.04] -2.3 [-12.2;11.2] 1146 

SKIPOGH            

Men CHD 1.57 [0.17;15.32] 1.54 [0.17;15.29] 1.02 [0.71;1.59] 4.2 [-145.3;146.4] 422 

 Stroke 2 [0.14;58.23] 1.99 [0.13;58.23] 1 [0.73;1.19] 0.6 [-104.7;59.7] 422 

Women CHD *** *** *** *** 432 

 Stroke *** *** *** *** 432 

EPIPORTO            

Men CHD 0.97 [0;3.09] 0.92 [0;2.82] 1.05 [0.97;1.27] -154.6 [-130.3;148.7] 584 

 Stroke *** *** *** *** 584 

Women CHD 6.07 [0.76;89.89] 5.58 [0.71;82.78] 1.09 [0.95;1.4] 9.5 [-31.3;65.7] 861 

  Stroke *** *** *** *** 862 

OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 84 
Association between father’s occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health behaviors 85 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association 86 
between occupational position and cardiovascular disorders which is mediated by short sleep duration (bold, significant associations/mediation) 87 
*** OR could not be compute due to lack of statistical power 88 
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Supplementary Table 8: Counterfactual mediation estimates for the association between adult occupational 89 

position and cardiovascular disorders, mediated by short sleep duration (<6h/n), using individual cohort data  90 

  MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

Constances           

Men CHD 1.49 [0.93;2.26] 1.43 [0.9;2.2] 1.04 [0.99;1.09] 11.5 [-24.3;70.9] 23534 

 Stroke 1.46 [0.71;2.9] 1.47 [0.71;2.93] 0.99 [0.94;1.06] -2.5 [-83.7;65.8] 23522 

Women CHD 1.11 [0.37;2.88] 1.07 [0.35;2.77] 1.03 [0.97;1.13] 31.5 [-94.6;111.3] 25913 

 Stroke 1.08 [0.55;2.16] 1.05 [0.53;2.14] 1.03 [0.98;1.09] 38.7 [-159.4;161.7] 25915 

GAZEL            

Men CHD 1.32 [0.75;2.17] 1.34 [0.76;2.22] 0.99 [0.94;1.01] -5.8 [-70.6;44.9] 6701 

 Stroke 0.98 [0.16;3.2] 0.99 [0.17;3.4] 0.99 [0.87;1.04] 47.3 [-58.4;44.5] 6515 

Women CHD *** *** *** *** 2059 

  Stroke *** *** *** *** 2030 

E3N            

Women CHD 1.58 [0.89;2.54] 1.57 [0.89;2.54] 1.01 [1;1.03] 1.5 [-6.7;16] 39258 

 Stroke 1.1 [0.71;1.62] 1.09 [0.71;1.61] 1 [1;1.02] 4.6 [-45.4;32.1] 39258 

Whitehall II            

Men CHD 1.89 [1.18;3.22] 1.74 [1.09;2.82] 1.08 [0.99;1.34] 16.4 [-2.2;53.1] 3117 

 Stroke *** *** *** *** 3117 

Women CHD 1.33 [0.56;3.6] 1.31 [0.54;3.56] 1.01 [0.96;1.12] 5.6 [-67.6;80.8] 1239 

  Stroke *** *** *** *** 1239 

ELSA            

Men CHD 0.91 [0.39;1.97] 0.82 [0.35;1.81] 1.1 [0.99;1.32] -90.1 [-332.6;328.9] 1555 

 Stroke 0.41 [0.09;1.33] 0.38 [0.08;1.23] 1.08 [0.95;1.39] -5.1 [-83.9;51.1] 1524 

Women CHD 1.48 [0.72;3.02] 1.46 [0.71;2.95] 1.01 [0.93;1.13] 4.1 [-77.7;82.5] 1956 

  Stroke 0.76 [0.24;2.05] 0.78 [0.25;2.11] 0.97 [0.88;1.11] 10.5 [-108.9;158.3] 1937 

COLAUS            

Men CHD 2.16 [0.67;7.54] 2.11 [0.63;7.47] 1.02 [0.94;1.16] 3.8 [-48.9;68.6] 1074 

 Stroke *** *** *** *** 1075 

Women CHD 3.28 [0.57;40.26] 3.32 [0.54;39.44] 0.99 [0.93;1.16] -1.7 [-26.8;41.5] 1145 

 Stroke 1.5 [0.13;36.71] 1.49 [0.11;34.27] 1.01 [0.97;1.35] 2.5 [-69.7;100] 1146 

SKIPOGH            

Men CHD 6.97 [0.17;12.4] 5.88 [0.14;7.9] 1.19 [0.8;3.18] 18.3 [-59.2;124] 422 

 Stroke 0.15 [0;467.87] 0.1 [0;107.38] 1.57 [0.67;7.25] -6.6 [-193.8;198.3] 422 

Women CHD *** *** *** *** 432 

 Stroke *** *** *** *** 432 

EPIPORTO            

Men CHD 0.78 [0.14;4.03] 0.82 [0.14;4.45] 0.96 [0.59;1.24] 14.8 [-203.9;214.3] 584 

 Stroke 1.46 [0.05;208.59] 1.46 [0.05;208.59] 1 [1;1] 0 [0;0] 584 

Women CHD 0.67 [0.03;22.89] 0.66 [0.03;20.95] 1.01 [0.91;1.3] -2.3 [-42.3;63.6] 861 

  Stroke *** *** *** *** 862 

OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 91 
Association between adult occupational position and CVD, adjusted for age, cohort, study period, flexible working hours and health behaviors 92 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association 93 
between occupational position and cardiovascular disorders which is mediated by short sleep duration  94 
*** OR could not be compute due to lack of statistical power95 
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Supplementary Table 9: Longitudinal association between occupational position at baseline, and cardiovascular 96 

disease occurrence in the Whitehall II study through waves 1 to 8 97 

 Outcome Incident number of events (w1-w8) HR (95%CI) a P-value 

Men CHD 1289 1.23 [1.03;1.46] 0.017 

  Stroke 139 2.33 [1.41;3.86] 0.001 

Women CHD 661 1.24 [0.97;1.60] 0.090 

  Stroke 71 1.36 [0.61;3.01] 0.449 

HR, Hazard ratio; CI, confidence interval; CHD, coronary heart disease; CVD, cardiovascular disorders 98 
a Cox proportional hazard regression model for the association between three adult occupational position (predictor-Lowest vs. Highest) and CVD through waves 99 
1 to 8, adjusted for age, and health behaviors 100 

 101 

 102 
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Supplementary Table 10: Longitudinal association between sleep duration at baseline, and cardiovascular 103 

disease occurrence in the Whitehall II study through waves 1 to 8 104 

  Predictor Outcome 

Incident number 

of events (w1-w8) HR (95%CI) a P-value 

Men Short sleep (0h-6h) CHD 1285 1.49 [1.19;1.87] 0.001 

 Normal sleep (6h-8.5h) (ref. predictor)   1.00  

 Long sleep (>8.5h)   1.25 [1.02;1.52] 0.048 

 Short sleep (0h-6h) Stroke 137 1.37 [0.68;2.72] 0. 371 

 Normal sleep (6h-8.5h) (ref. predictor)   1.00  

 Long sleep (>8.5h)   1.19 [0.47;10.24] 0.798 

Women Short sleep (0h-6h) CHD 659 1.16 [0.87;1.53] 0.304 

 Normal sleep (6h-8.5h) (ref. predictor)   1.00  

 Long sleep (>8.5h)   0.98 [0.59;1.69] 0.686 

 Short sleep (0h-6h) Stroke 71 0.77 [0.30;2.07] 0.614 

 Normal sleep (6h-8.5h) (ref. predictor)   1.00  

  Long sleep (>8.5h)   *** *** 
HR, Hazard ratio; CI, confidence interval; CHD, coronary heart disease; CVD, cardiovascular disorders 105 
a Cox regression model for the association between three cat. sleep duration (wave 1- categorical predictor-Short: <6h/night; Normal: ≥6h-8.5/night; Long: 106 
≥8.5h/night ) and CVD through waves 1 to 8, adjusted for age, and health behaviors 107 
*** Insufficient statistical power 108 

  109 
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Supplementary Table 11:  Association between SES indicators and sleep duration based on pooled, 110 

imputed cohort data 111 

Men   OR (95 %CI) P-value 

A. Father's occupational position (unadj. adult 

occ.) Short sleep (0h-6h) 1.17 [1.06;1.28] 0.002 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

 Long sleep (>8.5h) 1.02 [0.94;1.11] 0.623 

B. Father's occupational position (adj. adult occ.) Short sleep (0h-6h) 1.10 [0.99;1.21] 0.057 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

 Long sleep (>8.5h) 0.98 [0.90;1.06] 0.553 

C. Adult occupational position Short sleep (0h-6h) 2.45 [2.10;2.86] <0.001 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

  Long sleep (>8.5h) 2.11 [1.82;2.44] <0.001 

Women      

A. Father's occupational position (unadj. adult 

occ.) Short sleep (0h-6h) 1.34 [1.24;1.45] <0.001 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

 Long sleep (>8.5h) 1.06 [1.01;1.12] 0.018 

B. Father's occupational position (adj. adult occ.) Short sleep (0h-6h) 1.26 [1.16;1.37] <0.001 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

 Long sleep (>8.5h) 1.05 [1.00;1.11] 0.050 

C. Adult occupational position Short sleep (0h-6h) 2.27 [2.00;2.57] <0.001 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00  

  Long sleep (>8.5h) 1.24 [1.14;1.35] <0.001 

OR, odds ratio; CI, confidence interval; occ., occupational position 112 
A. Multinomial logistic regression for the association between father's occupational position (predictor-Lowest vs. Highest) and three category sleep duration 113 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours and health behaviors 114 
B. Multinomial logistic regression for the association between father's occupational position (predictor-Lowest vs. Highest) and three category sleep duration 115 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, adult occupational position, cohort, study period, flexible working hours 116 
and health behaviors 117 
C. Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration 118 
(outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours and health behaviors 119 

  120 
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Supplementary Table 12: Association between sleep duration and cardiovascular disorders based on 121 

pooled, imputed cohort data 122 
   OR (95%CI) a P-value 

Men Short sleep (0h-6h) CHD 1.60 [1.40;1.82] <0.001 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00  

 Long sleep (>8.5h)  1.07 [0.93;1.22] 0.357 

 Short sleep (0h-6h) Stroke 1.22 [0.94;1.59] 0.140 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00  

 Long sleep (>8.5h)  1.34 [1.07;1.68] 0.010 

Women Short sleep (0h-6h) CHD 1.53 [1.28;1.83] <0.001 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00  

 Long sleep (>8.5h)  1.19 [1.02;1.39] 0.026 

 Short sleep (0h-6h) Stroke 1.43 [1.19;1.73] <0.001 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00  

 Long sleep (>8.5h)  1.22 [1.08;1.38] 0.002 
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 123 
a Logistic regression for the association between three category sleep duration (categorical predictor-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ) 124 
and cardiovascular disorders (outcome), adjusted for age, cohort , study period, flexible working hours, and health behaviors 125 

  126 
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Supplementary Table 13: Counterfactual mediation estimates for the association between adult 127 

occupational position and CHD mediated by short sleep duration (<6h/n), non-adjusted (A) and adjusted (B) 128 

for four sleep-quality indicators (Constances and GAZEL pooled data) 129 
A. Unadjusted for sleep quality 

indicators MTE-OR (95%CI) NDE-OR (95%CI) NDE-OR (95%CI) PM (95%CI) N 
Men 1.47 [1.05;2.07] 1.43 [1.02;2] 1.03 [1;1.07] 9.5 [0.2;49] 30235 
Women 0.92 [0.33;2.25] 0.9 [0.31;2.18] 1.03 [0.97;1.11] -30.1 [-104.5;99] 27972 
B. Adjusted for sleep quality 

indicators          
Men 1.36 [0.94;1.94] 1.35 [0.93;1.94] 1 [0.99;1.02] 1.8 [-10.3;23.1] 28358 
Women 0.94 [0.3;2.54] 0.93 [0.3;2.53] 1 [0.98;1.05] -7.6 [-42.6;33.5] 26185 

A. Association between adult occupational position and CHD, adjusted for age, adult occupational position, cohort, study period, flexible working hours and health 130 
behaviors, unadjusted for sleep quality indicators 131 
B. Association between adult occupational position and CHD, adjusted for age, cohort, study period, flexible working hours and health behaviors, additionally 132 
adjusted for four sleep quality indicators, namely “Difficulty falling asleep”, “Difficulty waking up in the morning”, “Waking up during the night”, “Waking up 133 
too early” – sleep quality related beta coefficients (M1 and M2) are presented in Supplementary Table 5 134 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association 135 
between occupational position and cardiovascular disorders which is mediated by sleep duration (* significant mediation) 136 
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Supplementary Table 14: Sleep quality beta coefficients for mediation models 1-θ and 2-β (Annex 1), 137 

computed for the association between adult occupational position and CHD, mediated by sleep duration –138 

(Constances and GAZEL pooled data) 139 

  

Difficulty falling 

asleep 

Difficulty waking up 

in the morning 

Waking up during the 

night 

Waking up too 

early 
a Men-M1: θ4

c (95%CI) 0.33 [0.05;0.6] 0.01 [-0.31;0.29] 0.2 [0.04;0.36] 0.09 [-0.19;0.33] 
b Men-M2: β4

c (95%CI) 0.98 [0.83;1.12] 0.31 [0.15;0.46] 0.4 [0.27;0.51] 1.5 [1.38;1.63] 
a Women-M1: θ4

c (95%CI) -0.24 [-1.16;0.48] 0.44 [-0.32;1.14] 0.08 [-0.59;0.66] 0.42 [-0.43;1.18] 
b Women-M2: β4

c (95%CI) 1.01 [0.88;1.14] 0.23 [0.1;0.36] 0.57 [0.44;0.69] 1.51 [1.38;1.63] 
a M1. Logistic regression model for the association between SES (main predictor) and CVD (binary outcome) (coefficient θ1

ses), including sleep duration (θ2
m-140 

effect of sleep duration on CVD) , an interaction term between SES and sleep duration (θ3
ses*m), and major confounders (θ4

c - age, cohort, study period, health 141 
behaviors, and flexible working hours) 142 
b M2. Multinomial regression model for the association between SES (main predictor) and sleep duration (categorical outcome) (β1

ses), including the effect of 143 
major confounders (β4

c - age, cohort, study period, health behaviors, and flexible working hours) 144 
(bold, significant associations/mediation)145 
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Supplementary Table 15: Summary of data acquisition methods across individual cohorts 146 

  Constances GAZEL E3N 

Whitehall 

II ELSA COLAUS SKIPOGH EPIPORTO 

Father's occ. SR SR SR SR SR SR SR SR 

Adult occ. SR OA-WR SR OA-WR SR SR SR SR 

Sleep SR SR SR SR SR SR SR SR 

CVD (history & 

baseline) OAa SR OAb OAc SR SR SR SR 

Health behaviors SR SR SR SR SR SR SR SR 
Occ., Occupational position; SR, Self-report; OA, Objective assessment; WR, Work registry; Health behaviors (smoking, alcohol intake, and sedentary behavior) 147 
a Health-questionnaire filled in with a physician and by using participant’s personal medical record at interview 148 
b Complementary information related to medical history provided by participants' GP 149 
c Thorough medical examination at interview and access to personal medical records 150 



18 

 

Supplementary Table 16: Association between adult occupational position and sleep duration among cohorts that included objectively assessed CHD events 151 

(A), and self-reported data (B) 152 

Men – Adult occupational position (predictor)  Outcome OR (95 %CI) d P-value d N 

A. Objective assessment (CHD) Short sleep (0h-6h) 2.72 [2.19;3.37] <0.001 27143 
 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.99 [1.62;2.45] <0.001   

B. Self-reported data Short sleep (0h-6h) 1.25 [0.88;1.79] 0.218 10480 
 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.49 [1.1;2.02] 0.011   

Women - Adult occupational position (predictor)         

A. Objective assessment (CHD) Short sleep (0h-6h) 2.08 [1.76;2.46] <0.001 66934 
 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.13 [1.01;1.26] 0.030   

B. Self-reported data Short sleep (0h-6h) 2.38 [1.67;3.37] <0.001 6648 
 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

 Long sleep (>8.5h) 1.05 [0.73;1.52] 0.790   
OR, odds ratio; CI, confidence interval 153 
A. Constances, Whitehall II, and E3N (women) data 154 
B. GAZEL, ELSA, COLAUS, SKIPOGH, and EPIPORTO 155 
d Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration (outcome-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night), adjusted for 156 
age, cohort, study period, flexible working hours and health behaviors 157 
  158 
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Supplementary Table 17: Association between sleep duration and CHD among cohorts that included objectively assessed CHD events (A), and self-reported 159 

data (B) 160 

   Men     Women   

A. Objective assessment (CHD) Outcome OR (95%CI) d P-value d N  OR (95%CI) a P-value N 

Short sleep (0h-6h) CHD 1.67 [1.35;2.07] <0.001 26651  1.64 [1.24;2.17] <0.001 66410 

Normal sleep (6h-8.5h) (ref. predictor)  1.00    1.00   

Long sleep (>8.5h)  0.89 [0.69;1.15] 0.365    1.27 [1.03;1.57] 0.026   

B. Self-reported data               

Short sleep (0h-6h) CHD 1.61 [1.29;2.02] <0.001 10336  1.47 [1.05;2.06] 0.023 6453 

Normal sleep (6h-8.5h) (ref. predictor)  1.00    1.00   

Long sleep (>8.5h)  1.12 [0.91;1.37] 0.276     1.16 [0.79;1.71] 0.438   
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 161 
A. Constances, Whitehall II, and E3N (women) data 162 
B. GAZEL, ELSA, COLAUS, SKIPOGH, and EPIPORTO 163 
d Logistic regression for the association between three cat. sleep duration (categorical predictor-Short: <6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ) and CHD (outcome), adjusted for age, cohort, study period, flexible working 164 
hours and health behaviors 165 
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Supplementary Table 18: Counterfactual mediation estimates for the association between adult occupational position and CHD, mediated by short sleep 166 

duration among cohorts that included objectively assessed CHD events (A), and self-reported data (B) 167 

Men - Adult SES, short sleep, CHD 

 

MTE-OR (95%CI) 

NDE-OR 

(95%CI) 

NIE-OR 

(95%CI) PM (95%CI) N 

A. Objective assessment (CHD)  1.60 [1.14;2.24] 1.53 [1.09;2.15] 1.04 [1.01;1.1] 11.1 [1.3;37] 26651 

       

B. Self-reported data  1.32 [0.89;1.93] 1.3 [0.87;1.91] 1.01 [0.99;1.05] 6 [-31.3;56.8] 10336 

Women - Adult SES, short sleep, CHD       

A. Objective assessment (CHD)  1.44 [0.94;2.14] 1.42 [0.93;2.11] 1.01 [0.99;1.04] 4.4 [-19.5;33.2] 66410 

       

B. Self-reported data  1.49 [0.77;2.76] 1.48 [0.77;2.74] 1.01 [0.97;1.06] 2.1 [-37.8;46.8] 6453 
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 168 
A. Constances, Whitehall II, and E3N (women) data 169 
B. GAZEL, ELSA, COLAUS, SKIPOGH, and EPIPORTO 170 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association between occupational position and CHD which is mediated by short sleep 171 
duration 172 
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Supplementary Table 19: Association between education and sleep duration based on pooled cohort data 173 

Men   OR (95 %CI) a P-value N 

Education (High, Middle, Low) b Short sleep (0h-6h) 1.86 [1.46;2.36] <0.001 20154 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

  Long sleep (>8.5h) 1.48 [1.17;1.87] <0.001  

Women       

Education (High, Middle, Low) b Short sleep (0h-6h) 1.94 [1.54;2.43] <0.001 39218 

 Normal sleep (6h-8.5h) (ref. outcome) 1.00   

  Long sleep (>8.5h) 1.5 [1.22;1.83] <0.001  
OR, odds ratio; CI, confidence interval 174 
a Multinomial logistic regression for the association between education (predictor-Lowest vs. Highest) and three category sleep duration (outcome-Short: 175 
<6h/night; Normal: ≥6h-8.5/night; Long: ≥8.5h/night ), adjusted for age, cohort, study period, flexible working hours and health behaviors 176 
b Highest level of attained education was self-reported by study participants across cohorts according to 7-9 categories and further harmonized into three levels : 177 
High (Tertiary education - University), Middle (Higher secondary school), Low (Primary or lower secondary school) 178 
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Supplementary Table 20: Counterfactual mediation estimates for the association between education and CVD outcomes, mediated by short sleep duration, 179 

using pooled data 180 

Education (High, Middle, Low) a Outcome MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

Men CHD 1.40 [1.21;1.65] 1.37 [1.18;1.60] 1.03 [1.01;1.05] 9.2 [4.1;18.0] 36802 

 Stroke 1.37 [1.00;1.87] 1.36 [0.99;1.85] 1.01 [0.99;1.04] 3.5 [-9.8;28.8] 36575 

Women CHD 1.55 [1.22;2.00] 1.53 [1.20;1.97] 1.01 [1.00;1.03] 3.8 [-0.6;11.4] 71206 

  Stroke 1.05 [0.84;1.33] 1.05 [0.84;1.32] 1.00 [0.99;1.02] 5.5 [-105.3;95.2] 71161 
OR, odds ratio; CI, confidence interval; CVD, cardiovascular disorders; CHD, coronary heart disease 181 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association between education and cardiovascular disorders which is mediated by short 182 
sleep duration 183 
a Highest level of attained education was self-reported by study participants across cohorts according to 7-9 categories and further harmonized into three levels : High (Tertiary education - University), Middle (Higher secondary school), Low 184 
(Primary or lower secondary school)185 
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Supplementary Table 21: Association between adult occupational position and sleep duration based on pooled 186 

cohort data (model further adjusted for type 2 diabetes and obesity) 187 

Men – Adult occupational position (predictor) OR (95 %CI) a P-value a N 

Short sleep (0h-6h) 2.15 [1.78;2.59] <0.001 35485 

Normal sleep (6h-8.5h) (ref. outcome) 1.00   

Long sleep (>8.5h) 1.85 [1.55;2.2] <0.001  

Women – Adult occupational position (predictor)     

Short sleep (0h-6h) 2.37 [1.97;2.84] <0.001 32515 

Normal sleep (6h-8.5h) (ref. outcome) 1.00   

Long sleep (>8.5h) 1.28 [1.1;1.49] 0.002  
OR, odds ratio; CI, confidence interval 188 
a Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration (outcome-189 
Short: <6h/night; Normal: ≥6h-8.5h/night; Long: ≥8.5h/night), adjusted for age, cohort, study period, flexible working hours, health behaviors, type 2 diabetes, and 190 
obesity 191 
 192 
 193 



24 

 

Supplementary Table 22: Association between sleep duration and cardiovascular disorders based on pooled 194 

cohort data (model further adjusted for type 2 diabetes and obesity) 195 

    Outcome OR (95%CI) a P-value a N 

Men Short sleep (0h-6h) CHD 1.55 [1.32;1.83] <0.001 34974 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)  0.99 [0.84;1.16] 0.870  

Women Short sleep (0h-6h) CHD 1.4 [1.04;1.89] 0.029 31951 

 Normal sleep (6h-8.5h) (ref. predictor)  1.00   

 Long sleep (>8.5h)  1.2 [0.85;1.69] 0.305  
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 196 
a Logistic regression for the association between three cat. sleep duration (categorical predictor-Short: <6h/night; Normal: ≥6h-8.5h/night; Long: ≥8.5h/night ) and 197 
CVD (outcome), adjusted for age, cohort, study period, flexible working hours, health behaviors, type 2 diabetes, and obesity198 
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Supplementary Table 23: Counterfactual mediation estimates for the association between adult occupational position and CHD, mediated by short sleep 199 

duration, using pooled data (model further adjusted for type 2 diabetes and obesity) 200 

Adult occupational position (predictor) – CHD (outcome) MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 

Men 1.22 [0.93;1.58] 1.18 [0.9;1.53] 1.03 [1.01;1.06] 17.9 [-110.5;153.4] 34974 

Women 1.17 [0.68;1.99] 1.17 [0.68;2] 1 [0.97;1.04] 1.00 [-64.4;53.7] 31951 
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 201 
MTE: Marginal total effect (OR 95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association between adult occupational position and cardiovascular disorders which is 202 
mediated by short sleep duration. Model adjusted for age, cohort, study period, flexible working hours, health behaviors, type 2 diabetes, and obesity 203 
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Supplementary Table 24: Association between adult occupational position and modified sleep duration 204 

(extreme thresholds) based on pooled cohort data 205 

Men – Adult occupational position (predictor) OR (95 %CI) a P-value a N 

Short sleep (0h-5h) 4.09 [2.95;5.66] <0.001 37623 

Normal sleep (5h-10h) (ref. outcome) 1.00   

Long sleep (>10h) 2.45 [1.8;3.33] <0.001  

Women     

Short sleep (0h-5h) 3.35 [2.46;4.55] <0.001 73582 

Normal sleep (5h-10h) (ref. outcome) 1.00   

Long sleep (>10h) 1.52 [1.26;1.83] <0.001  
OR, odds ratio; CI, confidence interval 206 
a Multinomial logistic regression for the association between adult occupational position (predictor-Lowest vs. Highest) and three category sleep duration 207 
(outcome-Short: <5h/night; Normal: ≥5h-10/night; Long: ≥10h/night), adjusted for age, cohort, study period, flexible working hours and health behaviors 208 
 209 

 210 

  211 
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Supplementary Table 25: Association between modified sleep duration (extreme thresholds) based on 212 

pooled cohort 213 

    Outcome OR (95%CI) a P-value a N 

Men Short sleep (0h-5h) CHD 1.96 [1.55;2.48] <0.001 36987 

 Normal sleep (5h-10h) (ref. predictor)  1.00   

 Long sleep (>10h)  1.07 [0.79;1.44] 0.675  

Women Short sleep (0h-5h) CHD 1.91 [1.41;2.61] <0.001 72863 

 Normal sleep (5h-10h) (ref. predictor)  1.00   

 Long sleep (>10h)  1.34 [1.00;1.8] 0.053  
OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 214 
a Logistic regression for the association between three cat. sleep duration (categorical predictor-Short: <5h/night; Normal: ≥5h-10h/night; Long: ≥10h/night) and 215 
CVD (outcome), adjusted for age, cohort, study period, flexible working hours and health behaviors 216 
 217 

 218 

  219 
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Supplementary Table 26: Counterfactual mediation estimates for the association between adult 220 

occupational position and cardiovascular disorders, mediated by short sleep duration (<5h/n), and long sleep 221 

duration (>10h/n), using pooled cohort data 222 
Mediator: Short sleep (0h-5h) MTE-OR (95%CI) NDE-OR (95%CI) NIE-OR (95%CI) PM (95%CI) N 
Men 1.42 [1.10;1.81] 1.39 [1.08;1.78] 1.02 [1.00;1.04] 6.5 [0.8;23.7] 36987 
Women 1.54 [1.09;2.12] 1.54 [1.09;2.11] 1.00 [0.99;1.01] 0.9 [-0.5;5.1] 72863 

Mediator: Long sleep (>10h)          
Men 1.40 [1.09;1.78] 1.40 [1.08;1.78] 1.00 [0.99;1.02] 0.7 [-3.4;8.0] 36987 
Women 1.57 [1.12;2.17] 1.56 [1.11;2.15] 1.01 [0.99;1.02] 1.7 [-0.7;7.6] 72863 

OR, odds ratio; CI, confidence interval; CHD, coronary heart disease 223 
MTE: Marginal total effect (OR95%CI); NDE: Natural direct effect (OR 95%CI); NIE: Natural indirect effect (OR 95%CI); PM: Proportion of the association 224 
between occupational position and cardiovascular disorders which is mediated by sleep duration 225 
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Supplementary Figure 1: Random effect meta-analyses for associations between adult occupational position and sleep-duration (A), sleep duration and CHD, 226 

and MTE and NIE (mediation proxy) parameters for the associations between adult occupational position, short sleep duration, and CHD (C, D). 227 

 Q, 228 
Cochran’s Q statistic for estimating heterogeneity, I2, heterogeneity index (%) based on Cochran’s Q; MTE, Marginal total effect - proxy for the total effect of adult SES on CHD; NIE, Natural indirect effect – proxy for the mediating effect 229 
of short sleep duration to the association between adult SES, short sleep duration, and CHD 230 
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Supplementary Figure 2: Survival curves for the longitudinal association between adult 231 

occupational position at baseline (wave 1), and cardiovascular disease occurrence in the 232 

Whitehall II study through waves 1 to 8 233 

 234 

CHD, coronary heart disease; occ., adult occupational position 235 
a Cox proportional hazard regression model for the association between three adult occupational position (predictor-Lowest vs. Highest) and 236 
CVD through waves 1 to 8, adjusted for age, and health behaviors 237 

  238 
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Supplementary Figure 3: Survival curves for the longitudinal association between sleep 239 

duration at baseline (wave 1), and cardiovascular disease occurrence in the Whitehall II study 240 

through waves 1 to 8 241 

 242 

CHD, coronary heart disease 243 
a Cox regression model for the association between three cat. sleep duration (wave 1- categorical predictor-Short: <6h/night; Normal: ≥6h-244 
8.5/night; Long: ≥8.5h/night ) and CVD through waves 1 to 8, adjusted for age, and health behaviors 245 

  246 
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Annex 1: Formulas for the mediation models (M1, M2) and the calculation of Natural Direct 247 

Effect (NDE), Natural Indirect Effect (NIE), Marginal Total Effect (MTE), Proportion 248 

Mediated (PM)  249 

 250 
M1: CVD (main outcome) =  θ1ses + θ2m + θ3ses*m + θ4cov 251 

M2: Sleep duration (mediator) =  β1ses + β4cov 252 

ܧܦܰ 253  = expሺ𝜃ଵ𝑠𝑒𝑠 ∗ 𝑎ሻ ∗ ሺ1 + ሺexpሺ𝜃ଶ𝑚 + 𝜃ଷ𝑠𝑒𝑠∗𝑚 ∗ 𝑎∗ + 𝛽଴ + 𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻሻexpሺ𝜃ଵ𝑠𝑒𝑠 ∗ 𝑎∗ሻ ∗ ሺ1 + ሺexpሺ𝜃ଶ𝑚 + 𝜃ଷ𝑠𝑒𝑠∗𝑚 ∗ 𝑎∗ + 𝛽଴ + 𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻሻ 254 

ܰ𝐼ܧ = ሺ1 + expሺ𝛽଴ + 𝛽ଵ𝑠𝑒𝑠 ∗ 𝑎∗ + 𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻ ∗ ሺ1 + expሺ𝜃ଶ𝑚 + 𝜃ଷ𝑠𝑒𝑠∗𝑚 ∗ 𝑎 + 𝛽଴ + 𝛽ଵ ∗ 𝑎+𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻሺ1 + expሺ𝛽଴ + 𝛽ଵ𝑠𝑒𝑠 ∗ 𝑎 + 𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻ ∗ ሺ1 + expሺ𝜃ଶ𝑚 + 𝜃ଷ𝑠𝑒𝑠∗𝑚 ∗ 𝑎 + 𝛽଴ + 𝛽ଵ ∗ 𝑎∗+𝛽ସ𝑐𝑜𝑣 ∗ 𝑐ሻሻ 255 

ܧ𝑇ܯ = exp⁡ሺlogሺܰܧܦሻ + logሺܰ𝐼ܧሻሻ 256 𝑃ܯ = ሺܰܧܦ ∗ ሺܰ𝐼ܧ − 1ሻሻ/ሺܰܧܦ ∗ ܰ𝐼ܧ − 1ሻ 257 

COV, Covariables (age, cohort, study period, health behaviors, flexible working hours; SES: (Adult/Father’s occupational position); M: 258 
mediator – sleep duration, SES*M: Interaction term SES * Mediator (Sleep duration); CVD, cardiovascular disorders;  259 
NDE, Natural Direct Effect; NIE, Natural Indirect Effect; MTE, Marginal Total Effect, PM, Proportion Mediated 260 
M1. Logistic regression model for the association between SES (main predictor) and CVD (binary outcome) (coefficient θ1

ses), including 261 
sleep duration (θ2

m-effect of sleep duration on CVD) , an interaction term between SES and sleep duration (θ3
ses*m), and major confounders 262 

(θ4
c - age, cohort, study period, health behaviors, and flexible working hours) 263 

M2. Multinomial regression model for the association between SES (main predictor) and sleep duration (categorical outcome) (β1
ses) 264 

  265 
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Annex 2: Assessment of sedentary behavior, type 2 diabetes, and obesity 266 

Physical activity and sedentary behavior 267 

Sedentary behavior was based on self-reported physical activity where participants reported 268 

the time they spent participating in a physical activity in and out of work (EPIPORTO), by 269 

rating their level of physical activity on a scale (SKIPOGH), by indicating the frequency of 270 

physical activity (SKIPOGH, CONSTANCES, GAZEL, E3N), or by using detailed 271 

questionnaires inquiring about the time, the frequency, the amount, and the type of physical 272 

activity (Whitehall II, COLAUS). These indicators were subsequently harmonized into a 273 

dichotomous “sedentary behavior” variable. 274 

 275 

Type 2 diabetes and obesity 276 

Type 2 diabetes status was available in seven cohorts (Constances, GAZEL, Whitehall II, 277 

SKIPOGH, ELSA, COLAUS, EPIPORTO), and defined based on self-report, a previous 278 

diagnosis of this disease by a physician, use of anti-diabetic medication, or having fasting blood 279 

glucose ≥ 7mmol/L or glycated hemoglobin (Hba1c) ≥ 6.5% at clinical visit. Obesity status was 280 

available in all eight cohorts, and was defined as having a body mass index (BMI) ≥ 30kg/m2 281 

at clinical visit, by dividing objectively measured weight (kilograms) by squared height 282 

(meters). 283 

 284 


