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Abstract 

Background and aims: Shift work is common worldwide and linked to deleterious 

cardiovascular effects that might be underlined by dyslipidemia. The aim of this systematic 

review and meta-analysis is to determine the impact of shiftwork on dyslipidemia. 

Methods: Searching in PubMed, Cochrane Library, Science Direct and Embase databases 

without language restriction on 15 February, 2020, included studies that describe blood lipids 

levels or a risk measure in shift workers compared with fixed-day workers (controls). 

Differences by study-level characteristics were estimated using stratified meta-analysis by 

type of shift work, and meta-regression to examine relations between dyslipidemia and 

demographic, lifestyle and work characteristics. Estimates were pooled using random-effect 

meta-analysis. 

Results: We included a total of 66 articles, representing 197,063 workers. Shift work globally 

increased the levels of triglycerides (overall SMD = 0.09; 95CI 0.05 to 0.13; p < 0.001), and 

globally decreased the levels of c-HDL (-0.08; 95CI -0.12 to -0.03; p = 0.001). Permanent 

night shift workers were an at-risk type of shift for dyslipidemia with significantly higher 

blood levels of total cholesterol (0.22; 95CI 0.01 to 0.42; p = 0.043) and triglycerides (0.18; 

0.03 to 0.33; p = 0.017), and significantly lower blood levels of c-HDL (-0.16; 95CI -0.32 to 

0.00; p = 0.05). Permanent night shift workers were more at-risk for total cholesterol than 

rotating 3*8 shift workers (Coefficient 0.22; 95CI 0.01 to 0.42; p = 0.038) and rotating 2*12 

shift workers (0.24; 0.02 to 0.46; p = 0.037), and more at-risk for triglycerides than rotating 

day shift workers (0.21; 95CI 0.03 to 0.38; p = 0.023). Results were non-significant for c-

LDL, nor depending on type of shifts. 

Conclusions: Shift work, and particularly permanent night shift, is associated with 

dyslipidaemia via elevated total cholesterol and triglycerides, and reduced HDL-cholesterol. 
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Our current study provides a practical and valuable strengthening of the evidence-base 

required for preventive health initiatives and workplace reform. 

 

Key words: dyslipidemia – blood lipids level – cholesterol – shift work – night shift – 

cardiovascular disease – metabolic disease – preventive medicine – work conditions.  
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Introduction  

Shift work that involves night time, is common, accounting for approximately 20% of the 

work force.[1] Although definitions vary slightly across sources, shift work can be defined as 

employment in any work schedule that is not a regular daytime schedule.[2] 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.[2] Unfortunately, shift 

work is linked to several health problems [3–5], including deleterious effects on the 

cardiovascular and metabolic systems.[6–13] For instance, shift workers appear to be at 

increased risk for coronary heart disease,[7,11–13] stroke,[6] insulin resistance,[7,8] and 

metabolic syndrome.[9,10] Lipid profiles are directly linked to the risk of cardiovascular 

diseases.[14,15] 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.[9] Indeed, it is reasonable to expect that shift work may influence 

lipid metabolism, particularly deleterious for the health of workers.[16] Some cross-sectional 

and longitudinal studies have concluded that shift work may increase dyslipidemia.[17–19] 

However, results are conflicting, with some studies not supporting a link between shiftwork 

and dyslipidemia.[20–24] 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 meta-

analysis 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. 
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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). 
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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,[25] the “STrengthening the 

Reporting of OBservational studies in Epidemiology” (STROBE) criteria were used for 

checking the quality of reporting.[26] 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.[27] 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”. 
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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).[28–34] 

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, HDL-

cholesterol, 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).[35] 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.[35] 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 
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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 

[7–10,16,17,21–24,36–91] including 41 cross-sectional studies,[7–

10,17,21,23,37,38,40,42,47–50,54,55,58–62,66–69,71,72,75,76,78,80–84,86,87,89–91] 24 

prospective or retrospective cohort studies[16,22,24,36,39,43–46,51–53,56,57,63–

65,70,73,74,77,79,85,88] and 1 case-control study.[41] 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,[42,70] one in Spanish[52]  and one in Italian.[44] 

 

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 
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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 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 (I2 = 73.0%) (Figure 2 and Supplementary Data 6). Among the 43 

included studies, 4 studies reported permanent night shift,[39,41,69,82] 23 reported rotating 

3*8 shift,[16,21–24,36,42,46,48,50,52,55,60,63–66,69,70,73,76,80,85] 10 reported rotating 

2*12 shift,[10,24,40,60,72,74,78,86,90,91] 2 reported rotating day shift,[36,55] and 9 were 

unspecified.[7,17,38,43,49,68,75,79,81] Only permanent night shift workers had increased 

blood level of total cholesterol (SMD = 0.22; 95CI 0.01 to 0.42; p = 0.043; I2 = 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 

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 and 4). 

 

Meta-analysis of triglycerides for each type of shift works 

We included 48 studies.[10,17,21–23,36–43,46–60,62,66–71,73–84,86]  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 (I2 = 80.3%) (Figure 2 and Supplementary Data 7). Among the 48 

included studies, seven reported permanent night shift,[39,41,58,67,69,71,82] 21 reported 
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rotating 3*8 shift,[21,23,36,42,46–48,50,52–55,59,60,66,69,70,73,76,77,80] eleven reported 

rotating 2*12 shift,[10,40,51,56,57,60,74,78,83,86,91] four reported rotating day shift,[36,53–

55] and 12 were unspecified.[17,37,38,43,49,62,67,68,75,79,81,84] We found significantly 

increased blood levels of triglycerides among permanent night shift workers (0.18; 0.03 to 

0.33; p = 0.017; I2 = 73.8%), rotating 3*8 shift workers (0.09; 0.03 to 0.16; p = 0.004; I2 = 

73.6%), rotating 2*12 shift workers (0.07; 0.01 to 0.13; p = 0.017; I2 = 31.6%),  and non-

specified shift workers (0.11; 0.03 to 0.18; p = 0.004; I2 = 80.9%) (Supplementary Data 7). 

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 and 4). 

 

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

Among the 31 studies reporting LDL cholesterol,[7,10,17,38,40,43,48,49,51,52,54,55,62,65–

70,74,76–82,84–86,91] permanent night shift was reported in 3 studies,[67,69,82] rotating 

3*8 shift in 12 studies,[47,52,54,55,65,66,69,70,76,77,80,85] rotating 2*12 shift in 7 

studies,[10,40,51,74,78,86,91] rotating day shift in 2 studies,[53,55] and unspecified in 11 

studies (Figure 2 and Supplementary Data 8).[7,17,38,43,49,62,67,68,79,81,84] Meta-

analysis, globally and stratified by type of shift works, as well as meta-regressions, did not 

retrieve any significant results (Figure 3 and 4). 

 

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

We included 46 studies.[10,17,23,24,37,38,40,41,43,45,47–59,62,65–71,73–86,91] The 

overall SMD was -0.08 (95CI -0.12 to -0.03; p = 0.001) with an important heterogeneity (I2 = 

85.9%) (Figure 2 and Supplementary Data 9). Among the 46 included studies, 6 studies 



 11

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,[10,24,40,51,56,57,74,78,83,86,91] 3 reported rotating day shift,[53–55] 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; I2 = 72.3%), rotating 3*8 shift workers (-0.10; 95CI -0.17 to -0.02; p = 0.018; I2 = 

78.8%), and non-specified shift workers (-0.08; 95CI -0.15 to -0.01; p = 0.027; I2 = 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; I2 = 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 

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 and 4).  

 

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),[17,38,89] 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).[8,9,17,38,44,87] Shift work exposure increased the risk of high triglyceride levels by 
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12% (ES = 1.12; 95CI 1.01 to 1.23; p < 0.001; I2=55.2%) without significance for total 

cholesterol, c-LDL, and c-HDL. Insufficient data did not permit meta-regression. 

 

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 HDL-

cholesterol. 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.[92] 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.[93] 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.[94] It has been shown that nocturnal food intake (in particular 

those rich in carbohydrate) might aggravate metabolic disturbances of triglyceride and lipid 

levels.[51,95] 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 
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heath.[96] Short sleep duration is associated with an increased risk of obesity,[97] type 2 

diabetes,[98] cardiovascular outcomes[99] and all-cause mortality,[100] with a dose response 

relationship between short sleep duration (less than six hours) and mortality.[101] Restricting 

sleep duration over just one week resulted in significant reduction in insulin sensitivity in 

middle aged and older men.[102] 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.[103] 

Even if it has been hypothesized a possible selection bias of healthy workers who might 

undergo night shift,[103] 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.[104] Putative explanations might 

be that, most often, permanent night shift workers keep a desynchronized circadian rhythm, 

with awakening during normal sleeping periods.[105] This desynchronized circadian rhythm 

might affect sleep quality involving chronical disrupted sleep.[106,107] 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.[108] The circadian system is impacted by sleep disturbance, 

and contribute to the regulation of metabolism and energy expenditure.[104] 

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 
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lead to the development of metabolic syndrome and obesity.[109,110] 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.[111,112] 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.[109,110] 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.[113,114] 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.[115] It seems also salient to note that night shift work is 

positively associated with abnormal eating patterns and BMI.[116,117] 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.[118]  

 

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.[119–121] 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. 



 15

Nevertheless, older individuals and men are at-risk populations for dyslipidemia, particularly 

in post-industrialised countries.[122,123] Despite an important social determinant of 

health,[124] marital status, seems to not influence the risk of dyslipidemia with contradictory 

and inconclusive results.[125,126]  In our meta-analysis, smoking and alcohol intake were not 

linked to dyslipidaemia. However, smoking promotes dyslipidaemia by worsening the control 

of lipid metabolism.[127,128] Similarly, the link between misuse of alcohol and dyslipidemia 

is well established, with yet contradictory results for regular low doses.[129–131] 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.[132]  

 

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,[101] 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 cut-

off 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 
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shift work and dyslipidemia risk might be underestimated by the potential healthy worker 

survival effect in the cross-sectional studies.[133] 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)),[134] 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 dose-

response 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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Table 1. Characteristics of included studies. 
HDL: HDL cholesterol; LDL: LDL cholesterol; TC: total cholesterol; TG: triglycerides 
 

Study Design Country 
Follow-up 
(period) 

Type of Work 
Shift work  Shift Workers  Day Workers  Blood lipids 

Type of shift Schedule (hours)  n 
Age 

(mean±SD) 
Sex 

(%men) 
 n 

Age 
(mean±SD) 

Sex 
(%men) 

 Samples Outcomes 

Akbari 2014 retrospective cohort Iran 2002-2011 steel industry rotating 3*8 
7:00-15:00/ 15:00-23:00/ 

23:00-7:00 
 2854 33.6±5.7 100  2557 34.9±5.9 100  TG, TC levels 

     rotating day shift 7:00-15:00/ 15:00-23:00  362 34.8±5.9 100  2557 34.9±5.9 100  TG, TC levels 

Alefishat 2015 cross sectional Jordan - non specified unspecified -  82 32.8±8.0 22.4  58 35.1±6.7 57.3  TG, HDL levels 

Amano 2018 cross sectional Japan - non specified fixed night -  142 43.2±8.8 39.4  3660 41.9±10.4 69.1  TG, HDL, LDL levels 

   -  unspecified -  1276 35.4±12.1 92.0  3660 41.9±10.4 69.1  TG, HDL, LDL levels 

Asare-Anane 2015 cross sectional Ghana 2013 cocoa industry unspecified -  113 42.0±8.2 -  87 40.3±11.5 -  
TG, TC, HDL, 

LDL 
levels & OR 

Aslam 2018 cross sectional India - nurses unspecified -  290 40.5±8.6 0  206 40.5±6.9 0  
TG, TC, HDL, 

LDL, VLDL 
levels 

Biggi 2008 prospective cohort Italy 1976-2007 communal employees fixed night 23:35-5:35  319 44.5 100  157 35.0 100  TG, TC levels 

Burgueno 2009 cross sectional Argentina - factory rotating 2*12 6:00-18:00/ 18:00-6:00  184 35.5±8.0 100  255 33.7±8.9 100  
TG, TC, HDL, 

LDL 
levels 

Caciari 2013 case control Italy - health care fixed night -  105 49.3±4.7 100  190 49.1±5.1 100  TG, TC, HDL levels 

        58 45.4±4.2 0  62 45.6±5.1 0  TG, TC, HDL levels 

Chatti 2010 cross sectional Tunisia - thermal power plant rotating 3*8 -  128 38.7±5.8 100  162 39.7±6.9 95.7  TG, TC levels 

Charles 2016 cross sectional USA - police officers rotating 3*8 
4:00-11:59/ 12:00-7:59/ 

8:00-3:59 
 129 41.2±6.6 86.8  141 41.2±6.9 51.8  

TG, TC, HDL, 
LDL 

levels 

     fixed night 8:00-3:59  90 41.2±6.6 84.4  141 41.2±6.6 51.8  
TG, TC, HDL, 

LDL 
levels 

Chen 2010 prospective cohort Taiwan 2004 bus drivers unspecified -  36 49.3±4.2 100  49 42.3±9.8 100  
TG, TC, HDL, 

LDL 
levels 

Chico-Barba 2019 cross sectional Mexico 2016-2018 nurses rotating day shift -  14 - 0  104 - 0  TG, HDL OR 

     fixed night 18:00-6:00  50 - 0  104 - 0  TG, HDL OR 

Copertaro 2009 retrospective cohort Italy 2008 health care rotating 3*8 
6:00-14:00/ 14:00-22:00/ 

22:00-6:00 
 193 44.3±8.1 34.7  221 43.1±8.7 27.6  HDL OR 

Copin 2015 retrospective cohort France 1996-2008 non specified rotating 3*8 -  2766 45.3±7.0 71.8  4764 46.0±7.8 59.9  
TG, TC, HDL, 

LDL 
levels 

Debacquer 2008 prospective cohort Belgium 1995-1998 non specified unspecified -  309 44.7±4.3 100  1220 43.1±5.1 100  HDL levels 

Dochi 2008 prospective cohort Japan 1991-2005 steel industry rotating 3*8 
7:00-15:00/ 15:00-23:00/ 

23:00-7:00 
 2807 36.9±9.4 100  4079 36.2±10.7 100  TC levels 

Ellingsen 2007 prospective cohort Qatar 1972-2003 fertilizer plant rotating 3*8 -  27 46.1±7.0 100  40 49.3±6.7 100  TG, TC levels 

     rotating 3*8 -  61 46.6±7.3 100  95 46.9±7.7 100  TG, TC levels 

Esquirol 2009 cross sectional France 2001-2002 chemical plant rotating 3*8 
5:00-13:00/ 13:00-22:00/ 
22:00-5:00/ 8:00-17:00 

 100 46.5±4.4 100  98 48.8±5.3 100  
TG, TC, HDL, 

LDL 
levels 

Esquirol 2012 cross sectional France 2001-2002 chemical plant rotating 3*8 
5:00-13:00/ 13:00-22:00/ 

22:00-5:00 
 97 46.5±4.4 100  95 48.9±5.3 100  TG, HDL levels 

Farha 2018 cross sectional Jordan 2014 health care fixed night 16:00-7:00  82 32.8±8.0 57.3  58 35.1±6.7 22.4  TG, HDL levels 

Jesus Fernandez 
Rodriguez 2004 

retrospective cohort Spain 2000-2001 health care rotating 3*8 -  210 - 33.3  207 - 24.6  
TG, TC, HDL, 

LDL 
levels 

Gowda 2019 cross sectional India 2016 health care rotating 2*12 9:00-16:30/ 20:00-8:00  61 33.0±19.0 46.9  63 38.0±23.0 53.1  TC levels 

Ghiasvand 2006 cross sectional Iran - non specified unspecified 7:00-18:00  158 46.4±7.7 100  266 38.7±9.8 100  
TG, TC, HDL, 

LDL 
levels & OR 
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Guo 2015 cross sectional China - motor industry unspecified -  9088 - 45.8  
1729

4 
- 44.1  

TG, TC, HDL, 
LDL 

levels 

Hamta 2017 cross sectional Iran 2015 steel industry rotating 3*8 -  3479 - 100  3060 - 100  TG, TC, HDL levels 

Haupt 2008 cross sectional Germany 1997-2001 non specified unspecified -  698 62.3±9.3 72.7  1812 61.5±10.1 41.9  TC, LDL levels 

Hulsegge 2018 retrospective cohort Netherlands 2013-2015 non specified rotating 3*8 -  125 36.2±9.2 65.0  808 39.4±9.0 64.0  TG, TC, HDL levels 

Itani 2017 retrospective cohort Japan 1999-2006 non specified unspecified -  
2017

9 
- -  

1683
5 

- -  TG HR 

Jermendy 2012 retrospective cohort Hungary - factory rotating 2*12 -  54 42.2±8.1 100  67 42.5±9.8 100  TG, HDL, LDL levels 

        180 44.5±8.1 0  180 42.9±8.0 0  TG, HDL, LDL levels 

Joo 2019 prospective cohort South Korea 2013-2016 non specified rotating 2*12 18:00-0:00/ 0:00-8:00  575 - 34.0  4916 - 48.9  
TG, TC, HDL, 

LDL 
levels 

Jung 2018 cross sectional South Korea - non specified unspecified 
14:00-0:00/ 21:00-9:00/ 

18:00-6:00 
 1588 - 51.7  7535 - 50.9  TG, TC, HDL levels 

Kang 2016 cross sectional South Korea 2012-2013 chemical plant rotating 3*8 
7:00-15:00/ 15:00-23:00/ 

23:00-7:00 
 40 45.8±4.7 100  70 47.9±4.4 100  

TG, TC, HDL, 
LDL 

levels 

Karlsson 2001 cross sectional Sweden 1992-1997 non specified unspecified -  3277 - 100  9719 - 100  TG, HDL OR 

        4632 - 0  9857 - 0  TG, HDL OR 

Karlsson 2003 cross sectional Sweden 1996-1997 paper manufactory rotating 3*8 
6:00-14:00/ 6:00-18:00/ 
14:00-22:00/ 22:00-6:00/ 

18:00-6:00 
 659 44.3 100  665 44.2 100  TG, HDL OR 

Kawada 2010 cross sectional Japan 2008 car manufactory rotating day shift 6:30-14:30/ 15:00-23:00  1125 44.6±7.2 100  1700 45.1±7.2 100  TG, HDL, LDL levels 

     rotating 3*8 
6:30-14:30/ 14:30-22:30/ 

22:30-6:30 
 182 44.9±7.2 100  1700 45.1±7.2 100  TG, HDL, LDL levels 

Kawada 2013 prospective cohort Japan 2008 car manufactory rotating day shift 6:30-14:30/ 15:00-23:00  686 44.3±5.8 100  868 44.4±5.5 100  TG, HDL levels 

   2008  rotating 3*8 
6:30-14:30/ 14:30-22:30/ 

22:30-6:30 
 99 44.5±5.2 100  868 44.4±5.5 100  TG, HDL levels 

   2011  rotating day shift 6:30-14:30/ 15:00-23:00  686 47.3±5.8 100  868 47.4±5.5 100  TG, HDL levels 

   2011  rotating 3*8 
6:30-14:30/ 14:30-22:30/ 

22:30-6:30 
 99 47.5±5.2 100  868 47.4±5.5 100  TG, HDL levels 

Khosravipour 
2019(a) 

cross sectional Iran 2017-2018 petrochemical plant rotating 2*12 -  997 38.1±5.2 100  578 38.9±5.6 100  
TG, TC, HDL, 

LDL 
levels 

Khosravipour 
2019(b) 

cross sectional Iran 2017-2018 oil refinery industry rotating 2*12 -  2630 36.4±6.9 100  3848 37.2±7.6 100  TC levels 

Kim 2016 prospective cohort South Korea 2015 display manufacturing rotating 3*8 -  86 33.3±3.5 100  112 32.2±4.3 100  TG, HDL, LDL levels 

Kiranmala 2019 cross sectional India - health care rotating 2*12 -  20 29.7±3.9 60  20 29.7±2.2 60.0  
TG, TC, HDL, 

LDL, VLDL 
levels 

Knutsson 1988 cross sectional Sweden 1975-1976 paper manufactory rotating 3*8 
6:00-14:00/ 14:00-22:00/ 

22:00-6:00 
 361 43.2±11.8 100  240 44.8±11.7 100  TG, TC levels 

Lennernas 1994 cross sectional Sweden - 
cement/insulation 

manufactory 
rotating day shift 5:30-14:00/ 14:00-22:30  34 40.8±7.1 100  44 40.9±6.1 100  

TG, TC, HDL, 
LDL 

levels 

     rotating 3*8 
5:30-14:00/ 14:00-22:30/ 

22:30-5:30 
 25 36.1±7.2 100  44 40.9±6.1 100  

TG, TC, HDL, 
LDL 

levels 

Lin 2009 prospective cohort Taiwan 2002 
electronic 

manufactory 
rotating 2*12 -  102 31.9±8.2 0  125 31.1±5.8 0  TG, HDL levels 

Lin 2015 retrospective cohort Taiwan 2002-2007 
electronic 

manufactory 
rotating 2*12 7:30-19:30/ 19:30-7:30  565 31.7 79.1  512 33.2 73.2  TG, HDL levels 

Loef 2019 prospective cohort Netherlands 2016-2017 health care unspecified 
7:30-16:00/ 23:00-7:45/ 
15:00-23:00/ 0:00–6:00 

 503 40.9±12.2 11.9  93 46.8±11.2 16.1  
TG, TC, HDL, 

LDL 
levels 

Lu 2017 cross sectional Taiwan 2016 steel industry rotating 3*8 
23:00-7:00/ 15:00-23:00/ 

7:00-15:00 
 870 42.0±8.0 100  862 43.0±8.0 100  

TG, TC, HDL, 
LDL 

levels 

Mashhadi 2016 cross sectional Iran - airport workers unspecified -  17 - 100  24 - 100  TG, TC, HDL, levels 
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LDL 

Mohebbi 2012 cross sectional Iran 2006-2010 truck drivers fixed night 21:00-7:00  3039 - 100  3039 - 100  TG, HDL levels 

Morikawa 2007 cohort Japan 1993-2003 zipper factory rotating 3*8 

8:00-16:30/ 16:30-0:15/ 
0:15-8:00/ 6:30-

13:00/13:00-21:00/ 21:00-
6:30 

 434 33.5±8.6 100  712 36.4±8.2 100  TC levels 

Murata 1999 cross sectional Japan 1986-1996 
electronic 

manufactory 
rotating 3*8 -  117 46.0±7.0 100  63 46±7.0 100  TG, HDL levels 

        130 46.0±7.0 100  58 46±7.0 100  TG, HDL levels 

Nakamura 1997 cross sectional Japan 1993 industry rotating 2*12 8:15-18:15/ 22:30-8:15  27 34.8±7.6 100  239 32.7±7.6 100  TG, TC levels 

     rotating 3*8 
8:15-15:15/ 15:15-22:30/ 

22:30-8:15 
 33 34.2±6.8 100  239 32.7±7.6 100  TG, TC levels 

Pimenta 2012 cross sectional Brazil 2010 health care rotating 2*12 19:00-7:00  81 - -  130 - -  TG OR 

Puttonen 2009 cross sectional Finland 2001 non specified unspecified -  712 - 100  515 - 100  TG, HDL, LDL levels 

        831 - 0  668 - 0  TG, HDL, LDL levels 

Raspante 
Cerqueira Teixeira 

2019 
cross sectional Brazil - health care fixed night -  37 42.4±8.5 100  42 43.4±12.7 100  

TG, TC, HDL, 
LDL 

levels 

Ritonja 2018 cross sectional Canada 2011-2014 health care rotating 2*12 8:00-16:00/ 22:00-8:00  166 38.8±11.5 0  160 44.8±10.0 0  TG, HDL levels 

Ritonja 2019 cross sectional Canada 2011-2014 health care unspecified -  168 39.0±11.6 0  157 44.7±10.0 0  TG, HDL, LDL levels 

Romon 1992 cross sectional France 1988-1989 
nuclear power plant/ 

chemical plant 
rotating 3*8 

6:00-14:00/ 14:00-22:00/ 
22:00-6:00 

 71 31.9±10.8 100  70 32.4±10.2 100  TG, TC, HDL levels 

Skogstad 2019 prospective cohort Norway - 
insulation 

manufactory 
rotating 3*8 7:00-15:00/ 15:00-23:00/ 

23:00-7:00 

 42 40.5±11.0 88.1  29 49.7±8.5 75.9  TC, HDL, LDL levels 

       23 40.0±12.5 95.7  29 49.7±8.5 75.9  TC, HDL, LDL levels 

Sookoian 2007 cross sectional Argentina 2005 non specified rotating 2*12 6:00-18:00/ 18:00-6:00  474 36.0±21.8 100  877 34.0±29.6 100  
TG, TC, HDL, 

LDL 
levels 

Suwazono 2009 prospective cohort Japan 1991-2005 steel industry rotating 3*8 
7:00-15:00/ 15:00-23:00/ 

23:00-7:00 
 2885 36.8±9.4 100  4219 36.3±10.7 100  TC levels 

Tenkanen 1997 prospective cohort Finland 1982-1988 industry rotating 2*12 -  160 51.6 100  511 52.9 100  TC, HDL levels 

     rotating 3*8 -  404 52.6 100  511 52.9 100  TC, HDL levels 

Uetani 2011 prospective cohort Japan 1991-2005 steel industry rotating 3*8 7:00-15:00/ 15:00-23:00/ 
23:00-7:00 

 2105 36.2±9.6 100  2977 35.4±10.9 100  CT levels 

       702 38.8±8.3 100  1102 38.2±9.9 100  CT levels 

Van Amelsvoort 
2004 

prospective cohort Netherlands - non specified rotating 3*8 -  227 26.8±6.5 55.4  150 24.1±8.2 41.0  CT, HDL, LDL levels 

Weigl 2019 cross sectional Germany - nurses unspecified -  227 - 15.0  47 - 15.0  TC, LDL OR 

Ye 2013 cross sectional South Korea 2012 industry rotating 3*8 -  183 49.7±8.6 0  71 36.4±12.5 0  
TG, TC, HDL, 

LDL 
levels 

Ye 2019 cross sectional China 2016-2017 automotive industry rotating 2*12 8:00-17:00/ 16:30-4:00  212 33.7±8.0 100  238 34.1±7.5 100  
TG, TC, HDL, 

LDL 
levels 
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Figures legends 

Figure 1.  Search strategy. 

Figure 2. Summary of all meta-analyses on each blood lipid levels and odds ratio.  

Figure 3. Metaregressions on factors influencing blood lipids levels. 

Separate models were used for each variable (* models adjusted on age, sex, physical activity, smoking and 

drinking) 

Figure 4. Funnel plots (metafunnel).  

SMD: Standardized mean difference; se(SMD): standard error of standardized mean difference 

Each dot represents a single study, with its corresponding effect size (x axis) and its associated standard error of the effect 

estimate (y-axis). Large high-powered studies are placed towards the top, and smaller low-powered studies towards the 

bottom. The plot should ideally resemble a pyramid or inverted funnel, with scatter due to sampling variation. Studies outside 

funnel plot are likely to present bias (Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, Carpenter J, Rücker G, 

Harbord RM, Schmid CH, Tetzlaff J, Deeks JJ, Peters J, Macaskill P, Schwarzer G, Duval S, Altman DG, Moher D, Higgins 

JP.  Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled 

trials. BMJ. 2011 Jul 22;343:d4002. doi: 10.1136/bmj.d4002). 
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