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Outline of what we will be doing

• Describe a SYSTEMATIC REVIEW and META-ANALYSIS 

• Present Components of such a study  using examples from the 
literature

• Explain the Components and how to interpret them

• Apply the structure and presentation of a Meta-Analysis to a 
published paper

In Preparation

• Identify the keystrokes needed on your computer to FIND 
a term or phrase in a paper (Ctrl F) for example.

• Identify the keystrokes that will alternate between open 
windows on your computer (Alt Tab) for example. 

The Effect of Long Working Hours and Overtime on Occupational 
Health: A Meta-Analysis of Evidence from 1998 to 2018
Kapo Wong * , Alan H. S. Chan and S. C. Ngan

Department of Systems Engineering and Engineering Management, 
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Please Open the following
• THE POWERPOINT PRESENTATION

• THE FOLLOWING ARTICLE:
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What and Why
First a Systematic Review is a summary of research articles all purported to 

address the same topic.  They cover different variables, but the focus is on the 

same outcome. It essentially is a collection of articles that have a common 

outcome. 

Second, although not always associated with Systematic Reviews, a Meta-

Analysis is a statistical mechanism for COMBINING, POOLING, or otherwise 

AGGREGATING results from the different studies into a single OVERALL Statistical 

estimate of what is going on.  To STATISTICALLY summarize the results.

This is not without criticism as a technique – I will mention later – and it does not 

exclude or excuse professional judgment.  

Another way of saying it: 
Systematic Review and Meta-Analysis
a. Systematic Review

a. Attempts to collect all possible studies

b. Presents a criteria for selection
I. Assesses quality of studies

II. Done by more than one person

b. Meta-Analysis

a. Tries to show objective analysis of combined results 

b. Tries to demonstrate any “bias” in the selection of articles
c. Provides a quantitative measure of the outcome after 

combining studies. 

Warning 1

A key limitation of systematic reviews and meta-
analyses is that they produce estimates that are as 
reliable as the studies summarized. A pooled estimate 
derived from meta-analysis of randomized trials at 
low risk of bias will always be more reliable than that 
derived from a meta-analysis of observational studies 
or of randomized trials with less protection against 
bias.

Warning - 2

There is both a SUBJECTIVE (professional) 
component and a STATISTICAL Component 

of doing a Systematic Review and Meta-
Analysis

Think for a moment – if you had a collection of articles 
addressing the same thing,  what do you think you would 
cause the results to vary?

Structural
• Definitions

• Outcome
• Input
• Intervention

• Study Design
• Prospective 
• Retrospective
• RCT

• We will evaluate PROFESSIONALLY

Statistical
• Same measure of Outcome

• Same measure of Input

• Number of subjects

• Help vs. Harm

• HOW BIG A DIFFERENCE
• Average 
• Variance
• Sample size

• We will Evaluate STATISTICALLY
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This collection of things that are different is 
called HETEROGENECITY

•By strict definition this is the DIFFERENCES 
BETWEEN STUDIES THAT IS NOT DUE TO 
CHANCE.

• It is all the things we mentioned on the previous 
slide.

•This is measurable.

The Process of Conducting a Systematic Review and Meta-analysis
1.Formulate the question
2.Define the eligibility criteria for studies to be included in terms of Patient, 

Intervention, Comparison, Outcome (PICO), and study design
3.Develop a priori hypotheses to explain heterogeneity
4.Conduct search
5.Screen titles and abstracts for inclusion
6.Review full text of possibly eligible studies
7.Assess the risk of bias
8.Abstract data
9.When meta-analysis is performed:

1. Generate summary estimates and confidence intervals
2. Look for explanations of heterogeneity
3. Rate confidence in estimates of effect

JAMA How to Read a Systematic Review and Meta-analysis and Apply the results to Patient care.  July 9, 2014

PRISMA

• Preferred

• Reporting 

• Items for

• Systematic Review and 

• Meta-Analyses

The Effect of Long Working Hours and Overtime on Occupational Health: A Meta-Analysis of Evidence from 1998 to 2018
Kapo Wong * , Alan H. S. Chan and S. C. Ngan
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Once we have the studies

• The next step is to combine the results of the studies to accomplish the following:  

• Generate AN AVERAGE OVERALL ESTIMATE OF THE EFFECT. Pool all 
the outcomes and get an average

• Assess any BIAS in the collection of articles. If BIAS IS 
FOUND – we have QUANTIFY it and EXPLAIN IT.

SAMPLE SIZE

• Sample size is one of the major problems is assembling the studies.

• Sample size determines:
• Variance

• Confidence intervals (precision)

• Average effect size – like means or Odds Ratios or Risk Ratios etc.

• Studies with LARGE samples as compared to small samples generally 
• Reduce Variance

• Yield better estimates of success

• Are more representative of the population from which it is drawn.

Heterogeneity

• Inspect Results table – MUST BE PROVIDED

• Review a PLOT of the Spread of the values
• Forest Plot – almost always provided
• Funnel Plot – sometimes provided

• Review a STATISTIC of the Heterogeneity  (Higgins, I2)
• The statistic tells us the percentage of the variability 

that is not due to chance or sampling error.  In 
other words, if it is large something is going on  and 
it must be investigated.

Funnel Plot
So, what happens when you have an 
asymmetric Funnel Plot?

• This suggests, among other things, something 
called PUBLICATION BIAS.

• This happens when there is a tendency to publish only + 
outcomes. 

• The SYSTEMATIC REVIEWERS uses a lot of search engines to 
locate articles. But this assumes that they are published.  
Sort of circular argument.  How can we get around this?  

• Instruct people to look at PROCEEDINGS of meetings, 
Registries, Information presented at research meetings (like 
this one!!), etc. 

• BOTTOM LINE: WE HAVE TO EXPLAIN IT!!

19 20

21 22

23 24



Z -5

Two common ways of “fixing” an Asymmetric 
Plot
• Trim and Fill 

• The trim-and-fill method aims at estimating potentially missing 
studies due to publication bias in the funnel plot and adjusting the 
overall effect estimate. The fundamental assumption of the trim-
and-fill method is that the studies with the most extreme effect 
sizes, either on the left or on the right side, are suppressed. 

• Sensitivity Analysis

• Systematically remove studies and reanalyze.  Does the result 
change significantly?

Trim and Fill

For the next few slides, I will explain what is going 
on but will not provide any formulae for 
calculations – the computer will do this.
• Heterogenicity

• Statistical heterogeneity refers to differences between 
study results beyond those attributable to chance.

• IT IS ALWAYS PRESENT
• Will it SIGNIFICANTLY effect the results?
• Does it need to be explained?
This will be done by tables, graphs and statistics 

One statistic that is commonly used to detect 
Heterogeneity  Higgins I2

• I2

• Percentage of variation across studies that is due to 
heterogeneity and not due to chance

• A suggestion for interpretation
• .2  low heterogeneity
• .5 moderate
• .7 high

• Julian P T Higgins, Simon G Thompson, Jonathan J Deeks, Douglas G Altman, Measuring inconsistency in 
meta-analyses, BMJ. 2003 Sep 6; 327(7414): 557–560. doi: 10.1136/bmj.327.7414.557PMCID: PMC192859

How do you adjust?

• What you do is to WEIGHT the studies used according to 
their sample size, which usually takes the form of messing 
with the VARIANCE of the study. This is because the formula 
for the variance involves the average performance and the 
sample size. Those with larger sample sizes get larger 
weights. One method uses the “Inverse Variance” YOU 
DON’T NEED TO REMEMBER THIS. Just know that it is an 
attempt to give a better representation of  the results. 

Confidence 
Intervals

Risk Ratio

No Difference 
Line

Overall Summary
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HOW DO WE CONTINUE AFTER DETECTING A 
BIAS?

• We need to explain it!!

• For our purposes, the SUBGROUP analysis is preferred.
• Sometime a META REGRESSION ANALYSIS is used- this 

tries to increase or decrease the elements in subgroups. 

• This is a way of saying there is something that is messing 
up our overall results. 

• Start stratifying the studies into groups that make sense to 
your purpose. 

MAJOR THING MOST PEOPLE WANT TO 
KNOW
• After all this “STUFF” what is the overall effect of our efforts? 

• That is to say, is there a summary of the EFFECT SIZE after all of this?

• The answer is yes.  IT IS AN ADJUSTED EFFECT SIZE.  There is a 
statistical test for this.  The authors have a choice and will report it 
with a statistical test and a p-value.  There are several that they might 
choose. One is a Cohen’s d2

• This has guidelines

• .2 Weak

• .5 Moderate
• .8 Strong

Other tests of overall effect size

•The authors will cite them.  Regardless of 
what the authors use, there will be a p-
value associated with it and you will see if it 
is above or below your criterion (usually 
.05).

Quick and Dirty Checklist
1. Definitions Clear? – Yes, proceed, No – discard

2. Are there at least 2 reviewers? Yes- Proceed   No- Discard

3. Is there an INCLUSION/EXCLUSION criteria? –Yes, proceed, No –
reconsider

4. Is there a SELECTION CRITERA mentioned? (PRISMA, etc.) Yes, 
proceed, No – READ THE SELECTION CRITERIA CAREFULLY!!

5. Is there a flow chart to show how many studies were found and used? 
Yes –proceed,  No – CAUTION.

6. Is there a SUMMARY TABLE showing results of : Each Articles Effect 
size, sample size, Confidence Interval, weight, Adjusted effect size, 
Adjusted Confidence Interval and Forest Plots? Yes, proceed, No-
CAUTION (it might be included in the text.  But should be in the table. 

Checklist Continued
7. Is there a test for Heterogeneity? Yes – Proceed,  No – Discard

8. Did the authors ASSESS HETEROGENEITY Usually I2?  Yes, 
Proceed, No – CAUTION – May be in text. Should be in table.

9. Is there a summary effect size with p-value? Yes, proceed,  No 
– discard

10. Is there an investigation of HETEROCENEITY (Subgroup, 
Sensitivity, Trim and Fill? Yes, Proceed, No – Discard.

11. Are there limitations cited?  Yes – Proceed  No-Discard

12. Did the authors summarize the findings? Yes – Proceed  No-
Discard

If the above are satisfied

•State the statistical finding

•State your application decision
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Please access 

• The Effect of Long Working Hours and Overtime on 
Occupational Health: A Meta-Analysis of Evidence 
from 1998 to 2018

• Kapo Wong * , Alan H. S. Chan and S. C. Ngan

Page 

Page 3 Note 1

• The purpose here was to examine the relationship between the 
length of work hours and the occupational health of workers.

Page 4  Note 2

• Google Scholar and Medline (PubMed) by searching the following 
keywords: (long work hours OR overtime) AND (occupational health 
OR heart diseases OR cardiovascular disease OR stroke OR diabetes 
OR blood pressure OR injuries OR pain OR stress OR depression OR
anxiety OR exhaustion OR sleep OR smoke OR alcohol OR physical 
activity). All published papers extracted for the meta-analysis were in 
English. The abstracts of the published papers selected were 
screened, and the references were all manually checked to identify if 
the studies cited and described in the papers were appropriate for 
conducting this meta-analysis. A total of 1423 papers were collected 
for inclusion in this stage.

Page 4 Note 3  Exclusion Example

•studies involving night shift-work schedule 
and overtime without providing contract 
hours or regular working hours, for 
instance, Akerstedt et al. [58] and Sato et 
al. [38], were excluded from further 
analysis.

The Effect of Long Working Hours and Overtime on Occupational Health: A Meta-Analysis of Evidence from 1998 to 2018
Kapo Wong * , Alan H. S. Chan and S. C. Ngan

Page 4 
Note 4

Page 5 Note 5  INCLUSION EXAMPLE

• In the meta-analysis, only the working hours longer 
than the reference working hours and their 
corresponding odds ratios were included in the 
analysis
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Page 5 Note 6 and 7

• The random effects model was adopted in the meta-analysis here due 
to the variety of effects in the studies caused by different variables, 
such as study designs, method of data collection and adjustment for 
the results involved in the studies [67]. The consistency of the results 
was tested by the heterogeneity indicator, I-squared (I2) statistic. The 
value of I2 shows the variations of the studies in term of percentage 
[68,69]. The greater the value of I2, the more considerable the 
heterogeneity, and a value of zero means homogeneity. Furthermore, 
the publication bias of the five effect sizes was tested by the trim 
and fill analysis in which an asymmetry shape in the funnel plots 
implied the existence of publication bias [70].

PAGE 7 NOTE 9

Please observe the tie in between I2 in the Table 
Page 7 (Note 9) and Notes 10 and 11 and 12.  

• I-Squared

• publication bias was assessed by the trim-and-fill analysis

• Twelve new data points were imputed to the condition of mental 
health, and the odds ratio decreased to 1.197 (95% CI: 1.072–1.336)

• Considering that 50% represented a substantial heterogeneity [68,69], 
the heterogeneity was a problem for these five conditions. Therefore, 
moderator analysis was conducted to identify the potential sources of 
the heterogeneity.

Funnel Plots on Pages 8 Note 13

• Read at your leisure. 

Page 9 Note 16

• A moderator analysis was conducted to investigate the possible 
sources of heterogeneity Table 3. Please turn to those pages.

• Look at the p-value in the RIGHT-HAND COLUMN

• If less than .05 it is statistically significant.  PERMISSION TO SNOOP!!

Summary Statement

• This meta-analysis synthesizing 243 records from 46 papers with 
814,084 participants from 13 countries demonstrated that long 
working hours had a positive relationship with occupational health 
problems. The aggregated odds ratio for the effect of long working 
hours on occupational health was 1.245 (95% CI: 1.195–1.298).

• Amongst the five occupational health conditions, the condition 
‘related health’ showed the strongest association with long working 
hours; the health measures in this category were short sleep 
duration, sleep disturbance, sleep problem, exhaustion and injuries.
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Page 10

Page 12 Note 17
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