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AbstractBottom of Form


Objective 
To determine whether an association exists between shift work and early reproductive outcomes  (menstrual disruption, subfertility or miscarriage).
Data sources
Extensive electronic databases searches on Medline, Embase and Web of Science.  Additional sources included Google scholar, the Cochrane library database and online publications of national colleges and references of retrieved papers.

Methods of Study Selection 
Included studies compared female shift workers with non-shift workers who suffered adverse early reproductive events.  

Tabulation, integration and results
Two independent reviewers extracted adjusted and raw data. Random effect models were used to pool data, weighting for the inverse of the variance. Assessments of heterogeneity, bias and subgroup analyses were performed.  16 independent cohorts from 15 studies including 123 403 women were subject to analysis.  Unadjusted data showed shift workers had increased rates of menstrual disruption (n=71 681, OR 1.22, 95%CI 1.15-1.29, I2 0%) and subfertility (n=28 479, OR 1.80, 95%CI 1.01-3.19 I2 94%) but not miscarriage (n=19 553, OR 0.95, 95%CI 0.86-1.05, I2 0%).  Night shifts were associated with increased miscarriage rates (n=13 018, OR 1.29, 95%CI 1.11-1.50, I2 0%).  Confounders-adjustment led to persistent relationships between shift work and menstrual dysfunction (OR 1.15 95%CI 1.01-1.31, I2 70%) but not subfertility (OR 1.11 95%CI 0.86-1.44, I2 61%).  The association between night shifts and miscarriage remained (OR 1.41 95%CI 1.22-1.63, I2 0%).

Conclusion
Shift work is associated with increased rates of menstrual disruption and miscarriage. Whether a direct effect or mediated by confounders, it may have implications for policy makers, employers and the reproductive health of women working shifts.
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Shift Work and Reproductive Outcome 	
Women are integral to the workforce and contribute significantly to the world economy (1).  They account for almost half the working population in the United Kingdom, and the majority are of reproductive age (2).  


Shift work occurs across all occupations and social classes (2). In the current environment almost 20% of women perform duties outside standard hours (generally between 0800 and 1800), most for the entirety of their working lives (2).   Shift work constitutes a risk factor for disease by causing alterations to psychological, social and biological functioning.  This manifests in increased rates of cardiovascular disease, (3) metabolic disturbances  and cancer (4).

Previous reviews have revealed associations between shift work and increased risks of preterm birth, low birth weight and fetal loss (5-7), whilst others have focused on exposure to occupational hazards (8).  However, the impact of shift work on early reproductive outcomes is still largely unknown.
Objectives
To determine whether there is an association between shift work and early reproductive outcomes.

Sources
A systematic review was performed according to a predetermined protocol and reported in accordance with Meta-analysis Of Observational Studies In Epidemiology (9).

All human studies that may have described shift work and menstrual disorders, subfertility and pregnancy loss until July 2013 were eligible with no restriction on publication date, study design status or language (initially search was limited to English language, but a subsequent unrestricted search was performed).  We contacted authors of published studies for clarification of specifics where necessary. No formal attempt was made to retrieve unpublished data. 

Two authors (LS, YC) performed an electronic database search (see supplementary material) and reviewed all titles/abstracts of returned articles, resolving discrepancies by arbitration.  We hand searched references and contacted experts to obtain additional data where required.   We combined search terms with Boolean logic and used special features to identify synonyms and broaden the search.
Study selection 
Exposure and participants
Women from any occupation were included.   Shift work was defined as work executed outside normal working hours (0800-1800). The comparison group were women with normal working hours or who did not work (Table 1). The number of subjects in each group had to be known. 
Outcome
1. Menstrual dysfunction/deregulation
A short (< 25 days) or long cycle (>31 days) (10), excluding studies describing ‘irregularity’ or changes in cycle length.  

2. Subfertility 
Time-to-pregnancy interval exceeding 12 months (11) (studies reporting number of menstrual cycles had to be quantified in months).
  
3. Miscarriage 
Spontaneous loss of pregnancy before 24 completed weeks (12).  We included data if the definition of miscarriage was fewer, but not greater than 24 completed weeks of pregnancy.  Terminations of pregnancy were excluded. 

Two authors (LS, YC) screened all studies, reviewing full papers where required and disregarding those ineligible.  Authors were contacted if it was impossible to extract or calculate numbers from the data and where fruitless, we excluded the study.  Compliant subsets of data were included from larger series.  Discrepancies were resolved by arbitration. 
Data extraction 
Two authors (LS, YC) independently extracted data with a template adapted from the Cochrane Collaboration (13), solving disputes by arbitration.  Authorships and data sources were scrutinised to prevent data duplication.  Original numbers were extracted for consistency of data handling.  Where available adjusted effect measures (odds ratios, relative risks and risk ratios with 95%CI or p values) were recorded. 

Two authors (LS, YC) independently rated quality using the Newcastle–Ottawa scale (14), as recommended by Cochrane (13).  Points were awarded in three domains: study group selection, comparability of the groups and ascertainment of outcome. Studies were graded low, intermediate or high quality by the percentage of possible points scored (1-33%, 34-66%, 67-100% respectively). Low-quality studies/those not achieving one point in each domain were excluded.  Disagreements were resolved by mediation. 
Statistical methods
Exposure effect 

RevMan software version 5.1 was used to combine studies, calculating odds ratios (OR) and 95%CIs for individual study results. Meta analyses were performed using fixed- (Mantel-Haenszel) (15) and random-effects methods (DerSimonian and Laird) (16) reporting both when conclusions differed without substantial heterogeneity.  In the adjusted analyses we preferentially pooled multivariable adjusted risk estimates.  Units of analysis were number of women (menstrual disruption and subfertility) or pregnancies (miscarriage). 
 
Heterogeneity
The I2 test was used to identify inter-study variation, with results denoting low (<25%), medium (25-50%), high (50%-74%), or considerable (>75%) heterogeneity (13, 17).  In cases of high/considerable heterogeneity, random-effects analyses were reported. 
Predetermined subgroup/sensitivity analysis
As night shifts have been hypothesised to produce poorer outcomes (18) we performed subgroup analyses on women only working nights (see supplementary material). Pooled estimates were subjected to influence-analyses of study design, size and confounders to confirm robustness and identify sources of heterogeneity/bias. If adjusted data was available we calculated the natural logarithms of the effect measure and corresponding standard errors; otherwise we included the unadjusted estimate.  Pooled adjusted and unadjusted data were weighted for the inverse of the variance. 





Results 
See Figure 1.   The 15 included studies are shown in Table 1.  All data were dichotomous. 

All 15 included studies had a parallel design: 8 cross sectional (19-26), 2 case control (27, 28) and 5 cohort studies (three prospective (29-31) two retrospective (32, 33) ). 12 countries were represented (largely USA and Europe) although two were from Taiwan and one Thailand (Table 1).

Participants

Table 1 shows the characteristics of the 123 403 included women; 71 681 reporting on menstrual disturbances, 28 479 on subfertility and 23 243 on miscarriage (from 23 611
pregnancies). 

One subfertility used two populations of women; a ‘pregnancy’ and a ‘population’ group (22).   There were significant differences in each arm of the study design so we treated the data as two entities (Bisanti 1996 (1) ‘population group’ and Bisanti 1996 (2) ‘pregnancy group’), hereafter referred to separately and bringing the number of included cohorts to 16.

Nine of the 15 included studies had a primary objective of assessing the effect of shift work on early reproductive outcomes (20-22, 24, 25, 30, 33, 34) (22 1&2).  Five examined shifts as one of various work-related risks (19, 27-29, 31, 32) and one as subgroup analyses (23) (Table 1.). 

Employed women were the comparison group in 11 cohorts; eight matched for occupation (19, 20, 25, 28-30, 32, 34).  Of the three unmatched cohorts, one compared office and factory workers (21) and two used mixed occupations (27, 33) (Table 1.).  Four studies (22-24, 31) (22 1&2) combined working and non-working women as comparison groups.
Outcomes
Quality 
No studies were rejected due to poor quality.  14/15 {Bisanti, 1996 #100}(19-24, 27-30, 32-34)(1) were of high and two of medium quality (22, 25)(2) (supplementary material).  
Bias
All studies scored 50% or above for ‘selection’. Blinding was not possible for the case-control studies.  Performance bias was most likely in studies including non-working women in comparison groups (22-24, 31) (22 1&2), but was otherwise low.  Despite efforts to contact authors who may have had includable data, not all were contactable so data was excluded (35, 36) (a potential n=579, 2% of the total women in the subfertility group, and n=698, 4% in the miscarriage group).   Response rates were >85% in three studies, 75-84% in nine studies and 50%-74% in two studies and the multi-country cohorts reported ranges of 54-88% (22)(1) and 70-98% (22)(2).  Three miscarriage studies ascertained differences between the outcomes of women who responded (27, 28, 34) with higher rates (88.4% vs 81.4%) (27) from women not miscarrying, although similar complete data (87.8% vs 87.1%) (28).  There were higher miscarriage rates in the non-responders (34) (11.3% vs 9.9%) suggesting that women suffering poor outcome were less likely to engage.  It cannot be determined whether this applies with menstrual disruption or subfertility.

Outcome was determined by telephone (33), face-to-face interviews (22-24)(1), diary keeping (19, 29), data directly from medical records/discharge registers (27, 28, 31) or written questionnaire (20, 22, 25, 30, 32)(2).  One study used monthly installments (21) and one checked medical records (34).  The minority relied upon written recall alone, minimizing detection bias. 

Exposure was assessed by questionnaire in 14 studies.  One asked employers to complete this information (28), and two confirmed the participant-provided information by referencing employment records (34), and asking women to keep a contemporaneous diary (19), thus minimizing reporting bias.  Those studies assessing working pattern by recall alone used written questionnaires (20-22, 25, 29, 30, 32)(2), face-to-face interviews (22-24)(1), telephone interview (27, 31, 33) or a combination of diaries and written questionnaires (19) (Table 1).  

Publication bias was not formally measured nor meta-regression performed because the number of studies (fewer than 10) for comparison within each outcome was small (13).

3/4 menstrual disruption studies excluded women using hormonal contraception or endocrine disturbances (20, 21, 29).  One study made no mention of this in their methods, potentially including women with endocrine manipulation or pathology (19).  4/5 fertility studies (22-24, 33)(2) included only women who had conceived a pregnancy, not accounting for women who were infertile.  3/6 miscarriage studies excluded terminations, ectopic and multiple pregnancies (30-32).  One study excluded women with recurrent miscarriage (25) and one with pregnancies affected by congenital malformations (28), slightly altering total pregnancy rates.
The effect of shift work
Menstrual disruption 
Four pooled studies (19, 29, 32, 33) showed an un weighted rate of menstrual disruption of between 13.4% (955/71 077)(20) and 43.5% (130/329)(21).  Women working shifts had an increased rate of menstrual disruption in the unadjusted analysis (OR 1.22 95%CI 1.15-1.29, I2 0%) (Figure 2).   

The effect of night shift work was non-significant in the unadjusted subgroup of women who worked nights (10/28) compared with women who did not work shifts (39/155).  However, heterogeneity was substantial and the analysis included only small numbers (n=183, OR 1.72, 95%CI 0.33-8.95, I2 69%) (Figure 2).  
Fertility 
Five cohorts showed an un weighted subfertility rate of between 10.5% (295/3 092)(22)(1) to 16.3% (135/907)(24). Women working shifts had higher rates of subfertility (529/4 668, 11.3%) than women who did not (2 354/23 811, 9.9%) (OR 1.80 95%CI 1.01-3.20, I2 94%) with considerable heterogeneity (Figure 2).  Only one cohort (22)(1) included women who had not managed to conceive a pregnancy (n = 3 092 OR 2.54 95%CI 1.73-3.74).  

Only one study provided data for a mutually exclusive group of night shift workers so subgroup analysis assessing the effect of night shifts on subfertility were not possible.   There were higher rates of subfertility in night shift workers compared with women not working shifts (29/177, 16.6% vs 1 797/17 531, 10.3% crude OR 1.72, 95%CI 1.15-2.56).
 Miscarriage 
The combined data from seven studies showed an un weighted rate of miscarriage of between 10.1% (410/4051)(31) and 35.4% (432/1341)(27) with no difference in miscarriage rates in shift workers (939/7 931, 12.0%) vs non-shift workers (1 898/15 673, 12.1%) (OR 0.96, 95%CI 0.88-1.05, I2 0%)(Figure 2). 

The subgroup analysis of 13 018 women from five studies showed a significantly increased rate of miscarriage in night shift workers compared with non-shift workers (237/1 823, 13.0% vs 1 201/11 195, 10.7% OR 1.29 95%CI 1.11-1.50, I2 0%) (Figure 2).

Sensitivity analysis
Heterogeneity 


Heterogeneity was generally low excepting for the subfertility group (I2 94%).  Cohorts were removed sequentially to investigate individual study effects.  Two cohorts (24, 33) not specifying the period of exposure dramatically affected the I2 value for the shift work comparison (OR 2.75 95%CI 2.02-3.75, I2 30%).  Data interrogation of the menstrual disorders subgroup was not possible in this manner (only two cohorts).

Large studies

We omitted a large study (n= 71 077)(20) in the shift work and menstrual disruption analysis and the relationship remained stable (n=604 OR 1.56 95%CI 1.04-2.34, 12 0%).   Similarly, when removing a particularly large cohort (n=21 438) (33) from the subfertility analysis, the association with shift work persisted (OR 2.16 95%CI 1.33-3.50, I2 80%).

Study design

Restriction to cross sectional studies (19-21) suggested no significant menstrual disturbance in shift workers (n= 71 557 OR 1.33, 95%CI 1.00-1.75, I2 33%). Subfertility rates remained increased, but this comparison is equivalent to removing the large aforementioned study (n=7780 OR 2.16 95%CI 1.33-3.50, I2 80%). No other study design analyses were possible.

Restriction to cross sectional studies (25, 34) showed no effect of shift (n=2 418 OR 1.06 95%CI 0.79-1.42, I2 0%) nor night work (n=1 090, OR 1.08 0.74-1.59 I2 0%) on miscarriage rates.  Similarly, neither case-control (27, 28) nor cohort studies (30-32) of shift work had an impact (n=1 965, OR 0.86 95%CI 0.66 -1.12 I2 24%; and n=21 639, OR 0.98 95%CI 0.89 -1.08 I2 0% respectively).  However, cohort designs (30, 32) showed an augmented effect of night work on miscarriage rate (n=11 695 OR 1.33 95%CI 1.12 -1.58 I2 0%).

Eligibility

One study defined miscarriage as pregnancies ending before 28 weeks gestation (34), stating that 99% of these occurred at fewer than 16 weeks but the authors were unable to provide the number of pregnancy losses between 25-28 weeks.  This would have been a maximum of seven women and calculation demonstrated no impact on overall effect.  Thus, this initially excluded study was retained.  Excluding this study did not alter results for the shift workers’ comparison (n= 18 846 OR 0.94 95%CI 0.85-1.04, I2 0%) nor the subgroup of night workers (n=12 634 OR 1.29 95%CI 1.10 -1.51 I2 0%).

The menstrual disturbances study not specifying hormonal manipulation or disturbance (19) was removed in a sensitivity analysis, and the result was stable (n=71 681 OR 1.22 95%CI 1.15-1.29 I2 0%).

Confounders

Menstrual disruption
Two studies provided adjusted effect measures (20, 21) (Table 2). Pooled multivariable analysis using adjusted risk estimates when available showed the effect of shift work remained significant (OR 1.15 95%CI 1.01-1.31, I2 70%) but not when restricting to adjusted data (OR 1.12 95% CI 0.99-1.25 I2 75%) (Figure 2).  This comparison was not possible for the subgroup of night workers.

Subfertility
All cohorts provided adjusted effect measures (Table 2).  Pooled analysis was non significant (OR 1.11 95%CI 0.86-1.44, I2 61%) (Figure2), remaining similar with exclusion of the study reporting individual effect measures depending on type of shift worked (OR 1.25 95%CI 0.82-1.91)(33) and in the one cohort (22)(1) providing data for women not managing to conceive (n= 3 092 OR 1.2 95%CI 0.2-8.3).  This comparison was not possible for the cohorts of night workers (n = 2 cohorts).  

Miscarriage
	Six studies provided effect measures for confounders (25, 27, 28, 30, 31, 34) (Table 2).  When pooling these the effect of shift work remained non-significant (OR 1.04 95%CI 0.89-1.22, I2 43%).  In a pooled multivariable analysis using adjusted risk estimates where available, the effect of night work was still significant (OR 1.41 95%CI 1.22-1.63, I2 0%) with similar results if only adjusted data was used (n= 3 cohorts, OR 1.40 95%CI 1.07-1.82 I2 29%) (Figure 2).



	

	





Conclusion
Summary 
Shift work is significantly associated with early reproductive outcomes.  Increased rates of menstrual disruption and subfertility are found in women who work shifts.  There is no difference in miscarriage rates in women who work ‘generic’ shifts, but there is an association in those women who work nights compared with women not working shifts.  We found concordance across statistical models and types of study design.  Adjusting for confounders led to an attenuated association for menstrual disruption, removed the association with subfertility but had no impact on the relationship with miscarriage.

Strengths
We combined comprehensive searching, robust data synthesis methods and a validated quality assessment tool in order to produce a strong methodological approach.  Analysis included large numbers of women from varying countries, cultures and occupations, increasing generalizability to study populations worldwide. We used unadjusted data to ensure standardization across pooled datasets and included adjusted analysis for comparison where possible.  Current practices for meta-analysis and systematic review were adhered to, including specificity of search strategy, assessment of heterogeneity and subgroup analysis.  Included studies appear to incur low risks of bias and be methodologically strong.  

 Limitations and bias
Differences between studies persist despite use of strict inclusion criteria and standardized unadjusted data.   The exposure to shift work, type and duration, varied between studies.  This compromise was inevitable because different national policies and cultural variation mean that subtle differences exist. The primary literature, in both human and animal studies, fails to consistently address the distinction between constant and fluctuating shifts.  A recent review of miscarriage in shift workers (8) and some of the included studies (Table 1) tried to circumvent this problems by stratifying data accordingly, but this invariably means narrowing inclusion criteria and number of studies without necessarily comparing equivalent shifts.  Definitions of these shifts will still vary across the globe and limiting the search in this way will compromise breadth of data and application of results.  The type of work performed outside standard working hours may be identical in certain jobs, for example continuous process industries.   The intensity or type of work may differ in other roles, for example a preponderance of stressful emergency work at night, or a much lighter workload.  By including a variety of types of work and (both manual workers and professional women) we ensured coverage of the broad nature of shift work.  

Outcomes varied somewhat between studies (Table 1); this may have contributed to heterogeneity.  We were unable to discern any major sources for the heterogeneity seen in subfertility.  Only one cohort included women who had not conceived, rendering analyses susceptible to underestimation of effects by excluding women with sterility and sub fertile women not actively trying to conceive.  

Adjusting for confounders produced attenuated results.  This could demonstrate that shift work selects for risk factors and poor lifestyle habits.  However, increased rates of adverse outcomes were still evident in studies adjusting for unhealthy behavior (20-22, 24, 25, 30, 34)(22 1&2).    Studies adjusted for different risk factors, both lifestyle and demographic differences (Table 2).  We did not have individual participant data; this would enable standardized comparisons of inherent discrepancies.  Given these caveats, the ability of our data to clearly demonstrate that shift work confers an effect, or whether due to residual confounders, remains elusive.

Interpretation 
Available data suggests that shift work is a risk factor for health and reproductive functioning.  Our review provides supporting evidence for a detrimental effect on early reproductive outcomes, consistent with previous studies in later pregnancy (5, 6).

The length of exposure of women to shift work was variable.  It is possible that prolonged exposure might amplify any effects.   A recent study found that there was an association of shift work and breast cancer, only becoming apparent after ≥30 years (OR 2.21, 95% CI 1.14 to 4.31) (37)). Exposure to shift work is unlikely to exist over such time periods in a reproduction review but duration may still be relevant in reproductive pathology.

The majority of women included in this review were in paid employment. Other work parameters, for example stress and exposure to environmental agents may confound results. By contrast, the ‘Healthy Worker Effect’ (“the consistent tendency of the actively employed to have a more favorable mortality experience than the population at large”), (38) may impact on our findings.  Working populations may exclude the severely ill or disabled, and working women may be better informed, or able to afford a better quality of life.  Additionally, women who do not adapt well to shift work, may self-select jobs with routine hours (18).  These effects would attenuate our results.  

It is likely that the observed effects are multifactorial, mediated by medical, social, psychological and demographic factors that are over represented or unique to shift workers (39).  For example, body mass index (40), caffeine (41) nicotine and drug use (42-44)), exercise levels (45), and diet (46) are risk factors for adverse reproductive functioning.  Shift workers are exposed to these modifiers more than the general population (3, 18).  However the majority of cohorts provided adjusted risks, suggesting that confounders do not solely account for the crude risk estimates.  

Despite extensive publications on the health effects of shift work, little is known regarding the mechanisms.  The greatest physiological problem is that sleeping phases are changed in relation to working times and daylight. Internal timekeeping is maintained in 24-hour oscillations of physiological responses, despite an out-of-synchronicity with the external environment (47).  If circadian disruption persists long term, altered physiology such as blood pressure and hormone production, result (48).  Exogenous changes to these processes are produced by altered light-dark cycles and also by working schedules.  In females, circadian control is found throughout the hypothalamic-pituitary axis, playing a role in the timing of ovulation and progesterone secretion (49). If reliant on circadian timings, disruption to this system could cause deleterious reproductive effects.   Individual differences in circadian ‘typology’ affect biological functioning in health and disease and diurnal ‘preference’ may be modified by environmental factors (50). Without individual patient data we cannot quantify individual adaptations to shift work, further confounding our results.

It cannot be concluded that early reproductive outcomes would be lessened by not performing shift work because no interventional trials exist.  Nevertheless, if replicated our findings have implications for those attempting pregnancy as well as employers.  These results will be of particular interest to couples hoping to achieve successful pregnancy but there is also evidence that menstrual cycle function may affect chronic disease risk (51).  The magnitude of the results should not be overstated. Any increases in adverse reproductive outcomes mediated by shift work will be small relative to the background risk.  Up to 44% of women experience menstrual disruption (52), 14% of couples subfertility (11), and 20% of pregnancies end in miscarriage (53).  Thus if a woman experiences these outcomes, it is unlikely to be related to shift work and she should be advised that there are established, readily modifiable risk factors with proven and wide-reaching benefits.  

Whilst the disruptive effects of shift work cannot be negated, coping strategies should be utilised.  Working patterns allowing adequate recovery between shifts have been facilitated by the European Working Time Directive (54) and heightened awareness of working womens’ rights (55).  Employers may accommodate women by modifying working hours, but ‘reproductive friendly’ hours have yet to be established.  Indeed, for many women shift work has financial and social benefits. 

Future research should be performed to validate these findings, stratifying results to examine whether increased years of shift working is associated with outcome.  Whilst prospective long-term cohort studies would produce more meaningful results, cross sectional or retrospective studies of individual participant data would provide useful information. Ways to modulate circadian deregulation should also be investigated.
Conclusion
This meta-analysis of observational studies, examining large numbers of women across diverse nationalities, cultures and social groups revealed an association of shift work and adverse early reproductive problems.  These findings should be interpreted with caution because the data available is unable to isolate the role of shift work in comparison with other factors.  However, the information may be valuable for individuals, employers and policy makers.  
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