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Introduction

Shift work that involves night time, is common, accounting for approximately 20% of the work force. [START_REF] Kolstad | Nightshift work and risk of breast cancer and other cancers--a critical review of the epidemiologic evidence[END_REF] Although definitions vary slightly across sources, shift work can be defined as employment in any work schedule that is not a regular daytime schedule. [START_REF] Vyas | Shift work and vascular events: systematic review and meta-analysis[END_REF] The full spectrum of shift work comprises regular evening or night schedules, rotating shifts, split shifts, on-call or casual shifts, irregular schedules, and other non-day schedules. [START_REF] Vyas | Shift work and vascular events: systematic review and meta-analysis[END_REF] Unfortunately, shift work is linked to several health problems [START_REF] Lin | Night-shift work increases morbidity of breast cancer and all-cause mortality: a meta-analysis of 16 prospective cohort studies[END_REF][START_REF] Ijaz | Night-shift work and breast cancer--a systematic review and meta-analysis[END_REF][START_REF] Rao | Does night-shift work increase the risk of prostate cancer? a systematic review and meta-analysis[END_REF], including deleterious effects on the cardiovascular and metabolic systems. [START_REF] Hermansson | Ischemic stroke and shift work[END_REF][START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Karlsson | Metabolic disturbances in male workers with rotating three-shift work. Results of the WOLF study[END_REF][START_REF] Karlsson | Is there an association between shift work and having a metabolic syndrome? Results from a population based study of 27,485 people[END_REF][START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Fujino | Japanese Collaborative Cohort Study Group, A prospective cohort study of shift work and risk of ischemic heart disease in Japanese male workers[END_REF][START_REF] Knutsson | Increased risk of ischaemic heart disease in shift workers[END_REF][START_REF] Knutsson | Shiftwork and myocardial infarction: a case-control study[END_REF] For instance, shift workers appear to be at increased risk for coronary heart disease, [START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Fujino | Japanese Collaborative Cohort Study Group, A prospective cohort study of shift work and risk of ischemic heart disease in Japanese male workers[END_REF][START_REF] Knutsson | Increased risk of ischaemic heart disease in shift workers[END_REF][START_REF] Knutsson | Shiftwork and myocardial infarction: a case-control study[END_REF] stroke, [START_REF] Hermansson | Ischemic stroke and shift work[END_REF] insulin resistance, [START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Karlsson | Metabolic disturbances in male workers with rotating three-shift work. Results of the WOLF study[END_REF] and metabolic syndrome. [START_REF] Karlsson | Is there an association between shift work and having a metabolic syndrome? Results from a population based study of 27,485 people[END_REF][START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF] Lipid profiles are directly linked to the risk of cardiovascular diseases. [START_REF] Nagasawa | Evidence for Cardiovascular Prevention from Observational Cohorts in Japan (EPOCH-JAPAN) Research Group, Relation between serum total cholesterol level and cardiovascular disease stratified by sex and age group: a pooled analysis of 65 594 individuals from 10 cohort studies in Japan[END_REF][START_REF] Maher | Effects of lowering elevated LDL cholesterol on the cardiovascular risk of lipoprotein(a)[END_REF] Specifically, in shift workers, both reduced high-density lipoprotein (HDL)cholesterol and elevated blood LDL and triglycerides may represent an increased risk of cardiovascular diseases. [START_REF] Karlsson | Is there an association between shift work and having a metabolic syndrome? Results from a population based study of 27,485 people[END_REF] Indeed, it is reasonable to expect that shift work may influence lipid metabolism, particularly deleterious for the health of workers. [START_REF] Dochi | Shift work is a risk factor for increased total cholesterol level: a 14-year prospective cohort study in 6886 male workers[END_REF] Some cross-sectional and longitudinal studies have concluded that shift work may increase dyslipidemia. [START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Ha | Shiftwork and metabolic risk factors of cardiovascular disease[END_REF][START_REF] Theorell | Day and night work: changes in cholesterol, uric acid, glucose and potassium in serum and in circadian patterns of urinary catecholamine excretion. A longitudinal cross-over study of railway workers[END_REF] However, results are conflicting, with some studies not supporting a link between shiftwork and dyslipidemia. [START_REF] Bursey | A cardiovascular study of shift workers with respect to coronary artery disease risk factor prevalence[END_REF][START_REF] Knutsson | Prevalence of risk factors for coronary artery disease among day and shift workers[END_REF][START_REF] Morikawa | Effect of shift work on body mass index and metabolic parameters[END_REF][START_REF] Romon | Increased triglyceride levels in shift workers[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF] Moreover, most of the previous studies did not take into account the confounding factors such key demographic, lifestyle, workplace and shift work characteristics.

Therefore, the primary objective of this study was to conduct a systematic review and metaanalysis to determine the impact of shift work on dyslipidemia. Secondary objectives were to determine if one type of shift work would be particularly deleterious on dyslipidemia, and to examine relations between dyslipidemia and demographic, lifestyle and work characteristics.

Materials and methods

Literature search

A systematic search of all observational epidemiological studies about shift work and lipid metabolism was conducted. The following databases were searched on 15 February, 2020: PubMed, Embase, Cochrane Library, and ScienceDirect. The following relevant mesh terms/keywords were used: "night work" OR "nightwork" OR "shift work" OR "shiftwork" AND "lipids" OR "metabolism" OR "blood" OR "LDL" OR "HDL" OR "cholesterol" OR "triglycerides" (details of search strategy is presented in Supplementary Data 1). The search was not limited to specific years and no language restrictions applied. The studies included in the meta-analysis had to describe blood lipids levels or a risk measure i.e. odds ratio (OR), hazard ratio (HR) or relative risk (RR) in shift workers compared with fixed-day workers (controls). Studies could be cross-sectional, cohort studies or case-study designs. Reference lists of all publications meeting the inclusion criteria, as well as from putative reviews, were manually searched to identify any further studies missed through electronic searching. The search strategy is described in Figure 1. Three authors (Mélanie De Cesare, Alexia Vidal and Valentin Navel) conducted separately all literature searches and collated the abstracts. Four authors (Mélanie De Cesare, Alexia Vidal, Valentin Navel and Frédéric Dutheil) separately reviewed the abstracts and based on the selection criteria decided the suitability of the articles for inclusion. A fourth author (Geraldine Naughton) was asked to review the article where consensus on suitability was not met. Then, all authors reviewed the eligible articles. We followed the PRISMA guidelines (Supplementary Data 2) and we registered our search protocol (PROSPERO identification CRD42020168531).

Data collection

The data collected included first author's name, publication year, country, study design, aims and outcomes of included articles, sample size, mean age, sex, occupation / type of work, type of shift work (permanent night shift, rotating shift work, schedules), length of service, body mass index, smoking, alcohol, physical activity, blood lipid levels and risk measurements for total-, HDL-, LDL-cholesterol, and triglycerides.

Outcomes

The primary outcome was the effects of shift work on blood lipid profiles. Secondary outcomes were the risk of dyslipidaemia according to the type of shift work and the association between blood lipid profiles and covariates.

Quality of assessment

Although not designed to quantifyo the integrity of studies, [START_REF] Da Costa | Uses and misuses of the STROBE statement: bibliographic study[END_REF] the "STrengthening the Reporting of OBservational studies in Epidemiology" (STROBE) criteria were used for checking the quality of reporting. [START_REF] Vandenbroucke | STROBE initiative, Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration[END_REF] The 22 items identified in the STROBE criteria were evaluated for a maximal score of 34 for each study. The methodological quality of the studies was further evaluated by three authors (Frédéric Dutheil, Mélanie De Cesare and Valentin Navel) using the Newcastle-Ottawa Quality Assessment Scale (NOS) model. [START_REF] Wells | The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses[END_REF] The following 9 items were assessed in all cohort studies: 4 items on selection bias (representativeness of the exposed and non-exposed cohort, ascertainment of expose), 2 items on comparability bias (design and analysis) and 3 items on outcome bias (assessment of outcome, longer and adequacy of follow-up). Similar items were used to evaluate case control studies. Each item was assigned a judgment of "Yes", "No", "Can't say", or "Not applicable".

Disagreements were addressed by obtaining a consensus with a third author (Bruno Pereira) (Supplementary Data 3 and 4).

Statistical analysis

Statistical analyses were conducted using Comprehensive Meta-analysis software (version 2, Biostat Corporation) and Stata software (version 13, StataCorp, College Station, US). [START_REF] Ollier | Chest CT scan screening for lung cancer in asbestos occupational exposure: a systematic review and metaanalysis[END_REF][START_REF] Lanhers | Creatine Supplementation and Lower Limb Strength Performance: A Systematic Review and Meta-Analyses[END_REF][START_REF] Lanhers | Creatine Supplementation and Upper Limb Strength Performance: A Systematic Review and Meta-Analysis[END_REF][START_REF] Benoist D'azy | Oxidative and Anti-Oxidative Stress Markers in Chronic Glaucoma: A Systematic Review and Meta-Analysis[END_REF][START_REF] Benoist D'azy | Antibioprophylaxis in Prevention of Endophthalmitis in Intravitreal Injection: A Systematic Review and Meta-Analysis[END_REF][START_REF] Courtin | Prevalence of dry eye disease in visual display terminal workers: a systematic review and meta-analysis[END_REF][START_REF] Navel | Efficacy of treatments for Demodex blepharitis: A systematic review and meta-analysis[END_REF] Characteristics of the work and workers are summarized for each study sample and reported as mean ± standard-deviation (SD) and number (%) for continuous and categorical variables respectively. For rigor, effect sizes were defined as standard mean differences (SMD) of blood lipid levels or a measure of risk (i.e. odds ratio, hazard ratio, or relative risk). First, we conducted meta-analyses on blood lipids levels (total cholesterol, triglycerides, HDLcholesterol, LDL-cholesterol). Standard difference in means between groups (SMD, difference between means divided by the pooled standard deviation, with a correction for small sample bias) and 95% confidence interval (95%CI) were estimated using DerSimonian and Laird random-effects models (assuming that the true effect estimates varied among studies). [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF] A SMD is defined as a unitless measure of the effects of shift work on blood lipids levels centered at zero if the blood lipids levels in shift workers are not different from fixed day workers. A positive SMD denoted higher blood lipid levels in shift workers than in fixed day workers. A scale for SMD has been suggested with 0.8 reflecting a large effect, 0.5 a moderate effect, and 0.2 a small effect. [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF] p values less than 0.05 were considered statistically significant. Then, we conducted meta-analyses on risks (i.e. odds ratio, hazard ratio, or relative risk) for dyslipidemia in shift workers compared with fixed-day workers. We stratified these meta-analyses on the type of shift work. Statistical heterogeneity between results was assessed by examining forest plots, confidence intervals, and using I², which is the most common metric for measuring the magnitude of between-study heterogeneity and is easily interpretable. I² values range between 0% and 100% and are typically considered low for heterogeneity scores of <25%, modest for 25-50%, and high for >50%. For example, a significant heterogeneity may be due to the variability between the characteristics of the studies, such as those of the workers (age, sex, etc), the type of shift work or the occupation.

Publication bias was taken into consideration and funnel plots were compiled, with sensitivity analysis excluding studies not evenly distributed around the base of the funnel. We also computed sensitivity analyses depending on the type of risks. When possible (sufficient sample size), meta-regressions were proposed to study the relation between blood lipids levels and characteristics of workers (e.g. age, sex, smoking, alcohol, physical activity) and other working characteristics (e.g. duration of exposure to shift work, type of occupation). Results were expressed as regression coefficients and 95% CI.

Results

An initial search produced 5689 possible articles (Figure 1). We identified 66 eligible articles [START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Karlsson | Metabolic disturbances in male workers with rotating three-shift work. Results of the WOLF study[END_REF][START_REF] Karlsson | Is there an association between shift work and having a metabolic syndrome? Results from a population based study of 27,485 people[END_REF][START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Dochi | Shift work is a risk factor for increased total cholesterol level: a 14-year prospective cohort study in 6886 male workers[END_REF] prospective or retrospective cohort studies [START_REF] Dochi | Shift work is a risk factor for increased total cholesterol level: a 14-year prospective cohort study in 6886 male workers[END_REF][START_REF] Morikawa | Effect of shift work on body mass index and metabolic parameters[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF][START_REF] Akbari | Evaluation of the Effect of Shift Work on Serum Cholesterol and Triglyceride Levels[END_REF][START_REF] Biggi | Metabolic Syndrome in Permanent Night Workers[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Copertaro | Lavoro a turni e rischio cardiometabolico[END_REF][START_REF] Bacquer | Rotating shift work and the metabolic syndrome: a prospective study[END_REF][START_REF] Ellingsen | Study of shift work and risk of coronary events[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF][START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Lin | Utilizing the metabolic syndrome component count in workers' health surveillance: An example of day-time vs. day-night rotating shift workers[END_REF][START_REF] Lin | Persistent Rotating Shift-Work Exposure Accelerates Development of Metabolic Syndrome among Middle-Aged Female Employees: A Five-Year Follow-Up[END_REF][START_REF] Suwazono | ShiftWork and Impaired Glucose Metabolism: A 14-Year Cohort Study on 7104 Male Workers[END_REF][START_REF] Uetani | The Influence of Being Overweight on the Relationship Between Shift Work and Increased Total Cholesterol Level[END_REF][START_REF] Van Amelsvoort | Impact of One Year of Shift Work on Cardiovascular Disease Risk Factors[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF][START_REF] Hulsegge | Proper, Shift work, chronotype and the risk of cardiometabolic risk factors[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Kim | Night shift work and inflammatory markers in male workers aged 20-39 in a display manufacturing company[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Skogstad | Shift Work Including Night Work and Long Working Hours in Industrial Plants Increases the Risk of Atherosclerosis[END_REF][START_REF] Itani | Short sleep duration, shift work, and actual days taken off work are predictive life-style risk factors for new-onset metabolic syndrome: a seven-year cohort study of 40,000 male workers[END_REF] and 1 case-control study. [START_REF] Caciari | Evaluation of some cardiovascular risk parameters in health professionals exposed to night work[END_REF] Overall, these studies included a total of 80,254 shift workers and 116,809 day workers (Table 1). All articles were written in English, except two in French, [START_REF] Chatti | Facteurs de risque cardiovasculaire chez les travailleurs postés d'une centrale de production d'électricité au centre tunisien[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF] one in Spanish [START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF] and one in Italian. [START_REF] Copertaro | Lavoro a turni e rischio cardiometabolico[END_REF] More details on quality of articles (Supplementary Data 3 and 4), population of workers (sample size, gender, age, body mass index, smoking and alcohol status, physical activity), occupational characteristics (type of work, type of shift work and length of service), bloods lipids (levels and risk of dyslipidemia), study designs, geographic zones, follow-up, aims and outcomes of included articles are described in Table 1 and Supplementary Data 5.

Results

Meta-analysis of total cholesterol for each type of shift works

We unspecified shift workers (0.23; 0.01 to 0.46; p = 0.049). We did not retrieve any significant results on the others socio-demographical parameters and between type of shift works (Figure 3 and4).

Meta-analysis of triglycerides for each type of shift works

We included 48 studies. [START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Knutsson | Prevalence of risk factors for coronary artery disease among day and shift workers[END_REF][START_REF] Morikawa | Effect of shift work on body mass index and metabolic parameters[END_REF][START_REF] Romon | Increased triglyceride levels in shift workers[END_REF][START_REF] Akbari | Evaluation of the Effect of Shift Work on Serum Cholesterol and Triglyceride Levels[END_REF][START_REF] Alefishat | Is Shift Work Associated with Lipid Disturbances and Increased Insulin Resistance?[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Biggi | Metabolic Syndrome in Permanent Night Workers[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Caciari | Evaluation of some cardiovascular risk parameters in health professionals exposed to night work[END_REF][START_REF] Chatti | Facteurs de risque cardiovasculaire chez les travailleurs postés d'une centrale de production d'électricité au centre tunisien[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Ellingsen | Study of shift work and risk of coronary events[END_REF][START_REF] Esquirol | Shiftwork and Higher Pancreatic Secretion: Early Detection of an Intermediate State of Insulin Resistance?[END_REF][START_REF] Esquirol | Shift Work and Metabolic Syndrome: Respective Impacts of Job Strain, Physical Activity, and Dietary Rhythms[END_REF][START_REF] Guo | Shift Work and the Relationship with Metabolic Syndrome in Chinese Aged 21 Workers[END_REF][START_REF] Hamta | Simultaneous effect of shift work on blood pressure and lipid profile: a path analysis[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF][START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Kawada | A cross-sectional study on the shift work and metabolic syndrome in Japanese male workers[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF][START_REF] Lin | Utilizing the metabolic syndrome component count in workers' health surveillance: An example of day-time vs. day-night rotating shift workers[END_REF][START_REF] Lin | Persistent Rotating Shift-Work Exposure Accelerates Development of Metabolic Syndrome among Middle-Aged Female Employees: A Five-Year Follow-Up[END_REF][START_REF] Mohebbi | The relationship between working schedule patterns and the markers of the metabolic syndrome: Comparison of shift workers with day workers[END_REF][START_REF] Murata | Impact of shift work on cardiovascular functions in a 10-year follow-up study[END_REF][START_REF] Nakamura | Shift work and risk factors for coronary heart disease in Japanese blue-collar workers: serum lipids and anthropometric characteristics[END_REF][START_REF] Puttonen | Shift work in young adults and carotid artery intima-media thickness: The Cardiovascular Risk in Young Finns study[END_REF][START_REF] Ye | The Association between Shift Work and the Metabolic Syndrome in Female Workers[END_REF][START_REF] Amano | Interleukin-6 Level among Shift and Night Workers in Japan: Cross-Sectional Analysis of the J-HOPE Study[END_REF][START_REF] Aslam | High prevalence of obesity among nursing personnel working in tertiary care hospital[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF][START_REF] Farha | Shift Work and the Risk of Cardiovascular Diseases and Metabolic Syndrome Among Jordanian Employees[END_REF][START_REF] Hulsegge | Proper, Shift work, chronotype and the risk of cardiometabolic risk factors[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Jung | Differential Impact of Sleep Duration on Fasting Plasma Glucose Level According to Work Timing[END_REF][START_REF] Kang | Coronary artery atherosclerosis associated with shift work in chemical plant workers by using coronary CT angiography[END_REF][START_REF] Kim | Night shift work and inflammatory markers in male workers aged 20-39 in a display manufacturing company[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Lu | Shift work is associated with metabolic syndrome in male steel workers-the role of resistin and WBC count-related metabolic derangements[END_REF][START_REF] Mashhadi | Study of association between beverage consumption pattern and lipid profile in shift workers[END_REF][START_REF] Cerqueira Teixeira | The erythrocyte membrane stability is associated with sleep time and social jetlag in shift workers[END_REF][START_REF] Ritonja | Investigating Cortisol Production and Pattern as Mediators in the Relationship Between Shift Work and Cardiometabolic Risk[END_REF][START_REF] Ritonja | The relationship between night work, chronotype, and cardiometabolic risk factors in female hospital employees[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF] Shift work globally increased the levels of triglycerides (overall SMD 0.09; 95CI 0.05 to 0.13; p < 0.001) with an important heterogeneity (I 2 = 80.3%) (Figure 2 and Supplementary Data 7). Among the 48 included studies, seven reported permanent night shift, [START_REF] Biggi | Metabolic Syndrome in Permanent Night Workers[END_REF][START_REF] Caciari | Evaluation of some cardiovascular risk parameters in health professionals exposed to night work[END_REF][START_REF] Mohebbi | The relationship between working schedule patterns and the markers of the metabolic syndrome: Comparison of shift workers with day workers[END_REF][START_REF] Amano | Interleukin-6 Level among Shift and Night Workers in Japan: Cross-Sectional Analysis of the J-HOPE Study[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Farha | Shift Work and the Risk of Cardiovascular Diseases and Metabolic Syndrome Among Jordanian Employees[END_REF][START_REF] Cerqueira Teixeira | The erythrocyte membrane stability is associated with sleep time and social jetlag in shift workers[END_REF] Meta-regressions demonstrated that permanent night shift workers had a higher blood levels of triglycerides than rotating day shift workers (Coefficient = 0.21; 95CI 0.03 to 0.38; p = 0.023). We did not retrieve any significant results on the other socio-demographical parameters and between types of shift works (Figure 3 and4). studies, [START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF][START_REF] Khosravipour | The effects of rotating and extended night shift work on the prevalence of metabolic syndrome and its components[END_REF] rotating day shift in 2 studies, [START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF] and unspecified in 11 studies (Figure 2 and Supplementary Data 8). [START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Guo | Shift Work and the Relationship with Metabolic Syndrome in Chinese Aged 21 Workers[END_REF][START_REF] Puttonen | Shift work in young adults and carotid artery intima-media thickness: The Cardiovascular Risk in Young Finns study[END_REF][START_REF] Amano | Interleukin-6 Level among Shift and Night Workers in Japan: Cross-Sectional Analysis of the J-HOPE Study[END_REF][START_REF] Aslam | High prevalence of obesity among nursing personnel working in tertiary care hospital[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Mashhadi | Study of association between beverage consumption pattern and lipid profile in shift workers[END_REF][START_REF] Ritonja | The relationship between night work, chronotype, and cardiometabolic risk factors in female hospital employees[END_REF] Metaanalysis, globally and stratified by type of shift works, as well as meta-regressions, did not retrieve any significant results (Figure 3 and4).

Meta-analysis of LDL cholesterol for each type of shift works

Meta-analysis of HDL cholesterol for each type of shift works

We included 46 studies. [START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Romon | Increased triglyceride levels in shift workers[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF][START_REF] Alefishat | Is Shift Work Associated with Lipid Disturbances and Increased Insulin Resistance?[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Caciari | Evaluation of some cardiovascular risk parameters in health professionals exposed to night work[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Bacquer | Rotating shift work and the metabolic syndrome: a prospective study[END_REF][START_REF] Esquirol | Shiftwork and Higher Pancreatic Secretion: Early Detection of an Intermediate State of Insulin Resistance?[END_REF][START_REF] Esquirol | Shift Work and Metabolic Syndrome: Respective Impacts of Job Strain, Physical Activity, and Dietary Rhythms[END_REF][START_REF] Guo | Shift Work and the Relationship with Metabolic Syndrome in Chinese Aged 21 Workers[END_REF][START_REF] Hamta | Simultaneous effect of shift work on blood pressure and lipid profile: a path analysis[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF][START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Kawada | A cross-sectional study on the shift work and metabolic syndrome in Japanese male workers[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF][START_REF] Lin | Utilizing the metabolic syndrome component count in workers' health surveillance: An example of day-time vs. day-night rotating shift workers[END_REF][START_REF] Lin | Persistent Rotating Shift-Work Exposure Accelerates Development of Metabolic Syndrome among Middle-Aged Female Employees: A Five-Year Follow-Up[END_REF][START_REF] Mohebbi | The relationship between working schedule patterns and the markers of the metabolic syndrome: Comparison of shift workers with day workers[END_REF][START_REF] Murata | Impact of shift work on cardiovascular functions in a 10-year follow-up study[END_REF][START_REF] Puttonen | Shift work in young adults and carotid artery intima-media thickness: The Cardiovascular Risk in Young Finns study[END_REF][START_REF] Van Amelsvoort | Impact of One Year of Shift Work on Cardiovascular Disease Risk Factors[END_REF][START_REF] Ye | The Association between Shift Work and the Metabolic Syndrome in Female Workers[END_REF][START_REF] Amano | Interleukin-6 Level among Shift and Night Workers in Japan: Cross-Sectional Analysis of the J-HOPE Study[END_REF][START_REF] Aslam | High prevalence of obesity among nursing personnel working in tertiary care hospital[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF][START_REF] Farha | Shift Work and the Risk of Cardiovascular Diseases and Metabolic Syndrome Among Jordanian Employees[END_REF][START_REF] Hulsegge | Proper, Shift work, chronotype and the risk of cardiometabolic risk factors[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Jung | Differential Impact of Sleep Duration on Fasting Plasma Glucose Level According to Work Timing[END_REF][START_REF] Kang | Coronary artery atherosclerosis associated with shift work in chemical plant workers by using coronary CT angiography[END_REF][START_REF] Kim | Night shift work and inflammatory markers in male workers aged 20-39 in a display manufacturing company[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Lu | Shift work is associated with metabolic syndrome in male steel workers-the role of resistin and WBC count-related metabolic derangements[END_REF][START_REF] Mashhadi | Study of association between beverage consumption pattern and lipid profile in shift workers[END_REF][START_REF] Cerqueira Teixeira | The erythrocyte membrane stability is associated with sleep time and social jetlag in shift workers[END_REF][START_REF] Ritonja | Investigating Cortisol Production and Pattern as Mediators in the Relationship Between Shift Work and Cardiometabolic Risk[END_REF][START_REF] Ritonja | The relationship between night work, chronotype, and cardiometabolic risk factors in female hospital employees[END_REF][START_REF] Skogstad | Shift Work Including Night Work and Long Working Hours in Industrial Plants Increases the Risk of Atherosclerosis[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF][START_REF] Khosravipour | The effects of rotating and extended night shift work on the prevalence of metabolic syndrome and its components[END_REF] The overall SMD was -0.08 (95CI -0.12 to -0.03; p = 0.001) with an important heterogeneity (I 2 = 85.9%) (Figure 2 and Supplementary Data 9). Among the [START_REF] Ellingsen | Study of shift work and risk of coronary events[END_REF] shift workers (-0.24; 95CI -0.47 to -0.02; p = 0.034) had lower blood levels of c-HDL than rotating day shift workers. We also showed that rotating day shift workers had higher blood levels of c-HDL than non-specified shift workers (0.24; 95CI 0.03 to 0.47; p = 0.028). We showed a negative role of regular physical activity on blood levels of c-HDL in condition of shift work (-0.01; 95CI -0.01 to 0.00; p = 0.007). We did not retrieve any significant results on the other socio-demographical parameters (Figure 3 and4).

Meta-analyses of odds ratio for each type of lipid related risk

We included 3 studies reporting Odds Ratio (OR) for high total cholesterol (Supplementary Data 10), [START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Weigl | Associations of understaffing and cardiovascular health of hospital care providers: A multi-source study[END_REF] 

Discussion

This current meta-analysis presents a broad comprehensive review of the associations between shift work and dyslipidaemia in 197,063 workers. The main finding was that shift work induced dyslipidaemia with elevated triglycerides, elevated total, and decreased HDLcholesterol. More specifically, permanent night shifts were the most deleterious type of shift work on dyslipidemia; with elevated triglycerides, elevated total cholesterol, and decreased HDL-cholesterol. Results from meta-regressions confirmed the more negative impact of permanent night shifts than other types of shift work.

Shift work and dyslipidemia

Some potential biological mechanisms may explain the link between shift work and dyslipidemia. First, long-term exposure to shift work might disturb the normal circadian rhythm and generate an imbalance in lipid metabolism. [START_REF] Garaulet | Chronobiology, genetics and metabolic syndrome[END_REF] Melatonin is an important mediator of circadian rhythms. Production of melatonin is supported by darkness but inhibited by light at night, so night work can inhibit the secretion of melatonin. Animal studies showed that decreased secretion of melatonin was associated with dyslipidemia, such as an elevated blood level of triglyceride. [START_REF] Corbalán-Tutau | Daily profile in two circadian markers "melatonin and cortisol" and associations with metabolic syndrome components[END_REF] Alternatively, workers may consume meals at unusual times; the desynchronization of food intake and internal metabolic rhythm may also affect the energy balance and weight regulation. [START_REF] Ekmekcioglu | Chronobiological aspects of food intake and metabolism and their relevance on energy balance and weight regulation[END_REF] It has been shown that nocturnal food intake (in particular those rich in carbohydrate) might aggravate metabolic disturbances of triglyceride and lipid levels. [START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Salgado-Delgado | Food intake during the normal activity phase prevents obesity and circadian desynchrony in a rat model of night work[END_REF] Another potential mechanism may lie in the capacity of shift work to decrease sleep duration and quality, which may have an adverse impact on psychological and physical heath. [START_REF] Barton | Is there an optimum number of night shifts? Relationship between sleep, health and well-being[END_REF] Short sleep duration is associated with an increased risk of obesity, [START_REF] Cappuccio | Meta-analysis of short sleep duration and obesity in children and adults[END_REF] type 2 diabetes, [START_REF] Cappuccio | Quantity and quality of sleep and incidence of type 2 diabetes: a systematic review and meta-analysis[END_REF] cardiovascular outcomes [START_REF] Cappuccio | Sleep duration predicts cardiovascular outcomes: a systematic review and meta-analysis of prospective studies[END_REF] and all-cause mortality, [START_REF] Cappuccio | Sleep duration and all-cause mortality: a systematic review and meta-analysis of prospective studies[END_REF] with a dose response relationship between short sleep duration (less than six hours) and mortality. [START_REF] Itani | Short sleep duration and health outcomes: a systematic review, meta-analysis, and meta-regression[END_REF] Restricting sleep duration over just one week resulted in significant reduction in insulin sensitivity in middle aged and older men. [START_REF] Buxton | Sleep Restriction for 1 Week Reduces Insulin Sensitivity in Healthy Men[END_REF] Prolonged exposure to disturbed sleep may therefore have profound consequences on the metabolic health of shift workers. Interestingly, we showed that shift work is mainly deleterious on triglycerides and c-HDL, but not c-LDL. The literature already reported that night shifts may have a slight protective effect on c-LDL. [START_REF] Qiao | Both frequency and duration of rotating night shifts are associated with metabolic parameters: a cross-sectional study[END_REF] Even if it has been hypothesized a possible selection bias of healthy workers who might undergo night shift, [START_REF] Qiao | Both frequency and duration of rotating night shifts are associated with metabolic parameters: a cross-sectional study[END_REF] we want to acknowledge the important gap in the literature surrounding the physiology of the absence of influence of shift work on c-LDL.

The deleterious effect of permanent night shift

We demonstrated that permanent night shifts might be the worst schedule for workers in terms of dyslipidemia. The shift work is commonly regarded as the work outside regular day time, with working time during normally sleeping periods. [START_REF] Kervezee | Metabolic and cardiovascular consequences of shift work: The role of circadian disruption and sleep disturbances[END_REF] Putative explanations might be that, most often, permanent night shift workers keep a desynchronized circadian rhythm, with awakening during normal sleeping periods. [START_REF] Eastman | Light Treatment for Sleep Disorders: Consensus Report: VI. Shift Work[END_REF] This desynchronized circadian rhythm might affect sleep quality involving chronical disrupted sleep. [START_REF] Monk | Shiftworkers report worse sleep than day workers, even in retirement[END_REF][START_REF] Murali | Cardiovascular physiology and sleep[END_REF] Indeed, day sleeps have typically been found to be considerably shorter than normal night sleeps, because of multiple reasons including increased environmental noise, light levels, and conflicting social, domestic and family demands. [START_REF] Folkard | Does the 'forbidden zone' for sleep onset influence morning shift sleep duration?[END_REF] The circadian system is impacted by sleep disturbance, and contribute to the regulation of metabolism and energy expenditure. [START_REF] Kervezee | Metabolic and cardiovascular consequences of shift work: The role of circadian disruption and sleep disturbances[END_REF] Desynchronization between the central (brain) and peripheral (outside of brain, such as digestive system and adipose tissue) clocks by altered food intake and diet composition can lead to the development of metabolic syndrome and obesity. [START_REF] Crispim | Hormonal appetite control is altered by shift work: a preliminary study[END_REF][START_REF] Schiavo-Cardozo | Appetite-regulating hormones from the upper gut: disrupted control of xenin and ghrelin in night workers[END_REF] Many studies describe peripheral appetite regulation with circadian secretion of ghrelin, an orexigenic hormone secreted by stomachal tissue, and leptin, an anorexigenic hormone secreted by adipose tissue. [START_REF] Becerril | Functional Relationship between Leptin and Nitric Oxide in Metabolism[END_REF][START_REF] Tremblay | Long-term effects of high-intensity resistance and endurance exercise on plasma leptin and ghrelin in overweight individuals: the RESOLVE Study[END_REF] Permanent night shift workers present a disrupted control of ghrelin and leptin, associated with behavioral changes in diet, sleep and increased adiposity and related metabolic alterations. [START_REF] Crispim | Hormonal appetite control is altered by shift work: a preliminary study[END_REF][START_REF] Schiavo-Cardozo | Appetite-regulating hormones from the upper gut: disrupted control of xenin and ghrelin in night workers[END_REF] It has been showed that ghrelin secretion was related to pituitary gland and pulsatile neuroendocrine secretion from the hypothalamus to modify sleep-wake pattern by increasing wakefulness and to decrease the duration of deep sleeping periods. [START_REF] Morin | The effects of ghrelin on sleep, appetite, and memory, and its possible role in depression: A review of the literature[END_REF][START_REF] Tolle | Ultradian Rhythmicity of Ghrelin Secretion in Relation with GH, Feeding Behavior, and Sleep-Wake Patterns in Rats[END_REF] Thus, all these changes in the circadian clock are associated with temporal alteration in feeding behavior and increased weight gain, explaining the high proportion of obesity in night shift workers. [START_REF] Engin | Circadian Rhythms in Diet-Induced Obesity[END_REF] It seems also salient to note that night shift work is positively associated with abnormal eating patterns and BMI. [START_REF] Samhat | Relationship between night shift work, eating habits and BMI among nurses in Lebanon[END_REF][START_REF] Hulsegge | Proper, Shift work and its relation with meal and snack patterns among healthcare workers[END_REF] Then, dyslipidemia could be an epiphenomenon of snacking. Moreover, animal studies suggest that circadian disruption alters hepatic clock gene expression, bile acid metabolism and lipid homeostasis to contribute to dyslipidemia. [START_REF] Ferrell | Short-term circadian disruption impairs bile acid and lipid homeostasis in mice[END_REF] 

Socio-demographic characteristics of workers

Despite we found no link between dyslipidemia and occupational settings, age, sex, marital status, smoking or drinking, physical activity, or obesity, the literature is abundant. We stratified our results by types of shift work to identify at-risk shifting for dyslipidemia without focusing on type of occupation, because of heterogeneity between included studies. However, occupational setting, particularly the manual work, is known to be a socioeconomic factor increasing dyslipidemia, hypertension, obesity and diabetes. [START_REF] Petarli | Multimorbidity and complex multimorbidity in Brazilian rural workers[END_REF][START_REF] Welch | Impact of Secondary Prevention in an Occupational High-Risk Group[END_REF][START_REF] Inoue | Influence of Differences in Their Jobs on Cardiovascular Risk Factors in Male Blue-collar Shift Workers in Their Fifties[END_REF] In our study, the proportion of women and elderly workers exposed to shift work remained low, with most studies including only men between 30 and 45 years, precluding further analyses.

Nevertheless, older individuals and men are at-risk populations for dyslipidemia, particularly in post-industrialised countries. [START_REF] Gerdts | Sex differences in cardiometabolic disorders[END_REF][START_REF] Cifkova | Is the impact of conventional risk factors the same in men and women? Plea for a more gender-specific approach[END_REF] Despite an important social determinant of health, [START_REF] Manfredini | Marital Status, Cardiovascular Diseases, and Cardiovascular Risk Factors: A Review of the Evidence[END_REF] marital status, seems to not influence the risk of dyslipidemia with contradictory and inconclusive results. [START_REF] Fukuda | Associations of Household Expenditure and Marital Status With Cardiovascular Risk Factors in Japanese Adults: Analysis of Nationally Representative Surveys[END_REF][START_REF] Buckland | Sociodemographic risk factors associated with metabolic syndrome in a Mediterranean population[END_REF] In our meta-analysis, smoking and alcohol intake were not linked to dyslipidaemia. However, smoking promotes dyslipidaemia by worsening the control of lipid metabolism. [START_REF] Saito | Effect of smoking on diabetes mellitus and dyslipidemia (effect of smoking on glucose and lipid metabolism)[END_REF][START_REF] Shi | Classified status of smoking and quitting has different associations with dyslipidemia in residents in northeast China[END_REF] Similarly, the link between misuse of alcohol and dyslipidemia is well established, with yet contradictory results for regular low doses. [START_REF] Shen | Association between alcohol intake, overweight, and serum lipid levels and the risk analysis associated with the development of dyslipidemia[END_REF][START_REF] Song | Socioeconomic and geographic variations in the prevalence, awareness, treatment and control of dyslipidemia in middle-aged and older Chinese[END_REF][START_REF] Chan | Dyslipidemia in Visceral Obesity: Mechanisms, Implications, and Therapy[END_REF] Contrary to our results, physical activity might be protective on HDL levels. During the past decades, there was cumulative evidence concerning the impact of regular physical activity on plasma lipoprotein metabolism and, finally, reducing the incidence of cardiovascular diseases. [START_REF] Riccardi | How Well Can We Control Dyslipidemias Through Lifestyle Modifications?[END_REF] 

Limitations

Several limitations in our review should be mentioned. Our meta-analysis inherited the limitations of the 66 individual studies of which it was composed and therefore is subjected to the bias of included studies. Even if a recent meta-analysis demonstrated associations between short sleep duration and cardiometabolic risk, [START_REF] Itani | Short sleep duration and health outcomes: a systematic review, meta-analysis, and meta-regression[END_REF] this is the first meta-analysis to systematically quantify the strength of associations between shift work and dyslipidemia.

Despite our stratification by type of shift work (permanent night shift, 3*8, 2*12, rotating day shift), there is heterogeneity within each subgroup regarding schedule and rhythm of night shift. Moreover, although the shift work is relatively objective and specific, it was not clearly defined in some published studies, which might have affected the precision of the results.

There is also heterogeneity in reporting blood lipid levels between studies, and different cutoff for dyslipidemia for studies reporting odds ratio or hazard ratio. Moreover, odds ratio and hazard ratio were adjusted on different variables between studies, precluding robust conclusions. Most studies have a cross-sectional design. Therefore, the associations between shift work and dyslipidemia risk might be underestimated by the potential healthy worker survival effect in the cross-sectional studies. [START_REF] Arrighi | The evolving concept of the healthy worker survivor effect[END_REF] Even if methodological quality of the included studies was evaluated by subjective assessments (STROBE and NOS), overall methodological quality was reasonably good without major comparability bias between exposed and non-exposed groups, with a large volume of data available and consistency for the main outcomes of interest. We also want to acknowledge that we were not able to increase the number of studies with c-LDL using the formula of Friedewald (LDL = total cholesterol -(triglycerides/5 + HDL)), [START_REF] Wolska | Measuring LDL-cholesterol: what is the best way to do it?[END_REF] as we did not have access to raw data. Finally, few studies reported duration of exposure to shift work, precluding the analysis of a possible doseresponse relation. Generalizability of our results may also suffer from the limited number of studies from Africa and South America. For the future, it would be interesting to investigate more prospective and interventional studies to explore the underlying mechanisms and putative preventive strategy.

Conclusions

Shift work, and particularly permanent night shift, is associated with dyslipidaemia via elevated triglycerides, elevated total cholesterol, and reduced HDL-cholesterol. Given the increasing prevalence of shift work worldwide and the heavy economic burden of cardiovascular diseases that may be promoted by dyslipidemia in shift workers, our current study provides a practical and valuable strengthening of the evidence-base required for preventive health initiatives and workplace reform. When shift work is unavoidable, permanent night shifts should be removed from schedules and at least replaced by rotating shifts, preferentially in two schedules; one during the day and one at night. Further studies should investigate economic benefits of removing permanent night shifts, both in terms of healthcare and for factories. 
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  included 43 studies.[7,10,16,17,21-24,36,38-43,46,48-50,52,55,60,63-66,68-70,72- 76,78-82,85,86,90,91] The overall SMD was 0.01 (95CI -0.03 to 0.04, p = 0.638) with an important heterogeneity (I 2 = 73.0%) (Figure2and Supplementary Data 6). Among the 43

included studies, 4 studies reported permanent night shift,

[START_REF] Biggi | Metabolic Syndrome in Permanent Night Workers[END_REF][START_REF] Caciari | Evaluation of some cardiovascular risk parameters in health professionals exposed to night work[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Cerqueira Teixeira | The erythrocyte membrane stability is associated with sleep time and social jetlag in shift workers[END_REF] 

23 reported rotating 3*8 shift,

[START_REF] Dochi | Shift work is a risk factor for increased total cholesterol level: a 14-year prospective cohort study in 6886 male workers[END_REF][START_REF] Knutsson | Prevalence of risk factors for coronary artery disease among day and shift workers[END_REF][START_REF] Morikawa | Effect of shift work on body mass index and metabolic parameters[END_REF][START_REF] Romon | Increased triglyceride levels in shift workers[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF][START_REF] Akbari | Evaluation of the Effect of Shift Work on Serum Cholesterol and Triglyceride Levels[END_REF][START_REF] Chatti | Facteurs de risque cardiovasculaire chez les travailleurs postés d'une centrale de production d'électricité au centre tunisien[END_REF][START_REF] Ellingsen | Study of shift work and risk of coronary events[END_REF][START_REF] Esquirol | Shift Work and Metabolic Syndrome: Respective Impacts of Job Strain, Physical Activity, and Dietary Rhythms[END_REF][START_REF] Hamta | Simultaneous effect of shift work on blood pressure and lipid profile: a path analysis[END_REF][START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF][START_REF] Nakamura | Shift work and risk factors for coronary heart disease in Japanese blue-collar workers: serum lipids and anthropometric characteristics[END_REF][START_REF] Suwazono | ShiftWork and Impaired Glucose Metabolism: A 14-Year Cohort Study on 7104 Male Workers[END_REF][START_REF] Uetani | The Influence of Being Overweight on the Relationship Between Shift Work and Increased Total Cholesterol Level[END_REF][START_REF] Van Amelsvoort | Impact of One Year of Shift Work on Cardiovascular Disease Risk Factors[END_REF][START_REF] Ye | The Association between Shift Work and the Metabolic Syndrome in Female Workers[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF][START_REF] Hulsegge | Proper, Shift work, chronotype and the risk of cardiometabolic risk factors[END_REF][START_REF] Kang | Coronary artery atherosclerosis associated with shift work in chemical plant workers by using coronary CT angiography[END_REF][START_REF] Lu | Shift work is associated with metabolic syndrome in male steel workers-the role of resistin and WBC count-related metabolic derangements[END_REF][START_REF] Skogstad | Shift Work Including Night Work and Long Working Hours in Industrial Plants Increases the Risk of Atherosclerosis[END_REF] 

10 reported rotating 2*12 shift,

[START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Nakamura | Shift work and risk factors for coronary heart disease in Japanese blue-collar workers: serum lipids and anthropometric characteristics[END_REF][START_REF] Gowda | Association between metabolic risk, oxidative stress and rotating shift work in a tertiary health care facility[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF][START_REF] Khosravipour | The effects of exposure to night shift work on liver function: A cross-sectional study with emphasis of alkaline phosphatase enzyme[END_REF][START_REF] Khosravipour | The effects of rotating and extended night shift work on the prevalence of metabolic syndrome and its components[END_REF] 

2 reported rotating day shift,

[START_REF] Akbari | Evaluation of the Effect of Shift Work on Serum Cholesterol and Triglyceride Levels[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF] 

and 9 were unspecified.

[START_REF] Haupt | The relation of exposure to shift work with atherosclerosis and myocardial infarction in a general population[END_REF][START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Guo | Shift Work and the Relationship with Metabolic Syndrome in Chinese Aged 21 Workers[END_REF][START_REF] Aslam | High prevalence of obesity among nursing personnel working in tertiary care hospital[END_REF][START_REF] Jung | Differential Impact of Sleep Duration on Fasting Plasma Glucose Level According to Work Timing[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Mashhadi | Study of association between beverage consumption pattern and lipid profile in shift workers[END_REF] 

Only permanent night shift workers had increased blood level of total cholesterol (SMD = 0.22; 95CI 0.01 to 0.42; p = 0.043; I 2 = 60.3%) (Supplementary Data 6). Meta-regressions demonstrated that permanent night shift workers had higher blood levels of total cholesterol than rotating 3*8 shift workers (Coefficient 0.22; 95CI 0.01 to 0.42; p = 0.038), rotating 2*12 shift workers (0.24; 0.02 to 0.46; p = 0.037), and

  21 reported rotating 3*8 shift,[START_REF] Knutsson | Prevalence of risk factors for coronary artery disease among day and shift workers[END_REF][START_REF] Romon | Increased triglyceride levels in shift workers[END_REF][START_REF] Akbari | Evaluation of the Effect of Shift Work on Serum Cholesterol and Triglyceride Levels[END_REF][START_REF] Chatti | Facteurs de risque cardiovasculaire chez les travailleurs postés d'une centrale de production d'électricité au centre tunisien[END_REF][START_REF] Ellingsen | Study of shift work and risk of coronary events[END_REF][START_REF] Esquirol | Shiftwork and Higher Pancreatic Secretion: Early Detection of an Intermediate State of Insulin Resistance?[END_REF][START_REF] Esquirol | Shift Work and Metabolic Syndrome: Respective Impacts of Job Strain, Physical Activity, and Dietary Rhythms[END_REF][START_REF] Hamta | Simultaneous effect of shift work on blood pressure and lipid profile: a path analysis[END_REF][START_REF] Jesús Fernández Rodríguez | Valoración nutricional de trabajadores sanitarios expuestos a turnicidad en Canarias[END_REF][START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Kawada | A cross-sectional study on the shift work and metabolic syndrome in Japanese male workers[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF][START_REF] Murata | Impact of shift work on cardiovascular functions in a 10-year follow-up study[END_REF][START_REF] Nakamura | Shift work and risk factors for coronary heart disease in Japanese blue-collar workers: serum lipids and anthropometric characteristics[END_REF][START_REF] Ye | The Association between Shift Work and the Metabolic Syndrome in Female Workers[END_REF][START_REF] Charles | Separate and Joint Associations of Shift Work and Sleep Quality with Lipids[END_REF][START_REF] Copin | Perturbation du métabolisme lipidique chez des travailleurs postés consultants de centres d'examens de santé[END_REF][START_REF] Hulsegge | Proper, Shift work, chronotype and the risk of cardiometabolic risk factors[END_REF][START_REF] Kang | Coronary artery atherosclerosis associated with shift work in chemical plant workers by using coronary CT angiography[END_REF][START_REF] Kim | Night shift work and inflammatory markers in male workers aged 20-39 in a display manufacturing company[END_REF][START_REF] Lu | Shift work is associated with metabolic syndrome in male steel workers-the role of resistin and WBC count-related metabolic derangements[END_REF] eleven reported rotating 2*12 shift,[START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Lin | Utilizing the metabolic syndrome component count in workers' health surveillance: An example of day-time vs. day-night rotating shift workers[END_REF][START_REF] Lin | Persistent Rotating Shift-Work Exposure Accelerates Development of Metabolic Syndrome among Middle-Aged Female Employees: A Five-Year Follow-Up[END_REF][START_REF] Nakamura | Shift work and risk factors for coronary heart disease in Japanese blue-collar workers: serum lipids and anthropometric characteristics[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Ritonja | Investigating Cortisol Production and Pattern as Mediators in the Relationship Between Shift Work and Cardiometabolic Risk[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF][START_REF] Khosravipour | The effects of rotating and extended night shift work on the prevalence of metabolic syndrome and its components[END_REF] four reported rotating day shift,[36,53- 55] and 12 were unspecified.[START_REF] Ghiasvand | Shift working and risk of lipid disorders: A cross-sectional study[END_REF][START_REF] Alefishat | Is Shift Work Associated with Lipid Disturbances and Increased Insulin Resistance?[END_REF][START_REF] Asare-Anane | Shift work and the risk of cardiovascular disease among workers in cocoa processing company, Tema[END_REF][START_REF] Chen | Shift Work and Arteriosclerosis Risk in Professional Bus Drivers[END_REF][START_REF] Guo | Shift Work and the Relationship with Metabolic Syndrome in Chinese Aged 21 Workers[END_REF][START_REF] Puttonen | Shift work in young adults and carotid artery intima-media thickness: The Cardiovascular Risk in Young Finns study[END_REF][START_REF] Amano | Interleukin-6 Level among Shift and Night Workers in Japan: Cross-Sectional Analysis of the J-HOPE Study[END_REF][START_REF] Aslam | High prevalence of obesity among nursing personnel working in tertiary care hospital[END_REF][START_REF] Jung | Differential Impact of Sleep Duration on Fasting Plasma Glucose Level According to Work Timing[END_REF][START_REF] Loef | The association between exposure to different aspects of shift work and metabolic risk factors in health care workers, and the role of chronotype[END_REF][START_REF] Mashhadi | Study of association between beverage consumption pattern and lipid profile in shift workers[END_REF][START_REF] Ritonja | The relationship between night work, chronotype, and cardiometabolic risk factors in female hospital employees[END_REF] We found significantly

	increased blood levels of triglycerides among permanent night shift workers (0.18; 0.03 to
	0.33; p = 0.017; I 2 = 73.8%), rotating 3*8 shift workers (0.09; 0.03 to 0.16; p = 0.004; I 2 =
	73.6%), rotating 2*12 shift workers (0.07; 0.01 to 0.13; p = 0.017; I 2 = 31.6%), and non-
	specified shift workers (0.11; 0.03 to 0.18; p = 0.004; I 2 = 80.9%) (Supplementary Data 7).

  included studies, 6 studies reported permanent night shift,[41,58,67,69,71,82] 19 reported rotating 3*8 shift,[23,24,47,48,50,52-55,59,65,66,69,70,73,76,77,80,85] 11 reported rotating 2*12 shift,[START_REF] Sookoian | Effects of rotating shift work on biomarkers of metabolic syndrome and inflammation[END_REF][START_REF] Tenkanen | Shift work, occupation and coronary heart disease over 6 years of follow-up in the Helsinki Heart Study[END_REF][START_REF] Burgueño | Increased levels of resistin in rotating shift workers: A potential mediator of cardiovascular risk associated with circadian misalignment[END_REF][START_REF] Jermendy | Assessment of cardiometabolic risk among shift workers in Hungary[END_REF][START_REF] Lin | Utilizing the metabolic syndrome component count in workers' health surveillance: An example of day-time vs. day-night rotating shift workers[END_REF][START_REF] Lin | Persistent Rotating Shift-Work Exposure Accelerates Development of Metabolic Syndrome among Middle-Aged Female Employees: A Five-Year Follow-Up[END_REF][START_REF] Joo | Association between night work and dyslipidemia in South Korean men and women: a cross-sectional study[END_REF][START_REF] Kiranmala | Association of postprandial triglyceride responses with insulin resistance among rotational night shift healthcare workers[END_REF][START_REF] Ritonja | Investigating Cortisol Production and Pattern as Mediators in the Relationship Between Shift Work and Cardiometabolic Risk[END_REF][START_REF] Ye | The impact of shift work on glycemic characteristics assessed by CGM and its association with metabolic indices in non-diabetic subjects[END_REF][START_REF] Khosravipour | The effects of rotating and extended night shift work on the prevalence of metabolic syndrome and its components[END_REF] 3 reported rotating day shift,[START_REF] Kawada | Effect of Shift Work on the Development of Metabolic Syndrome After 3 Years in Japanese Male Workers[END_REF][START_REF] Kawada | A cross-sectional study on the shift work and metabolic syndrome in Japanese male workers[END_REF][START_REF] Lennernäs | Nutrient intake in day workers and shift workers[END_REF] and 13 were

	unspecified.[17,37,38,43,45,49,62,67,68,75,79,81,84] We found a significantly lower blood
	level of c-HDL among permanent night shift workers (SMD = -0.16; 95CI -0.32 to 0.00; p =
	0.05; I 2 = 72.3%), rotating 3*8 shift workers (-0.10; 95CI -0.17 to -0.02; p = 0.018; I 2 =
	78.8%), and non-specified shift workers (-0.08; 95CI -0.15 to -0.01; p = 0.027; I 2 = 81.7%).
	We also found a significantly higher blood level of c-HDL among rotating day shift workers
	(0.18; 95CI 0.04 to 0.31; p = 0.010; I 2 = 80.4%) (Supplementary Data 9). Meta-regressions
	demonstrated that permanent night shift workers (Coefficient = -0.32; 95CI -0.57 to -0.07; p =
	0.014), rotating 3*8 shift workers (-0.26; 95CI -0.47 to -0.04; p = 0.019), and rotating 2*12

  ,17,38,44,87] Shift work exposure increased the risk of high triglyceride levels by 12% (ES = 1.12; 95CI 1.01 to 1.23; p < 0.001; I 2 =55.2%) without significance for total cholesterol, c-LDL, and c-HDL. Insufficient data did not permit meta-regression.

	7 studies reporting OR for high triglyceride (Supplementary Data
	11),[8,9,17,38,61,87,88] 2 studies reporting OR for high c-LDL (Supplementary Data
	12),[17,89] and 6 studies reporting OR for low c-HDL (Supplementary Data
	13).[8,9
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